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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. HEEH

KRR EL AT LDO—DOTHIABMEIFREY AT LAOEROT-HI2IE, BT RALF—RE TIZBNT
BV R ENEZAT 5, BIEHE 7 = 74 MO F U T L2587 E OIS MBI OBFR L & bz,
Btk D F 70 2 i BSREA L & O B TR « BEAHIN OSSN LERA R TH D |, BIE, 77 A TERERNPIHED
LN TV DEMAIERIT ITER TiX, FiEERO—>2L LT, Ao XX —ORMV L E N F U LB A
7Ty hORBRTEY 2 —/L TBM (Test Blanket Module) 23i% & SN HFFHTH Y, BANEHRETE
@ TBM X, K b7 = A Nl F82H ZAiEMEL & T2 KGH T Z 0 r v N THDH 2, ZD7=%, F82H &
TBM ~DOHHKEEMECH DA — AT F A hZ AT L A (SUS3I6L) & DR BEA M ORESL AN B
RARTHY, ZNETT 7 A4 3— « L—F—Z RS SEOMNLIZ R Tt 2 D TE 72 13,

AR TIL, WA ETRHBE L R AWM O~ VT oA Mea W+ 5 2 & 2 B, FERREOTE
T D EEEREATE (FSW : Friction Stir Welding) i AT RENEZ BRI, MNX T, AKmEI~O I
T, AR OKE BRHE ORI & D 5,

2. HAREE
2. 1 BHEEBFMTMEARER

FEREE T, 77 A 3—« L—F—ZBJRE L, FRHEIC Ni A58 Inconel 625 Z HVWTIERL L 7= F82H
& SUS316L & OZead B Gk F OIS N E R R4 CBB (Creviced Bent Beam Stress Corrosion Cracking)
AR T K VR L 7o, ARFEEEIT, ZAVE CIRERmEEA L CTh D FSW 2 W TERL L 72 F82H & SUS316L &
DFEZE A AT 2RI, [F U< CBB RBRIC L 0 IS B BEMEDFE 21T - 7=, 3 W 7 /TR,
SiN &Y — L% W CAMf BN L0 . AfAE 1.5 ton, Y — VB ELERE 150 mm/min, Y — L[A]#x5HE E
350 rpm CYERL L 7= MM B EET & . WC -IOBE A& 45y — L& AW, IAZESHIEIC LD . FALGE
E 1.8 mm, Y —/VEENEE 100 mm/min, ¥ —/V[EHREEE 200 rpm CER L 72 MG FO B TH 5,
V)V DFEM PRI D T DEAM G R EECTH 523, SN BY — L DIE ) BNEEASAR Y — L X0 bR
MHEAME SN 72 8D FSW I K D F82H & SUS316L & D4y i8R A S0 12 L CRETFAERL A2 1T o 72720, kT
TERIBE DO ABVBRII KR E WV & PRI D, IETERRHEOFHI 1AL, Fig. 1 1SR T4 — b7 L—7NIZERBR A
ZoagiE L, Mz VT IR 250 C. J£7) 9 MPa, ¥AFRESE & 100 ppb., 121K 1000 RefH] ORISR C
RERZAT o 72, CBB ikt OB & Yl s KX OWFEE L ¢, L— —BEMEE CRBLES L7 R % Fig. 2 ISR,
WFERIFOABEDOEWNND, SIN RY — /L TER L7ZEFO 2 B O 0NTHEEPHEEA S . BEG S

Autoclave

4= Upper Surface Applied by Tensile Load mmp

0 0 «
31sL F82H
100pm

N, ¢
o, —
M—! ] (a) F82H/SUS316L joint joined by SiN FSW tool
Comrar | t 4= Upper Surface Applied by Tensile Load mmp
316L = F82H 100um
(b) F82H/SUS316L joint joined by WC FSW tool
Pre-
Heater . . .
DO Dissolved Oxygan Meter Fig. 2 Laser microscope observations of F§2H/SUS316L
CON. : Electrical Conductivity Meter joints after CBB test.

Fig. 1 Schematic illustration of corrosion facility.

P-1



'—;‘u- ‘ ﬁﬁﬁf&?ﬁté% — ResearchiresUHICROL

Research result

400 4 L
[ ° ¢ FSW(Si3N4)
® Laser Shift 0.0mm -
F ® Laser Shift 0.lmm
200 F ® Laser Shift 0.2mm |-
’ AFSW(WC) High
AFSW(WC) Low
° A FSW(WC) High2

600 - - - .

500 F \ 1 \
L]
L]
L]

Stress (MPa)

0 10 20 30 40 50 60
Strain (%)

Fig. 3 Stress - strain curves of F§2H/SUS316L dissimilar joints in tensile tests of SS-J3 specimen
at room temperature (strain rate : 1.0 x 10 /sec).
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7272 L CBB R BRIC X BIC T ARRHE L LTk, v — L OFEICBIfR 72 < | BIIRIS AN A T Szl i £
2y 77 v 7 OFERLHERITESRBO LT, FoRMEEEZA L TWD Z ENnnol,

2. 2 B|RHABER

INFETT7 7 == b=V —Z B & LTZWEEEEATE, 72 b ONT FSW T X 2 FEIERhEE 515 %2 H W T F82H
& SUS316L & DZEGHRMBELEMFOEREIToCTETz, 774 /3— « L—HF—%HW T ERBESIE T,
F82H & SUS316L & OO~ /T A MEAZ M7 5729, Inconel 625 ZH[HEIZHWT, L—H¥—
DRSO [E % F82H & Inconel 625 & DZEEH 12> % SUS316L M 0.0, 0.1, 0.2 mm O =FEICBE) S CHEF
VERLZAT > 72, FSW I X 2 IEIEaBEA 1A TIiX, F82H & SUS3I6L & D437 i8# 4155 Z & # H$5 L T, SiN
R =N EHWTRTEGENC X2 ESEICNA T, BABTOES B L T, BG4Sy —LE i
AL R S HIEIC K 2 88EDO B O FIET, MFPIEREITo7, ok, BEEGERY — L& Hnici#s
T, HEAPETT I LR THREBAMICEB SN IAENHE X 5720, ABENDRWEATTEZ W
PEB O I CRETFERI 21T o 7o, 1R U 722868 BTG O FEARBY 22 Re Rl 2 H #9IZ . SS-J3 i
INBIBERRBR B S 2 VT, F|IRIC T, OV Bl 1 x 10 /sec DSMETHIERBREIT -2, B O N EN A
JGI— O T BB % Fig. 31277, 77 A /8— « L—H—ZHOTER L 72T ORRIS T L — 3 — g
NEOEEII/NEL, K260 MPa THY ., HESNTWD 316L ORI L RFRETH -7, HRIGIE
FTOOT AL, SUS3IOL il ~D L —HF —MRENBEOBEEN K& < 2B LN -> T, /IEL A AN
R BTz, SS-13 /NS [BERER O AT 5 mm (2K U CIARAEEIT | mm LLF Tlxd 255, BIRB O
SIIRZETE D RER 533 SUS3I6L I TAELT TWeZ &b, #FHO SUS3I6L HOEE &N, OT ADZEITIE
LTWbEEZLNS, —F, FSW 2 W TER L Z#FTid, FSW Y — /LDy a VX —RFB X7 r—
TN, TRENABEION1R2mm THDHZ NG, 5IERBR AT OFATH 5 mm K23, F82H & SUS316L &
O TH D . VT b FSWIZ X U SRR E L7 72012, fEFORRKIS DAL & X 6
5o FTEONTRABRERN DT, TFOFRME~OEEIL, V— L OMEI D b FSW o ABEOZER
DIFIVRENVEZZBND, B, WTNOMFELSIRFEIZ 22 EEZBE L TWDH T E b ootz
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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) D. Collins et al., Assessing the Viability of A New Subsize Tensile Specimen Geometry for Evaluation
of Structural Nuclear and Additively Manufactured Materials, 612, 155831 (2025).
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Creation and Characterization of Functional Fine Particles Utilizing Water-Interfacial Reactions
by OTakahiro KOZAWA, Rito FUIIWARA, Hiroya ABE and Masakazu KAWASHITA

1. R EN

IR\ INE T D REERL 113, 0B - 1B - BE 2RI CE 52 Eonn . MEREOS T TRE 2R
EEDTND, BEFOBA, FLdA, B —H@ict EE6 7, AEFHRICHIBALFHA I TY
Do MTHY T XEA N (Fes04) 1T ZRREEMMELICH Y | EREGHEEZET L2 D, FTv 7
T U NY — (DDS) RV AERBMEMELE L THHBh TV 5,

EMEZLRRIZBNTIE, v 7R 2 A MRFIIZ o837 B/ TR RS CRIEEM S 4L, T2 7 kL
TELTRIHSNTE L, —FH, R ERICZHEMEEZF 5T 5 2 EnTEE, RmEOHKIZEY
EERGFORFFREREMESEL 2N TE D, £, 50nm 2B 25~ 7 nflzitcahiE, ot nm ¥4
AP B Ry ERHAN e BRERFF L, INBSSC L Dk 21T 2L b TE D, 207, v/ nEilE~
TREA MRITFIT, BERERS T ORK S EES DDS OREBIZHET HAREENH 5, L., H CHMk b
RT T —MEIZED 50 m A TFTDOA VHERE LI~ 7 XX A PRIAOARBNITHME SN THDHDD,
v/ uaflEH Lo~ 32X A MR OHEFNT /20,

AIFIETIX, IKERKAFIE T TD FeCOs UNRDEG RGN B~ 7 n BB~ 7 3 Z A MhifaaRk LT
(Scheme 1), MIEGR AR KKK DIFAET D 2 & T FeCO; DEV iR L ki B AMERE S, BRIC~ 27 1
IR S 72D, REKIFHSK T CTAREAR A BN LGS IIIRREER O~~~ Z A4~ (0-Fe,03) MAERL
T2, BITMEKRBFHK T ClE~ 7 244 MARNE LN, EWEFZH®REZ AEZ, Gonl-~7 e ZilE
~ IR HA MR EHWTeT 2R (AuNPs) ORHHiES LUK BEAZ 1TV, S HICHIEERER %
St L7z,

Macroporous o-Fe,0, (Hematite)

T — Antiferromagnet
H,0 Vapor
In air "
13 PEEAARRRRRRRNNR '
—
Macroporous Fe,0, (Magnetite)
Hydrothermal b Thermal T — ; Ferromagnet
synthesis ; treatment H,O Vapor
InH Nanoparticle capture
2 gas ; .
FeCl,, CO(NH,), ¥ s o Mégngt;c separén.c?n
PVP, ascorbic acid FeCO, microspheres [ * High biocompatibility

Scheme 1. Schematic illustration of the preparation of FeCO3 and macroporous a-Fe>O3; and Fe3O4 microspheres.

2. HERR
2.1 IYVOZBHEBEAIIA FRIFDER

KL TEEH 80 um DERIR FeCOs B 12 KBVEIC L W AR LTz, BONIZMEOEG NG, 2R HFIcET
% FeCO; DOy RIRFE 134K 350 °C Th o7, — . MBZERH CIEBVARIBEE N 315 °C TR T L, e
FASHIAFAET 2 KRR LV B RBUSINE S D 2 L AR E iz,

KRR BN ARER BRI 2 IV T, IR S 600 °C £ THIE L. 2 h {REFT 2 MBI 21T > 72, K&
KK TR LOKREKEHK T T Z 1T 5 TR, WTINO%LA bARBIE~~ 214 N ThH Y| hi 1
PRI 70 pum (UG L7= b D0 BRIVIZREIZRFF Sz, K& TN L 72 A sl i ki +-#8 130220 nm O —
WL TN ORERL S, FORITFBIBRIZT ) A7 — LD AV Thol-, —J. KFKKPTHEL LT
1L, R FRRIT 225-450 nm (2R L. #9300 nm ORI R AMBIE STz, KEKAFAE FCIMKIE D B KL
RENETL, TORRE L THREMICYZ v BRI,
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2. 2 RHOUOZBABEIT L4 FMIFOERK

311

4 o-Fe,0,

KIS FE A 70 KPa LI L7218k BRI T C FeCOs DA v FeO
BAA T o7z, 300 °C L ETIE~ 7% A4 MAEAERME LTHED
RS, R EFHCEE FeO v 24 MASAVERI & LTl & Sl . =%
Shiz (Fig. 1), @HEARE T TH LMK THIE O SEM &0 6. 2 |g000cE § v3 g‘“vﬁ
400 °C TP~ 7 n fLIMBE S W o= b DD, 500 °C L £ '*wmmlﬁ
LTv s u SR SN (Fig.2), 600°C THRLNEZ /%44 | 5 [550°C N .
BT O — YR T-A1349 500 nm TH Y | AEYEAEIC LV EHIISH 8 500
FAMFLAR S A 1E 100-500 nm, B — RAIFLAIEAI 210 nm Thho72, 2 WMU_L_.MLDL_
B T-RKifids L OWHH O SEM 205, ~ 27 wilidisil LzBi&fLe — |400°C A P
LTl IR S vz, — 0, IRBYREHIRE /M & B RERUFERT SOOUC‘WW,'L““““ML“
I, BB E A7 U & A b—T %7 L, SRR 60 emulg, 1R o N
mﬁ?moe%Tbko ] 10 20 30 40 50 60 70
TR RIS FIZEB1T 5 FeCOs DERIZ, (1) BLREEIZFES 20 (degree)

FeO JE, (i) FeO LAKZRRDBUSIZ £ % Fes04 2K, (i) €D Fig. 1. XRD patterns of the thermally
D a-FerOs ~DEEALAS  BePERI N OBERICHEITT 2 L 5 X 5%, decomposed products obtained under a
humid H» (hkl, magnetite).

Fig. 2. Cross-sectional SEM images of magnetite microspheres prepared at (a) 400 °C, (b) 500 °C, and (c) 600 °C.

2. 3 THUOZHBEIITRIA MHFOFT/ HFHRHES &K UCHBESMERER

FEIEMERIZHEH Lenwo ¥ ) — vigeik 2%

T, RLF£559 15nm @ AuNPs 3 HUR 2 A L :

St Se Before After
Tee~ 7 BEE~ 7R E A MR % & U (20 =
mg/mL) (ZXF L, {ﬁirﬂff%io OV T AL 2 45 TK ’ :
5min FEfii L, ORI TEEL T2, € DR, \__A'Ir-_‘
AuNPs 0))%#43'%@7 7 AT //\ % tl‘a‘é %& ‘ E After capturing .\"'--..\
DA S XU 520 nm CHRIRE =2 AT UV | e ol
Vis A7 Ui, HERIC i@ﬁﬁﬂ: L. AuNPs @ Magnet Wavelength (nm)
WX B — 7 1 TR L7z (Fig. 3). ffERICIEI L Fig. 3. Capturing test of AuNPs: photographs and UV-Vis
Te~ 73X A MR- SEM #%20 6 ki 1-8E -~  spectra before and after the test.
D AuNPs DA M HERR S T,

B LT~ a2V~ 7R E A MR OAERBEEEZRNT 5720, #1 A s takids X ORI =
ﬁﬁ%%%btoﬂ%%%(mmwwm)$@ki0ﬁﬂ%l%@@L&@%%#%@%m&; BIFHEA A
VIREIL, W EK) 02ppm T, AEEITFRO b holz, S HIT, BRI (L929) (Z3UEH 4 ik
L.5%CO, FTHE#ELIZLEZA, ﬁﬂ%f%mm@MLifﬁMéﬁf%%%%ﬁ%@ﬂ%ﬁ&ﬁ@Ef%
D, 7 LB~ 732 A MLAITHIEREZ RS 20T & B3R ST,

0.2

. AuNPs dispersion

044 ™ b

i

Absorbance

3. &M

(1) T. Kozawa et al., Magnetic Macroporous Microspheres from FeCO; via Water Vapor-Mediated Thermal
Decomposition: Implications for Nanoparticle Capture and Biomedical Applications, ACS Appl. Nano Mater.,
8, 18781-18789 (2025).

(2) J. Quinson et al., Surfactant-Free Colloidal Syntheses of Gold-Based Nanomaterials in Alkaline Water and
Mono-alcohol Mixtures. Chem. Mater., 35, 2173-2190 (2023).
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Study of Efficient Resistance Spot Welding for high-strength alloys steel and Magnesium Alloys
by ONinshu MA, Rinsei IKEDA, Paponpat CHIMANO
Hidemi KATO, Kota KURABAYASHI

1. HIEBE™M

CO2 HEHEAHINT 2729, HEVEO BR A RE(LT 2 HIRORB N LERT K Th DH, M7, BROME
PR E R LT e b, 2O OO RE WSS 5720, HRE RG-SR & LiRE o
BEME~ 7 2> 7 L E2FHT == ARNEmE - TEY | BEEOBESHR 2% L iz b, —J7,
bt &~ 7227 AOBS TN ZENK 1500°C, 650°C T, 3T ERAR D20, W4 d % RFHC AR
HZENRARETH D, £ T, ZI Tl v IRV U LOBREERM S, @I58 Alloy42 (58Fe42Ni)
& MgAl 54 AZ31, Alloy42 & #li Mg ORMEEA Z23A %, FrZERFH ORPLA R > MEEHEIF A T3
X, RO (LA LT CO, DHIK E SDGs ~DEFRB K E < HIfFFTX 5,

2. ARHE

2. 1 BIRREBAMBEIZRIITEEEFHOEZE

RPLAR > MEEETIL, 60 Hz B IIR NS (414~ 8 SLAJ 35-601) %\, R JZ(100R, ¥ 16 mm)
D Cr-Cu B Z B LT, BWINET) & IEH2ENIEZELZ 41 3.92 kN (400 kgf), 10.0 kA £7213 13.0 kA Th -
7oo 1BTERFEZ 0.5 s~3 s OFAPHICERE LTz, BEE THZORFRHIL0.166 s ThoTo, TNENDOEMAET
BUE LTI AR v MEGEETF (Fig.l) 1ZxF LT, SIBRE AW A1V, Fig.2 (29 far EZSN7 AR & A
SR A HIE LT, WU)RVEH T A —F ZFE T AR, Alloy42/PureMg flEF & Alloy42/AZ31 fEFix, JiT
3000N LL ED515R 0 H AUWiRE NG B s,

Top view % Front view
| 30 |

Welded zone -

Fig.1 #EHLAR v MEHEHET O 51T A WS

—10KA- 1.0s 10kA-2.0s ==13kA-0.0s ==13kA-1.0s

3500

—— Weld time ; 0.5 || 4000
3000 — Ve
— Weld time ; 35
2500 3000
Z 2000 -
g 4
5 1500 ?000
1000 £
gk 1000
B0 025 050 075 100 1.25 150 175 200 0
Stroke (mm)
0 02 04 0.6 08 1 12 14
Displacement [mm.]
(a) Alloy42/pure Mg, (b) Alloy42/AZ31

Fig2 HHLA R v MEEERET O51RE A WIRE 1 RIT T A RO E
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2. 2 BEFTTYMEORSICRIETEEZGDE

WL OMDIERFLAR » MAEFESAET Alloy42/PureMg kT & Alloy42/AZ31 #kFAERLL . i Mg
BIE 721 AZ3L MDA SRR T &, W7y MERTRS & Fig.3 1T T,

i

Welding Welding time Depth

Current ) (mm) Welding Welding time

Current (Sec)
0.50 0.551 6.700
1.00 0.707 7.000 1.00 0.719 7.532
10 kA
10kA 2.00 0.655 7.300 2.00 0.820 7.642
3.00 0.624 7.300 13KA 0.50 0.801 9.062
13 kA 1.00 1.000 9.642

3Sec.

&

(a) Alloy42/pure Mg (b) Alloy42/AZ31
Fig.3 RSW 8275 > b o~HE

2. 3 ERARY FMEEA DX LD

Fe-Ni 54 & Mg 688G A=A L% 5729, SEM Z W CTHEA R EIZH 1T 573 Fe, Ni, Mg, Al,
Zn DREZPE LT, REDHDA A—T L=k T — TV ZZ NI Figd(a) L Figdb)rd, Frz, f
fCiE, Ni & ALIZZENZN 10%BTEEL TS, ZOFEENS Mg-Ni £7213 Ni-Al £7213 Fe-Al D48
LA A LT Fe-Ni 54 & Mg A& LG T 2 AR mun E HE S 5,

All Elements. AN Elerments

Wik

o 1 A
Ao’ S tn AR U AL M At Al W, S
i FeliaRans iy iy | v fapeicns Hapslaoy ) 1 { pln |
10 20 30 40 50 60 70 80 90 100 110 120
pm

(b) Elements in Alloy42/PureMg joint (a) Elements in Alloy42/AZ31 joint
Fig.4 5 RIS £ ok Fe, Ni, Mg, Al, Zn OF AR

3. F&H

(1) Fe58Ni42/AZ31, Fe58Ni42/PureMg % FRiBFEREIC CTHPL AR v MEEE L, FessNigp ORI L0 AZ31
& PureMg llZ T2y EAER S 4L, +3 7251 RD HAMMRE R 2 b D,

(3) WHERFH 2 s DRMFIC KD BAE R\ OITHESHT LV | AZ31 75 > M Al IR{LEIZ 38 L | Fe-Al
R Ni-Al £7213% Ni-Mg F 0w B LAY IMC) 2T L T2 TREMED B 5,

4. BEXH

(1) Kota Kurabayashi a, Takeshi Wada b, Hidemi Kato, Dissimilar Joining of Immiscible Fe-Mg using Solid Metal Dealloying,
Scripta Materialia, 230 (2023) 115404, 1-5.

(2) L. Liu, L. Xiao, J.C. Feng, Y.H. Tian, S.Q. Zhou and Y. Zhou, The Mechanisms of Resistance Spot Welding of Magnesium to
Steel, METALLURGICAL AND MATERIALS TRANSACTIONS A, Vol.41A (2010), 2651-2661.

(3) Koji Atarashiya, Seiichi Suenaga and Ryukichi Nagasaki, Direct Bonding of Nickel to Magnesia, J. Japan Inst. Metals, Vo1.51,
No.12 (1987), 1189—1193.
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Elucidation of process mechanism and development of precision control technology
regarding arc welding and WAAM
by OShinichi TASHIRO, Dang Khoi LE, Kieu Anh Duong NGUYEN, Manabu TANAKA,
Kenta Yamanaka

1. Research Objectives

In this project, we are elucidating the process principles of arc welding. This year, we
focused on pure argon Metal—-Cored Arc Welding (MCAW), particularly elucidating the principles
of weld bead formation through an applied External Magnetic Field (EMF) control'. Here, we
present an overview of our results
2. Experimental method

Fig. 1 shows a schematic experimental setup of the observations for (a) metal transfer
behavior and (b) weld pool behavior. The welding system included a constant-voltage arc
welding power supply, awire feeder, awelding torch, an axial EMF generator, and a single-axis
stage. Commercial metal corewire andmild steel workpiece were used with pure argon shielding
gas at 320 A DC. The EMF was applied at two levels: 0 and 6 mT, with Magnetic Flux Density
(MFD) as a parameter. The interaction between the radial component of the arc current and
the axial external magnetic field made arc center region more constricted and brighter.
Respectively, arc appearance and droplet transfer, and weld pool behavior were recorded by
a high-speed video camera with laser illumination as shadowgraph technique and reflected
filming method, while numerical simulations analyzed plasma characteristics
3. Results and discussion

Fig. 2 shows time-sequential images of arc appearance and droplet transfer for each MFD.
Both EMF conditions showed a similar metal transfer frequency. At 6 ml, however, the arc
center was more constricted and brighter, showing higher plasma energy density. This affected
weld pool behavior.

Fig.s 3 and 4 show typical images of weld pool behavior and cross—sections of weld beads
under the effects of EMFs, respectively. At 0 mT, the weld pool surface stayed flat as the
droplet detached smoothly with minimal disturbance. Conversely, at 6 mT, a crater—like
depression on weld pool formed from enhanced arc pressure, partially obscuring the droplet
at detachment and persisting afterward. These results showed that while EMF barely changed
transfer frequency, it increased arc pressure and altered weld pool behavior, potentially
enhancing penetration. As a result, bead width and height remained almost unchanged. In
contrast, penetration depth increased from 3.7 to 4.2 mm and fusion boundary width expanded
from 6.7 to 7.4 mm at 6 mT, confirming that EMF significantly enhanced weld penetration

Fig. 5 shows the vertical plasma flow velocity on the vertical plane. Fig. 6 depicts the
horizontal plasma flow velocity with static pressure for (a) no EMF and (b) MFD of 6 mT,
and (c) predicted influence of MFD on the maximum vertical velocity at the arc center. As
shown in Fig. 5, applying EMF greatly increased plasma velocity at the arc center, leading
to weld pool surface depletion as seen inFig. 3. Without the EMF, plasma flowed centripetal ly
toward the arc center under self-induced magnetic fields, creating high central pressure
With the longitudinal EMF (Fig. 6b), a Lorentz force drove rotational plasma flow, producing
centrifugal effects that lowered central pressure and accelerated plasma downward. The
resulting high-velocity jet increased arc pressure on the weld pool, deepening heat
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penetration and enhancing weld penetration, as shown in Fig. 3. Simulated plasma flow
velocities versus MFD (Fig. 6(c)), where downward velocity peaks near 700 m s' at around
35 mT before reversing upward at higher fields, though this study |imited MFD to 6 mT and
results remain hypothetical under simplified assumptions

(1) Van Hanh Bui, Quang Ngoc Trinh, Dang Khoi Le, Shinichi @) — — __
Tashiro®, Le Duy Han, Huy Le Phan, Anthony B. Murphy, Kenta g;f:im

Yamanaka, Manabu Tanaka, Lei Xiao, “Effect of External
Magnetic Field on Arc Characteristics and Weld Bead

Magnet b
. . _ . » Exciting Coil i =
Formation in Metal-Cored Arc Welding™ , wih oomms UL /S
https://doi. org/10.1007/s00170-025-16581~w Welding 1| Magnetic flux MHS\/?
Laser Torch ST [ direction chrI\:\r'.am
__________________ >
Welding
dircction
Laser
Magnetic ﬂux i
direction E & light
: HSVC
Weldi emrec:
chn:;:g L s Incldcm MLII!I;R:'SITI

Weld. ol
Welding
direction

Figure 1 Experimental setup

(a) No EMF

Figure 2 Time-sequential images of arc appearance
and metal transfer behavior of (a) no EMF
and (b) MFD of 6 mT

Base metal

Figure 3 Typical images of weld pool

7 behavior

Figure 4 Photos of the weld bead
cross—section
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Figure 5 Plasma flow velocity on the vertical . o ' Lt .x .
plane through the wire axis of (a) no ENMF and Figure 6 Horizontal plasma velocity and static
(b) MFD of 6 mT pressure, and (c) predicted maximum vertical

velocity at the arc center vs. MFD
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Deformation behavior in the stir zone of friction stir welded duplex stainless steel:
An in situ neutron diffraction study
by oTakayuki YAMASHITA, Kohsaku USHIODA, Hidetoshi FUIJII,
Motomichi KOYAMA, Stefanus HARJO, Wu GONG, Takuro KAWASAKI

1. HEBEM
BCC D7 = 7 4 Ma)k FCC HEEDA— AT FA Ny)D MM HELD AT v U AL, BEAEHT
EFEBROEE LW EWIREE & BAFRIEVEOWIN. & @i & EE AT 568 Th o, “HAT L A O
FEPE I IS AR DT RECHI Ay RN K& S BT 5 & & bIT, MO HRE 2K U2 BN BT
HHLZEVRMBNTND L, ZO AT L AT ﬁbfzaﬁ%&%‘:ﬁb & MR OTERE - FRy RO
EOMEMEFR Cd D o FHDOTZARD A UHSBINRFESNE T LT L E 9, 2 OMEOMRIZIZEHES DA TH
HEBEZBND, BEEEHEEA (Friction stir welding: FSW)id, EEERIZ X B ABA L 4Pl X 2 ¥MEREENIC L 0 [E
FRRE CHES T DM TH U | ZOAEH CITE S GIC X 0 IEFITHM RS S b5, Box il
FIZTHAT U A3 L CHEAIKIR T FSW ZJii 9= & T, !cff/T&Hé‘;maéa‘i%?ﬁL SEEPRIPE DN
pum FREOMBIN GO D Z ENME L 2 Lo, AT L AHIO FSW #8231 2005
PEIZBET 22813072 < | E ORBUEMEIZ OV CREMZRIREHT e S Tuneny, :*ﬁx%yvxfﬁlm FSW #%
it kﬁéf%ﬁt&@ﬁ”ﬁ{% X, BB RHE O R BIEHE & W 5 BB 2 A S5 Z ENEETH D, X
T, FSW H#AEBICTERK 0 2 5 B 7o SRR O BB REE O R BLBERE (S XT3~ D BRIR A VRO 5 2 L 1X, ZHHA
%yvxﬁm@m@ Ebvi AP OJERICHE T 5 & PRI D, & 2 TR T _7FHXT/I/X§W
st U CHEG T O fe i BIEEIRE 23 EBS IR £ 72 13 miE & 72 D 5514 C FSW 2470, ?E'r%a%t BEBITR L CHI
BE 2 OEHMEFRIPTEC L 2B RENT 2 3256 U=, BT — XIS MmO LE2E),
3 KON OIS S50 B RERFH ORI K95 %7 52 5l L 7=,
2. TR 1000

2. 1 BERHLGREA-VTHEE
Hik D 2 mm JED A AT > L A SUS329J4L(Fe-25Cr- = 8001
6.5Ni-3.0Mo-0.2N (in mass%))Zxf L C. WC i@aaiy—1 &
4 JIV T [EIEAL 300 tpm 35 £ OF 600 rpm, 22 150 mm/min 5 600 iswee
T FSW % i L7-, 3573 BHI LI FSW300 3L 2
FSW600 & Fid %, FEFF(BM)IZ y 40525 46.3% T, o & y D & 401 FSW300 |
EIRIEIEE NI 486 um & 2.04 pm Thott, FRICKHL S - /
T, FSW600 Tidy 70 3I1% 41.1%, a & y OFEIRIERIL 4.52 um 2001
& 1.46 um TH Y . FSW300 TiL y 235 44.6%, o & y D
PPRIARIE 2,40 um & 0.90 um Toh o7z, Fig. 1 12 BM BEL O N A e o i i

FSW #M DRFRIE S — BN OT Aih#i 2779, BM & Hg LT Nominal strain (-)
FSW BHIZREAR « BIEEMREEN & bicm E L., ot nrai{kix  Fig. 1 Nominal stress vs. nominal strain
Wb LCUh iz, FSW300 13 FSW600 & 0 b= 2ffiig L curves of BM and FSWed specimens.
e, ZHUTEICREHEOCOBEINCE D LD Th o7z, Z ORHEME OO INLRE BRI X 5814 Ko
TER « AR ZEE) D ZALROAS SRIN TORB — R B AMRE S /- Z L BEE L TV D AlRetkEn 6 5,
2. 2 BHEAEOBRE~NDHFS

BT DBRERAA DIRE~DFFH1%, S OICNTx L THOFEREZ BT T2 2 L THETE 5,
Fig. 2 IZRF & FSW M OSHERAR D FREEIZ KT 2 HIS N B OT A LT ey b LIERERZRT, 4%
FOIS I ORI BER TR TERNLREISNIC B L2 b, ZRYRBITERBI SO THWHEEZD
b, BM Tl a mEDFEWD, BES~OTEIXy DFNRREDo7T2, AT, OFTAIXTT D y DFERE~D
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FHHEOBMI, o« XV LEETHY, y NINTHELT S 2L TBM OMEORBUCHFS Lo RgIhDd, £
UK LT FSW M TliX, a O DRE~DOFERRE L, BOT AT H2HIMGBEE CH o7z, EhiTxt
LT, yIFMRAE L TWAIZHE b bT, BE~OFLGIIBM LT Th o7z, Tk, FSW HMICHIT 5
FEDORIZEIZ a KIOEREICEDZ DO THDLZLEZERLTEY, MRbic k2 AT L AHOE
LA XD BT, o2 ML S A0 2 METT D 2 ENREETHL I ENHALNE T,

1001 (a) BM 1000 (b) FSW600 1000 (€) FSW300
800+ 800+ 800

gm._ & ] | Eu

w 7] @

g

EcrTite)

g
§

0 o B ] -
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 015 0.20 0.00 0.05 0,10 015 0.20

Applied true strain (-) Applied true strain (-) Applied true strain (-)

Fig. 2 Fraction-weighted phase stress plotted against applied true strain. The sum of stresses contributed
by ferrite and austenite during tensile testing for (a) BM, (b) FSW600, and (c) FSW300.

2. 3 RIEFREOBHEEREES

EH e —27 OfERIE T 10 ’ # 1 (b) 200-a

(FWHM) (3 Hafr % fE L R _ (e |
g T 0.0071 FSW300 14

HOHETHDLZ ENMBIT "gg E” — FSW600
V5, Fig 3 ICHE—7 OfF g e jgemr = 7 £$ﬁﬁ7
HHBECTERELZ 110-a, £ 3z o SELEE
200-0, 111y BE 2000y 5 008 S oot MRS TR
FWHM OEOFHIRTE 5 |l = -‘“@“"po'ﬂ-‘,%\ﬂd
A EFRT, o TIL BEEY & i mgﬁ
DRI BB g N A A —
THOTAHIHT 5 FWHM " :;plied tuf:c strai: I(S-) - B (x;plied:;':l)e strai(r]ilf-) =
OEME, BM LV 1 FSW M 0.008 4 +
TREL D MHEAER LT, yeRhHly 5 0.010 ea by ,é-“d‘
SR FSWHTILBM KD S e e T

oy = S - - = a4 o = e Ay
;Eiiz;; iff\@g:ﬁ%%;;g; g — \‘“‘.::}- rs‘.w.ﬂg_ g 0.008 - \’M.::‘_r‘-‘v\’ysweix:.’.
FAMGIRE LR IR S o S ene™™™ [T pmd eee™”
MALE LS EH L b B ™ = L
10, WAL VR O Ty B oot =
B AT LI 72 T uin
BLEXDNG, IOERNE T, e
FEOMEDS a OFREE L T Applied true strain (-) Applied true strain (-)

fbom Eicaw5 LTz &4 Fig. 3 Changes in the full width at half maximum (FWHM) as a function

HENDy e ThEYY  of the applied true stress: (a) 110-0, (b) 200-0, (c) 111-y, and (d) 200-y,

Bkt 5 FWHM oshnig  respectively.

FSW M CTHIM L Tk v, MBI Lo TR EEMEE SN TW e Z AR IS, LarL, FEBEICIE y

OMTHRAGITEAD LT, ZOERIZHOWTIBIERH TH 223, FEERMOTERAREZR &3 BEE L T

DAREMEDR B D72, A1k, LV FEMARRENLETH D,

3. ZEXM

(1) T. Yamashita, N. Koga, W. Mao, W. Gong, T. Kawasaki, S. Harjo, H. Fujii, O. Umezawa, Enhanced work
hardening in ferrite and austenite of duplex stainless steel at 200 K: In situ neutron diffraction study, Mater.
Sci. Eng. A, 941,148602 (2025).

(2) T. Yamashita, K. Ushioda, H. Fujii, Inhomogeneity of Microstructure along the Thickness Direction in Stir Zone of
Friction Stir Welded Duplex Stainless Steel, ISIJ int., 63, 1747 (2023).
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SY9F  BREE - TR —HE O B
Bipk 7 Rt Fe-Mg i S EE DBt 22—y

RBCRZFHEAERAIIERT O=1Lk k&, &H #EA, J& L5
FALKR @ BRI FE T AR FER, Fom o, g B

Simulation of Elastic Properties of Fe-Mg Composite Microstructures Obtained by Dealloying Reaction
by OYoshiki MIKAMI, Hayato YOSHIDA, Hongchang ZHOU,
Kota KURABAYASHI, Takeshi WADA, Hidemi KATO

1. AARDEEHLUEH

HIERBR BT RIRE~DOXIR O—B & LT, Bl X 1T HRs 7 3£ Tl CO, HEHH EHIK o 72 80 12 B 8 & 0O H1 k23
BERPEL oo TWD. ZOROTZDIZ, S EIE ~ 730 T LD X5 RREFRM & 2 A5 bE T
< VF =T U T ARG OEMITAE N IRIRE O —>Th 5. ITE, FERFMAE T 5 Fe & Mg DA 7k
& LT, Bipkr s (dealloying) & W FEDRRE SN TWD. KFETIE, #ARHEIZHEWVT Fe & Mg
DOISHE A R E SRR S A A N ER SN TV D L P END. HA MRS & kRO BR
ERLMNCTEOOTFIELLTYI2b—varBNEAITHDEEZ, T E CIOEMSE 27E A L
G FiEE VTR 2 H 79 5 Fe & Mg OGRS /LM% IS 2 ROt CHMEE L, BITRAMKED )51
HEE VI 2L —a T TEEHEE L. SFEEITZOTEE Fe-Mg SO A LA & O BMERRE DR
@A 35 2 & 25T,
2. HEEEHICET SETHE

Fe-Mg A5 1 18 O BRI RFMEIC DWW CIE Fig. 1 1R T &
IIRHE INDH D, Fe-Mg MME ARSI OWT, BERE
Wl E % (Ultrasonic) , /A 5 v 7 — 3 a vik

(Nanoindentation) , B&fifHi#R1: (Load-unload), [EfEERE

(Compression) (ZX > T Z7HENHE SN TWS. Fig. 1
HOFEREBRITENENEGAITHESND VT 7D ' &
ETFRTHS. EBRICEDMES TN T L EARNIC LD S &S
HEE L0 BARL, JEMERBRIEIC X AR RITH IRV, E7z,
Fig. 1 IR LIZEHAMHEET M ONWTEl 7 — U =25
WA MUVEIZE DY 2 21— 3> (Modelling) HiTHONTWER, Hohi-v o 7RTEAH
\Z X BHEE & RIFLEETH D . Modelling Tl Fe & Mg OFGHIEASHMIFRERIZEBE SN TS b0, FEEM
MBI CTH D Fe & Mg OB HER L TH Y, REOT RO EEREC TN LIck-T, HEAIEH
BREOHENGEONTZ D EERIN TS, ZHICH L TAFETHEL-FELZ2HVIIE, v I —
a BV THERMEREFAREDY VIV REGDL LN TEXLREENRH Y, £z, HEMEOLZE
OISR D EBZZHND.
2. EE2aL—2arFE
2. 1 SliceGAN [Z&k 2= RTIEENDHER

ABEATHETIE, BARMIZ Fig. 22”3 X 9 72 Fe & Mg OFGHIE S AIER S 5. Fig 2(b)ird
TEAbEE A D, REE AW TEOOE D TH D SliceGAN?IZ X - T Fig. 2(e)RT & 5 72 =kt
G2 R L2, ZOZReEICE £ 5 Fe & Mg TNZEUIZHOWTRZ BWIROFIREFR T T L& {E
AL, Fig. 3 (2753 Fe-Mg Bl Sk E DS I 2L —2a VETFAAIER LT-. Fe & Mg DY 7/ %

L
S

@
o

-3
=3

Young's modulus

Fig. |  Young’s modulus of Fe-Mg composite®.

Binarise and
resize the
image ' r
'd Py 4

ra pr—_ [ 4 E

Size: 225x225 pixels 3D volume
(a) Fe/Mg composite (b) Sampling (¢) Generated 3D Fig. 3  Finite element model

microstructure structure of Fe/Mg composite

Fig.2  Reconstruction of three-dimensional composite microstructure. microstructure.
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L_ah

ZFNEN 211.56 GPa, 43.86GPa & L, R7T YV th
I 029 & L7z, R EEAE 03 &
H5.z27-.

2. 2 EiEBREH

Fig. 3 TR LT /WK L CEMER & 5 2
LERPERRIT 21TV, BT AREOIE L LTED
NBIEST—OTHEREL Y Yo 7V RERM L.
JEMEZETE D5 2 J51, Fig. 4 \THERBNRT & 5 72
2 G L L=, Fig 4)lE, T NVOEHIZH LT
WEIEM T DM THD. —F, Fig 40b)TiEE
BN JERE %% 17 5 Fe-Mg # &Mk DN T
ETIN 45°MEER L CHRIE STV D EE T
ETHDH. ZDXHITEZDE, NWENIZEHR L CTHL
EINZETVIZIFEAMEERE LD Z LTk
L. ZNERB LT, JEMAER %5 2 70 & i
TR E, SAMERE 5252 8ICk->TA
C&E. BT AR ITETNENEES S
—EEOT HER, TAWIE - AROT 2B
DT, FIENLITEREY IV REEHL,
BEDPGITEAWEEREAREH L TP
BRI LT,

3. EfE T alL—Y 3 iR
Vialb—valilloTEbnrr R

%, SCHRC/R S 4172 Compression & Modelling DS & il LT Fig. 5 I
AL BT VOREIIH L TEREIEM LA, Modelling & [FIFE
FEOY L 7R L oo, ZRICR LT, RAMERIC L > TUEMEZET )V
L L7 AT ERER TH D Compression & [FFRED Y FHE L 7o
7o, ok, YAMERZ 5 2 5%6E121%, Fe & Mg OFLEDRENET S
ZEBRTRINTD, BEOF~OEAWER 2 I —varl

Research result

Ny

VHVPLLE PRV L

G T TP

1
1
1
1
1
U

v

A
1
1
1
1
1
1

tretteetettteeteeeeesest
(a) Normal compression

trettetteeetettteeteest
(b) Compression modeled

by shear deformation
Fig. 4 Loading conditions for compression of Fe/Mg
composite.

-

Young's modulus (GPa)
c3B8885883888

Normal
compression

< B

Fig. 5 Simulation results of Young’s modulus.

Compression Modelling

7o, ZORER, Yo VRIZFEBREDE L 72V, Fe & Mg OREDREITR

LN L LEBIOND. HAWMER A 525 Z LIZ k- TEMiEET
MME LTS G ER ERREOY » 7R B3 G b - HIE, Fig. 6 (27T

Fig. 6 Slip deformation at
Fe/Mg interface.

X972 FeMg R DT RYERELE LT RoedTHDLIEEZLND. R BVIROFRESRET L
EHWTWD T2, 7 AORMIIK L CHEELICEAM L72%E (Normal compression) (Z1XZ D K 9 225t D
TR FAETICL L, RENEE I T2 Modelling & RIFEEDFERIZR~TmbDEEZHND.

4. F&O

AHFFETIE, Fe-Mg I AW CTE L D&Y 7V RILDOFIKN Z e+ 5720, Fe & Mg O S 235y B

SNTARERET MEMEIMNMA D Z & T, FlET 0 24 U 2 4K08 T OBMERE DT 2 37 72

(1) BT NVOREIZKR L TREREMCIX, EREFRBEOY L Z7RIIHG LN T

Q) —F, EMEER %5 2 1-0 LM iFRkEEL, ETMIEAMEREZ 525 LIl TALIEE
B, RSB DT RONREL, EBREFBEOY VR, ZDOZ L LY, Fe-Mg IS

FEARAE IS O BVEZTRRFIEIIE, REOT N ORBRH L Z L3

MTET.

ARWFFEIZ L0, Fe-Mg MAHIEE A RLARMEE O FMEREE I DOV TEMI R BMEN T & 2. 4%, SmFrE<os
PERZEBOZE R L, ET7NVOFML - mEAEZED .

SEXH

1) Kota Kurabayashi, Takeshi Wada, Hidemi Kato, Dissimilar Joining of Immiscible Fe-Mg using Solid Metal Dealloying, Scripta

Materialia, 230 (2023) 115404, https://doi.org/10.1016/].scriptamat.2023.115404
2) Steve Kench, Samuel J. Cooper, Generating three-dimensional structures from a two-dimensional slice with generative
adversarial network-based dimensionality expansion, Nature Machine Intelligence, 3 (2021) 299-305,

https://doi.org/10.1038/s42256-021-00322-1

3) LV. Okulov, P.-A. Geslin, .V. Soldatov, H. Ovri, S.-H. Joo, H. Kato, Anomalously low modulus of the interpenetrating-phase
composite of Fe and Mg obtained by liquid metal dealloying, Scripta Materialia, 163 (2019) 133-136,

https://doi.org/10.1016/j.scriptamat.2019.01.017
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o BREE - VX —B R B
TSXAEERIZKBIRE - BEEHA RV /NN—230 70 ADEIE

KBRS A B AR TEAT Yokt
A BRFAK B VAT LAFGERT

FALKR A mA B e AT

OHfiJF#H—.
INFRIEFS
FOH R, NS 52

T HARE

Development of Low-Temperature Highly-Reactive Gas Conversion Processes
with Plasma Catalysis
by Yuichi SETSUHARA, Susumu TOKO, Kosuke TAKENAKA,
Masakuni OZAWA, Takeshi WADA and Hidemi KATO

1. HAEEH

IO HIERIRE LS, RSB OBBMIC L 2 =2V F—RERBE L L TETEBY | I—ARr=a2—1
T B LTCRBMBRER ZAIET 2120 D FEPRR SN TWD, b ORBEZRRT H72DI12, K
KN GRIT L7z TRRAEERR (COy) Z/kFE (Hy) ERIGSHE, RARTADERII THDH AKX (CH) =26/
T DA Z R = a OEMBAENED L TWD, OSRIZU T THEDbIN D,

CO, + 4H, — CH; + 2H,0; AH = -165.0 kJ/mol (1)

ARBOSIE, A2 WD Z & TRISOTEMHEL =R F— 2K L. BUC K o TROS Z et 4 2 B /e i
LD bR —KETHLH, WA X DO EWICRER S H, £ T, 77 A~ Lz N+ 257
T AR L > TIRIR FICB T2 A 23— a U AFEBTLHZLICHER LI, i?(ﬁ BIFLRER
PREIE, 1 EIRPEMEWZ & 20 ROSHEEARMBATHLZ L IZHD, ZNETOWIET, FEUET
éf’ﬁﬁﬁbwaé kfﬁ%iﬁ'ﬁﬂ”74’ FEHWDSZ & T, %#Rfii)dt%<ﬁﬁ*ﬁéﬂé’k75§§7\75>o7”:o sbig

5N E DT R L ORI SN D, REEIL, 7T A~V T LY AR5
< @Eﬁiﬁiﬁ)ﬁ%i@%ﬁb\ K VRMIR A X F— a VRS EAEET D LRIFFC, 0 A =X AiRiH % B g
L CHFgE &t 7=,

2. AIERE

gas inlet
(Hy, CO,)

AR Tl K A T = X 50 ELiEe 5 R4 15
5*&%9%&b SRR OTE AR 2 B O I 1 S
P WS LR B 7 AR C O EE AT
7x-?(ICP)za‘:FHu\7to Fig. 1 {ZAMFZETHW 7
TR KIEAL X — 3 VHEE OISR & T,

matching
circuit

A% 50 mm, NEE 42 mm OT VI FF o2—TWN RF supply

TFIA2YERENT, 7T L LT3 % %\/) .

DOaAf )R, aA/LDOFLG 10em FED .

DT T X~ NEIC GG O 4B Al 2 8 L7-, = | ALOs tube

- 10 cm

HAWT=&BAtEiX Cu. Ni THD, EBFRD/IT R
— % & LT, hEES % 400W, J£ /1% 100 mTorr catalyst
IR o T2 AW EIEL COy Hy &2 F4LF 741 1 scem, ;
6sccm“C EE Ui, AR 53 HT 11 DY E A T
BHREEZ N, A2 3— a VRGOS stage

%%%?%@&LT\GhW$%%DKO

Fig. 2 \Cf it U 3 L OV @ fikfit Cu. Ni %
Uz & & O CHy IR DO REMKAFYE 2~ Al
D= D e —F —[THWTWRWR, ICP 225
DA X - TEJE BT 300 ~ 400 CFEE &£ T
MRS LT B, — 7o SRR A C 1. Ni [
BERAZ F— g VITBW TR THD Z & pump
DENHIVTND DS, ABFFEIZIB W TIE Ni o g AR E ORI

QMS

Fig. 1 77 XA~ XA # 2 —
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N &> C CHy WERITARBEEE L OB 1T A EED BT, —J5T Cu il s V72 & X (22 Oh=RI T filft
HEfE T, Ni iiEeE FRF O 7 51 B L7z, 20X 51— i BB B & A 2h 2 fiifE N i 7r 5 = &k, 7
T A~ RN X B BOS OfEtE & BB EIC X B RIS ORED S A D= R LN R D Z &R LT
Do MR BB ER Tk, W& L7250 FHE(COuy Haay etc) MR i CEFZE L, MO MEdE S5 L-H
FOGHETEH D H3(ex. COu+Hag — COHuy — Cag+ OHug) 77 A~ fillEAE NI W THE R IR K (Hy) 23
EHLTND CO X CO IZRAHT 25 EHEE 22 U CRORMPMERE S 1D E-R SUSHEEZ Y 9 D (ex. COu + Hy —
COHy — C + OHug)o FEBZHMAR E LT COHy MAERR SN DB DWW T, L-H Kt & E-R S ZHi 5
EHAL T AN X2 —FHEHREIC L CEHE L 2 A, Cu (1IDFERIZT L-H K X piEMH b= 3L
F—13239 eV TH 72D, Hy 2 COua \[CHEEE 22T 5 E-R FUNITIHWTIL 027 eV E TR L 72, Zhn
T A ERICB O KR, T L TERE T THORBMEES NI ER THH EEBEZLND, 2D LI,
7T R A E IS B WO TR IR FE O AR, A MEIE T CORMRLRSUMEEDHEE 725 Z 2R LT
W5,

— T, MG, T2RbH C R CO DEELIISIZE T, FIRIESEOFEN, ER LI-PEeR ¥ v
O 2 FR L, WERA EOEEK L7220 5 5, Cu(11)EIZBWT, Wi L= C 28 L-H Ktz X - T COo
(272 2R, E-R SUGC K> T CO 22 2BRICEB T DI b= r VX —2 2 TN g —FEFHEIC L - T
HELZEZ A, L-H JISIZBIT 2B OEE LT RV X —13 1.25eV TH 7Dk L, E-R BUSMTEIT 5
AL DOFEMAL T RV X =12 0.12eV THoT=, 2D EiE, 77 A~ fA/EHIZ I TR LG D 4] 23—
DL 7B L ERLTND,

F72, A7t R 2BWT Cu fil A Ni i
Z bRl D1EM A2 U BRI, AR mic s i 7
DRSSy T O FE T VX —EICRRT 5 &
£2XN5, Ni 1 CHE CO, %0 CO 23R H 20k 6
ETHTOEMEY A S OWENELCRLT VDI
®F L. Cu il ECixz s OB bl s 5
THY, 7T ALY AR S NI ERED X
JSICFETE DAY A PR SST VW
OEBEZLND,

PLE&aEE 22 L, 1 JRAIRAKRFOAR, g
fa. 2. BRSO, 3. #EN S0 B il
BOER, NgEL 720 5%, ZhETOMZET, 1
BATA MRBIREWRAET HZ B bhoT
WHEDT, SHITT T X< MlfEfIC BN CAH 0 0 100 300
whip Bt ORBR i D & L b, WG t(s)
ZMHITAEEAT A b EOOHE, EETYA
COBREHED TV, Fig. 2 &4 @ fitliefl FIIRF > CH4 IR O IR R A7

—e—w/o catalyst |
—a—w/ Cu
——w/ Ni

CH, yield (%)

| |
200 400 500

3. BEXM
JREE fm 3L

Susumu Toko, Kosuke Takenaka, Kazunori Koga, Masaharu Shiratani, Masakuni Ozawa and Yuichi Setsuhara,
Effective use of molecular sieves for methanation with plasma catalysis, Japanese Journal of Applied Physics, 64
076003 (2025)

ERBERR

* Susumu Tok, Takamasa Okumura, Kunihiro Kamataki, Kosuke Takenaka, Kazunori Koga, Masaharu Shiratani and
Yuichi Setsuhara, Sorption enhanced methanation with plasma catalysis using various types of zeolites, The 9th
Asia-Pacific Conference on Plasma Physics (AAPPS-DPP2025), 21-26 September 2025, Fukuoka International
Congress Center, Fukuoka, Japan.
Susumu Toko, Kosuke Takenaka, Yuichi Setsuhara and Masakuni Ozawa, Development of an effective methanation
method combining low-pressure plasma and zeolite, The 7th International Symposium on Visualization in Joining
& Welding Science through Advanced Measurements and Simulation (Visual-JW2025) & The 5th International
Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), 1-2
October 2025 | The University of Osaka Nakanoshima Center, Osaka, Japan.
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GYBF  BREE - TR —APE B

BREBEHBERICEITIBRRAELDEEZNL-HREME SR

Wb RF&RMEWIIEET OFR %, &k B, —fTBH
HPEKY Jun Zhang, Yang Cao
NN e )55

Cooperative Magnetic Phase Evolution via Oxygen Spin Coupling in a Layered Metal-Organic Framework
by OHitoshi MIYASAKA, Jun ZHANG, Yang CAO, Wataru KOSAKA, Masaki MIMURA,
Yasutaka KITAGAWA

1. RREMEME

& JE— ARG (Metal-Organic Framework; MOF) (X, #&1 EORBRERT & Z LI A #L A& o8 CHill i)
T5HZLENTE, WEEEA N LToRIRBOET 4 ATaRIZ T 5 12, — 7227 A MRZ M MOF fiA Tl
HFLA~D T A~ OFFADEERI G L THIER, 50 ifﬁ?ﬁﬁfcﬂ%@]%’ﬂ}z WA A g & 2 ﬁ‘

THUTKE U, EREMED 7 A MR ASHRR IS 2 BRI U, BESURRT O ey 2> Sl T eE e b 2 e & 375
S oL, TOXRIBMEHIZAETITIHILA RS, 7 A NE & A8 T OB EBROFMIZ ST
VRN, ARAFFE IR, BB OR FLR y ZRISZABFLA~D O ZRIEDPACIAD D, A S 7 Y — L[
%ﬁfﬁ@ﬁ%ﬁ%ﬁﬁ&ﬁ%A@immﬁ@m%ﬁ%t R &%%ﬁbto;®_ki\®:§%ﬁﬁ
SRBEPER) 7R BRI & L TIR DBV, BB R A A O & IR IRBLAIC L DRI & i =
LTWAHZEHERLTWVD,

Electron Acceptor

ciron Donor

2. EAE
2.1 ﬁxm#t%ﬁ
EKWfge 7 —F 1%, BTG TH D L D L

[TCNQ) dervatives

T/E *mﬁﬂwv U A R 4R S A
L. BTrERMES T THD TCNQ (7,78.8- PRE T s
tetracyano—p—qulnodlmethane) BN DD TR :

SFBAE ZNETICRABL X (K1) 1% K
WrgE Tk, BG5S+ ([Ru(m-FArCO,)4]; m-

LUMO

MOT TAE, >0
Yes. AB, <0

FarCO,™ = m-fluorobennzoate ) & ¥ % % 47 - [ stote | . Emmy  F:RCOd TONGR,
( TCNQ(OMe)z = 2,5-d1meth0xy1-7’7,8,8_ emmagnetic

tetracyanoquinodimethane) ® D:A =2:1 tbins7p%  Fig L. TV RS K AL T = B T4
& IR SBR[ {Rua(m-FArCO,)s}, TCNQ(OMe),] (1) SRR L | =B Th D TONQ #E AN 6
AL L LCHWE S —ofvamit, # 2 b DRSS FHAa & BARARHEIC B 2.

T —DIREET, Tc=30K OBBEARTHY | = 7000
A\ SR FEE B9 AR VR 2B\ TN D = & A8 He=1000e =

1
[+2]
(=]
o
o
T

%50 ZDLEWM DT AR EREFT T2 A, &

&%ﬁixg&mFi(ax)&Mﬁ(m)@
%‘%iﬁﬂﬁkj_@ 2T WAETDH I Enbnolzs, =
DH AT TORIEMHTIZ HAKE) LTz, COx & Or 1%
I JE[E DO TCNQ(OMe), [Tk £ =22 fLicT ¥ v
ARNTDHEIICEBIRE UTHEMEL TV, Bk
Wz Lz, MFELEHIFIFABETHY ., BBEW
EIRIX, YA RNTZ7 U —DbEW 1 L HIRIX RS
ThdI ENbnol,

” @ @
< 28
e\ /\/
~ 26 7]

i 4
] 1 2 3
Periodical number

5000

4000 4
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Magnetization (e.m.u. G mol™)

Y
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(=]
=]
T
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o
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2. 2 ARABETIHITSWIEH Fig. 2. CO, 3 A (100 kPa@200 K) |2 & 2 Ré{b281k.
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A A TFREERE T, COWAER L 7 A K7 Y
—IREED 1 L REERREEM IO T ETH Y | HD
IRAEE RN A R L C Te = 24 K THEB ZE 2
L7e (B12), —J. O WAERHTIZROBRBEER (Ty
=28K) ~ZfbLiz (K3), O, WEERNT A R~
V=D 1 LREETHDL Z 2B 2L, 20D
TEMEAR DN & BORBE AR ~ DL, EAE %

LTI EAERICR D 2 & 2R LT
50 DFT #HIC LV, [TCNQOMe), Oy -0y
TCNQ(OMe), 1D ER B A G R L7 & 2 A
TCNQ(OMe), -0, FHIZ J=-1.0cm™, Oy O, fHIZ
J=-4.7 cm™ O BB EAER MR S, &
K& U CRORBMEMMNIRIEIETH D Z L3 bh-o
72, [TCNQ(OMe),---CO,---CO;--- TCNQ(OMe),"]
TIL.COL IFFEWMETH D Z & DB, TCNQ(OMe),™
7 VIV B 7o F AR IS HERR S 72 Dy
STz, THHORERIT, ERRFERZ L HBI LT
% (K4),

2. 3 RERMEBERWEICLIEIEIL

SIE O, WAE R % O, JF 100 kPa |[Z[EE L. 90 K
MO FIRBRTHELZEZA 160K 2B — 2 &
T HEEREMBENE LN, ZDZ &%, 160K
LIFT 02 MENEEROICKE SN TNDZ &
ZRLTWD, %@twlmKuT@%ow@m
FE (120, 140, 160K) TWOERFFGRIZZ 2, £
@%ﬁhiﬁﬁf&kﬂm%ﬁﬁ_&TM%%%
BA BRI (L S ETR R, WMERNEZ DI
DIVTHRBENEAR > B BCRBENEAR~, Tx 23 17K 35
28 K ~ LS BAT 3 A B2 b 2 B L 7=
(®5), Ziid, BERWAEIT > TARRT R
Wtk B A A MEB M RIRDOBERERF % BRI
T D7D THY . H AWK T 5
IR GRBRE R 2 - R ORETH D 5,

3. &EXH
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SYEF L BRET « AL —APE B

BIEEAA A SRR D - H DR - EHMOTE
(Cu-Co-Ti &% DR HTIET 5 ATREMRAER)

FAER=ZFREMEWIGET OT2 B
(Bl BIRATF: MEb= 3LF —5450)
RBRRFE A B ERT il Ao

Fundamental and practical research on high-performance multiphase copper alloys:
(A Feasibility Study on Microstructural Control in Cu—Co-Ti Alloys)
by OSatoshi SEMBOSHI, and Kazuhiro ITOH

1. BAREH

T, ETHEER CII/VRYE - mEREE A ROEICHER L TR Y, W CTHEH SN b — 8 o & ikRE L
DRDHINTWD. KR, BFFE T Z2HET 5B E CILA S 2864 TiE, B HEROELIC
RV, XD ECIREE, BN, WAME, TMEWER SR D I ENEHEEIZRS TS, —RIICHREAICE
WTCHRE LEEM T N L— R 7 OBMRICH 523, ITFE T, RIS EEZ 0L T, 2 bH
KA DR 2 WS S D80 D 5TV D, RIFZE 7 L — 7T, KT Cu-Ni-Al A28V T,
Ni & Al ORI 3:1 & 72 D2 BB OBRIZ, ZD0E& %2R EALAERZ IR NLEET 5 &, fec-Cu REFEHIC
L1A#3E (foc OBLAIMEE) 263 2 NAVRL F 03 BESHTH U, BEE TR (LA U5 2 L 2R L T 5023,
ZHUE NI EBEED vy v #lfk L EEOMEMTH S, L, ZOEERTIE, Bt b Cu FAHTICHY &
ONiBIOAI BEREICEE L TEET L0, HEEREMIWE W) FERD S

AWFFETlE, Cu-Co-Ti ZA4AIZHEHR L=, Co & Ti DRk % 3:1 & L7z Cu-CosTi A4:1%, Cu-Ni-Al A4
(23T D NisAl O HZEE) & FEL L T, fee-Cu FHH & RO TR EDIT O LIAEIEZ AT 2 CosTi hi 1738
AT T 24 E2 IR T D Z &8, BEFED Cu-Co-Ti — It RIRRER S FAEE NS, & 5IZ, Cu BHEICHKHT
% Co BIONTI OFEIABRIE Ni ° ALIZHRTIEFIT/HEI V. 2072, Hrissbicnz CEERO M LS
FFCED. 2O EMnb, Cu-CosTi H4idmiBiE & mig i rk 4 Je il 2 7o sl ae L e DRtk a H 3 5.

LML 5, Cu-CosTi 2@ BT 25 MZ0REERIX Z N E THE SN TE 6T, Z ORI H 80,
SREZ R L OMEEROZARIZET DI DN THSITHRET SN TV 2RV, £ 2 TARIFFETIE, £, Cu-CosTi
TR 2 FERIICHESE T2 Z LA B E Lz, Fix O EET 5 Cu-Co-Ti B4 ZiEL, B
TEME &SRR REIC I 1T DM AR T2 2 & T, REBRIOEREZRAARTZ. KIS, Honimiaiic, KFE)
HrHBAHIFEC & B AR OREHI X LT, ML —IhOBULEE 2 Jiti L, & O - BXAOFHE %2 Ll
T 52 LICR D ARESERITEBIT D EEBILEER KO LB Z MGt Lo, E72, IR bd I LWt o
FRRBLER 21T 9 & & bIT, MO T 2 550 L, BVLBRIZ M 5 FHE L Ofif B % 32 7

2. IERE
2. 1 HMERS L UFHEE

R A Cu- (0.5, 0.75, 1.0, 6.0, 8.0, 10) at.% Co3Ti & 725 6 FE D &4 % & FIRIRMIC CTERLZ. &)
RS AR BE F X OVELE, & BICHTELE A L, 7 D% A 28 L. BEBREEX 2B+ 5720, %
77, Cu- (6.0,8.0,10) at.% CosTi A& 22 EREAENE (DSC) ([t L, [EFHMRIS L OURFEHRIEEE 2 5140 L
2. EBIT, D H B Cu-8.0 at% CosTi A4:2%F LT, 400~1000 “COIEEHPE CHEMICET 5 £ TRFM
BB A fE U723 2 ERL L, 20 OEER A MERAEERHEEEICCGEHIILZ. 2k, Cuft
FHHIZE51F D Co, Ti O A4l EFE & O IR R AFPE 2 5140 L 7.

F 72, EIRED T8, KAHFIZTI80 CT3h OELEEAIT>7=%, KPP TRH L. T b % 450~650 C
TRV 2 U7, 3Bt OEER 2 MERAEERAE CRE Lz, S 612, REomEREE iz 2
72Oz, By — A0SR A £ L7z, MRREESIC I ERRE ST (FE-SEM), Jo3E0Af OfEFTICIE
B~ A 707+ 749 (FE-EPMA), fsbiEfsTiciXiEamE T BEMsE (TEM) 2w

2. 2 EEBRKEROER
Cu- (6.0,8.0,10) at.% CosTi &4% DSC HIE L7-#k %, EEEBHAGIRE XV d 1109 °C, EEREKE TR X
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1091 CTHY, b OIREICHE R AUKAFEILER 1400
OB T,

S 51T, Cu-8.0 at% CosTi &4 DIEHFS %2 400~1000 C
O IR FPH C, 5 R B AVLEE & i U 72 50N R L CEE )
RHMEZITV, B RZE L. 400~ =

;Li +Cu) qu )jqﬂCmTi} _

C
—
2
=
=

1000

1

Lig+H(Cu)+(CosTi)

1000 COMMFPE TIL, W LRIV, REOKEE 3 g0 !
PLENHRNT 5 Z LR s, 72L& 21, 500 CT = C :

= u +
TR 1T 3,610 Q-m, 980 C Tl 7.8x10%Q'm % = 600 (Cu)+(CosTi)
RLUTZ. PR OfED> S Nordheim D% VT, Cu
FHHIZ XS 2 (Cot+Ti) D Pl S & C (at. %)z H i L7z, m% 5 — 10 15
BLERIRE & Cu BEFE T 0O (Co+Ti) D A YA & C & DB CosTi/at%

FRAMRMT UG SR, C I3FEMOEIR B I AF LT L, Fig. 1 Predicted partial phase diagram of Cu-CosTi
JE T (KWK LT TFoR Tl E 7 (IR R?  pscudo-binary system.
=0.94) .

In C=-2428(1/T) +2.14 ... (1) L
Bon=R()iE, Cu-CosTi #it T RDEERERT L =
DTHD. ;’100
PR REE LB B L, Fig. 1 IRT & 972 Cu-CosTi 2 v
B TR SRR SN 5. Cu ORLAIL 1084 CTH %
D, Cok Ti MEAET 22 LICk Vst LA+ 5. Cu- 5 |
(6.0~10) at.% CosTi DE4HLHL TIE, 1091~1109 “COD 2 80
FaPH CHER HREINAN D, Cu BEFEH~D(Co+Ti)D

[EVAHRIL Fig. 1 RERES TR END.

—a— 550°C
60—+ Gij(i:'C
2 3 BMICELBSES. HEEOLI s '

Fig. | DIRAEX 2 #7401, Cu- (0.5~1.0) at.% CosTi
BATIE, 980 CTORMLMLELYE, 450~700 Cdh /-
D CHREHBLIE A S 2 L2 KV, Cu RHHTIC CosTi
AT 52 EN PR ENS. Fig2 12, Cu-1.0 at.% Co3Ti
42 980 “CC 3 h OFMALALELE, 550~700 “C THi%h 107 10° 107 107
B L2 L &0, KIREICHT A2y h— A S & Aging time, t/h
BRIGEROZZ R, WM OB O =13 80
HV TH -7z, 550~700 COWVTNOIEE CTHEE X235 Fig. 2 Variations in Vickers hardness and electrical
L b, Y —ZICE L% ClIil 81358  conductivity for Cu-1.0 at%CosTi alloy aged at 550 to
RMMTIETFT 5. #1Z, 600 ‘CT8 hHgh L7=alklCix  700°C as a function of aging time.
fESIX 105 HV & 25 HV BN L7, SHE ST KL T
(3 37%IACS T o727y, BPRIFRIE & BITHIML, ©— 27 & T 53%IACS &7x o7z,

50

b [Solution treated(980°C 3h) ]

Electrical conductivity /%ICAS

3.F&LEH

AAFFETIL, Cu-CosTi # TR EEDOEBIRERH ZIRE Lz, HBONTRERD OB RICKESX,
Cu-1.0 at.% CosTi B&IAMRLALERRS T O ZhBVIVER 2 it L, 8, BN, MRS o202 58 L
7o, IRRER OREEEIZ & 7- > TlE, DSC IZ &L 2 BWIRHE ORI A & BB R 2 E L, S BICEBERNE
MO EAERAZ S L2, Z08E, 900 ‘CLLEIZHWT Cu IR K TH 1.0 at.%0? CosTi 23 [EIE ATRET
D LRI, Cu-1.0 at% CosTi S L — R L7 & 2 A, ;IR RTE v I — A
S 105HVIZEL, 0L XDEERIT 53%IACS L2 o7z,

4. SEHE

1) SEREN, EEEEt, SERZ, WA, BRECE N, TRE, EAREAL, &G4, 61(2022) 34-39.

2) HRRBER, TEIR, ©ErdesE, silzbes, wiketh, oz, &6 4, 59 (2020) 48-53.

3) S. Semboshi, R. Hariki, T. Shuto, H. Hyodo, Y. Kaneno, N. Masahashi, Metall. Mater. Trans. A,52 (2021) 4934-4945.
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HF o BREE - L — AR B

T7AATICKYFGonTfzFe-Ng MFREICRITTESHEDTE
FALRZRBATRIIERT O/t HER, fim &, Mgk &%
RIRRFHEAGREIER 8 B, =k KA

Microstructural features governing the strength of immiscible Fe-Mg joint formed by dealloying
by OKota KURABAYASHI, Hongchang ZHOU, Yoshiki MIKAMI, Takeshi WADA, Hidemi KATO

1. BARE®N

AR O RER R AN 2 BRI T D ICITHAROBREAAKLETH Y | (kMBI Th I8kt~ F v T LD L
IIMBMEMB A AT D2 L CERIND, FRHCELEMEZ MR T D 72 OICTRE 2T AR D H i 503,
PE~ R0 MIMNEET DB DETH L, REICHIT DIHERISE2FA LA kA X
R, EZTEHRAIE, HBATZIOMESEET 2 REGRBOBREFIH L [TT7 A7) ZEARE TR
L., BHICBEATRRZESEARE 2B S8 5 2 L T, smEES 2Rz, T7uA v 23tk
Mz 2IRMEDEEORBRRIZE Y, B&THOREDOTREOAZRHEIELBRTHY | AT 2 2fE
&JE OB AL E FTHEICT 5, Wada H[1]1E, FeNi AiBEE &% Mg I8GITIRIET D & 548D Ni OANIES
IR L, FBAF L7z Fe 28 Mg A% Cillfoc &R 2 B Ok L L7= 2 & T, Fe & Mg 2 3 IRTTHICBEHEITHE
Ao BAMBNIER T2 2 & &M Uiz, s [2]1F. FeooxNix T EIE 2 W CTHll4 B T Fe-Mg #:4 %
TV P RE O Ni JRENE A - TPIREZRES T D2 EERK T THH Z L 25 Lz, RIFIEIE,
Ni 5 & Fe ZEVIWFET 5 Z & C Fe ol TOMK AR ZH 35 Fe-Ni BAER L, Mg EBAHTT T
A 7RI LU THEA L, MFOMMEIE - R L OAREREICI DSy Ialb—ya v
ZHL T, HABOESMHYRE V- i & kTR E ORI OW CERMZFHME 21T - 72,

2. IERRE

2. 1 FeMg#MFOIRTETINERBLVEREREICLIHB I aL—2 3

EHRAA L E—LEHNT Fe-Mg 8RR HEATA A LR, REDO 7 o5 E 2 TS L=,
Avizo V7 U = TIZRY | ZFNH AT A AT =X OEE DY - {1t - ERAEDEEITV, HFEO 3WoLE
TV EAERM LT, Fig 113, 850C, 1 RFfi BV 21T 572 4 umNi > & Fe & Mg fillcBW\W T 7T rA v 7%
T BOBEERED SIKTBETH D, A HEIZ Fe 38 L O Mg @ 2 N HGEGE I G - T2 A B 0 K
L7z, ZD& &, Fe-NiJgn»5H Mg NPT 72 Ni 1, Mg-Ni dL55 508 (Mg+MgoNi—Liquid) (2 X 0 ilAH & 7
0. BAEFOT VATRIZL > TESRmEIMCHEN S22, 3RIEET NV EERT HfRICHE T, #
BERENICTSWMEIZFEL 9 5 Ni OfFEITER Lz, EEEIZBIT 5 Mg O #IX, Fe-Ni @25 Bk sy
D Ni BIEFT D70, TOER L7 Fe-Ni JE#UE O Ni #HRAELIC LV, A RmIcER L EE)E
D Mg F43 513 Fe M 117> TR A Lz,

ZO3WILETNAERNT, AREREICL MBS I 2L —2 a2 FT L, TPICEL DGO
FIZ OV TR L7z, Fig 2 1%, fEFICRARBIRISHMMER L2 Sic ki 5. BEBOKREIZ )N DIe T
DA E R, BAEEE Mg M ORI (LT T aA 78y 7 LIES) (2B 5. Mg M X O Fe-Mg i
IS NEF R AL N, ZORRIT, Fe-Mg ffFICBWTT 7 A v 7 Ry 7 NibBWEFcH Y, 5l
HRARBRIC I W TSR AN i & 5 2 & 2R LT,

Dealloying back

100 *——so

20

80 Mg o
70 " Composite layer
60
50 .

40 ®
30
20
10 ®

Mg phase fraction [%]

® o4

0 2 4 6 8
Distance from Mg [um]

Fig.] A A4 B — L ERE FBMEZHWTER LT NEZ 7 7 4 BB O EOZE
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Cross section 1 Cross section 2 Cross section 3
ourts (Dealloying front) (Dealloying back)

et

Cross
section 3
Cross
section2
Cross
section 1

FelMg |
composite "x

o S, Mises
(Avg: 75%)
utTs +1.478e+03

+2.000e+01
+0.000e+00

Fig.2 I R5IHRIG TIZRIT D Fe-Mg Mk FDIR 1t~ v B 7

2. 2 WMFOSIRKARS & UHEMEOMBERR

Fig. 312 850°C, 1 BL 'S BEHBVLEE 21T 572 4 yum Ni O > & Fe & Mg fllcBWCT 7 uaA > 7 &{T-o7=
BOMTFEDIGH — O T ROl 274, ST Z7OTHIFRELE D Ni b & Fe OEULERRFRIA 1
K O A . BEEOMREN Mg R RE A ERIY | JREZRBEGDER TE o, —J7 T, BB 5 I
M OBAEIE, HKKFIFRIRE 88 MPa (Mg RHMFRIED 51.1 %) THRIEMEZE Z Lz, Mmook,
Fe fIOARBEATENEF L W= &
N NI T T aA o TRy 712k 200

180 | 4 nm Ni plated-Fe UTS: 172 MPa
A EICMgHE TR & 722 L BFRES —1123K, 1h

N, ZOEBEERT, AREREC 5w | —112Ksh Takorars |
- . . B 120 igame
v Iab—va s ffRE L 100 UTS : 88 MPa AFe

7o BULHRRE 23R < 72 % & Fe-Ni &
KO Ni BENHA L, 2D
Fe-Mg WFDOTF7maA TRy 7| 20
BT D Mg tHAFELEDT D720, [F 0

Tensile stress / MPa

— BV T Mg I B I5 158 ’ 1 Nzominalst:ain/% ) °

12 5T X BRI D /2 < A0 | B

EIRTFICoRBo-EEZBND, Fig.3 fkF O 55EIS ST — O il ds L Ol 0 < 7 = ik
2. 3 BABOE#NVBEREICSZ IHME T 00
BAROEBIRTRIECS 2 DHBOVTIETS 2T w0 | | suwmerare @8
720, NiHoZEE% 1,4, 7 um HE L., [AERICELEE % E% 200

1T, BARBIEED FeNi B2 ER LIz, FeNifgl3eT7 §% m * | ‘
TaA v s ERA D, HAROERE FeNi BoEsc i) 0 1 e 123, i
AP T %, AEATEESIZR L OO IRRIE T, AR 55 - Sl il
D oFe ) H AL M A XTHEELIEREES LikE 33 B 7 Nl Fe 123K, 3
WEEOBIRE Fig. 4 7T, BABOERRHMT 51> o grmH ™

0 5 10 15 20 25 30 35

Mo, JREEIT ER L7228, 1/d >20 ([ZBWCHRENSF L T
SBRNRA LN, ZHUX HEBDIERNY T A A by a-Fe ligament size I/d [-]

D 20 LA EIZ72 % & Fe ANCIRL A TZHEAT TR ——
SRR IZIZ E A ERE LN L ARIEBL TS, Thin Thick

Fig4 $EJE DIE 7 & kT3 OBILR

Composite layer thickness normalized

3. ZEXM

(1) T. Wada and H. Kato, Three-dimensional open-cell microporous iron, chromium and ferritic stainless steel, Scripta
Materialia, 68 (2013), 723-726.

(2) K. Kurabayashi, T. Wada and H. Kato, Dissimilar joining of immiscible Fe-Mg using solid metal dealloying, Scripta
Materialia, 230 (2023), 115404.
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SYBF ¢ BREE + mARNE BRI B
LEREBBREEAV-FE W A SR

RALRT: LAERseR ORI HFS
ALK &R R ERT 2 5o, X, Nk 755

Synthesis of New MAX Phases via Liquid Metals Layer Replacement Reactions
by OSoma HAYAKAWA, Fangzhou LIU Takeshi WADA and Hidemi KATO

1. BARE®

MuiAXn TEEINDBIRILEW THD MAX I, BB LT I v 7 AW FORMEEZ D, B,
ERURENEZR EITEN D, ZOFENS FE - BB~ OIS D 1 HE MAX FES B AR
TEIUTINE DT /3 ZADOMREN] EOFTHEEER A SN D, il MAX MHiIZv I 21— a3 TZED
FENTHEZ N TND 0, BEFOABIEOHIFINC L, RHE

BLO b ONZHAFAET 5 2, AL TIX, MAX HHE RO FTH B ;
fif & L CeBE S EIEOMLR) 2 IRET 5, AFEER—7 O eplacemen

ARBOGREE LTRELTE EBEBRRMELE | T o—— 000000,

HAL7ZbDTH D, LMLR 135 E DL ERG~TIERIE L 725 e000000 o 0 0 0 o o o

MAX HHZIRTE L, fanis 2 fERr L72 £ £ A o R 2R ,_55(;588_.. 00000000

SCRABELLVTEBET D ZETHH MAX #2525 o8 Ti;SiC, & e eeee e

(Figl), JCATHFZE T, 55E D MAX FH 4 BRI & B3 2 000000 0000000

z:{mm Y% MAX AHICEAT S 2 L 23 ST g 2 OO 00000000
3, ZORUNA T = X L& IR TH D, \ Cu-Mgizs5 S TizCuC,

Zliﬁfl‘%f“bi LMLR O[S E 2 LIRS AEA L. LMLR

e IR Y L - =
IR MAX FHOBRFELE LT 52 L 2 HIET, Fig. 1 : LMLR OB
2. MERE
2. 1 SiBBEICRITT MR EFHDOFE

HET T A= BEREIZ L0 TiSiC2 Z/ER L Imm BRI 80T L 72, 15 5 L 723U 2 3855 121218 LT LMLR 4L
BANE L7-, ABFIETIE, Cu DRSS T2 HIE LT Cu-Mg A4 % A=, TisSiC: & CusMgss I8
850°C, 950°C, 1050°C T 30 min JZi& L. Z OWiifi % FE-SEM |2 L 0 #2238 L ORI T 21772 o 72 & 2 A,
Ti3(SiixCux)Ca DAEFDRIE S 7o, FIRESIFIZI W THRA T & I L 728555, MAX 18 EP@ Cu A &I
950 C TR S F A BITHEB W T, &b WHE%Z R L7 (Fig2), Fig2 (&8I 5 #Htdh i
Cu(atm %)/{Cu(atm %)+Si(atm %)} D Z 7R $, & 512 850°C T 120 min @ LMLR fLH %17 ->7- & Z A, 850°C
Tl 30 min OB LR Cu & A &OHINA R S 4172 (Fig.3).

L, 08 08
= =
cg 0.7 D o7
jun }
r((Ja 0.6 - O o6 ®
. o No
ig 05 :t: 05
i 8
I 04 oo 04
EH' +<
0.3 EEP 0.3
850 950 1050 0 30 60 90 120 150
RISEE 1°C [ IGEFRE / min
Fig. 2 : Cu E# & OIR KT Fig. 3 : 850°CIZH1) 5 Cu (& #a D REE A7
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2. 2 Ti3(Si1-Cuy) C, DEEMN
BT T A< BEREIC X 0 ERR LT2 TisSiC &
CueMgs3 TAT51Z 850°C T 120 min i=21& L 72 30BHI &
L. 1050°C & CTRESSGHT 21772 o 72, Figd 2D 43
MmHERBD, FEECBWTHELREY—ZIFALN
ol THIZEKD RRFHIITEBWT
Ti3(SiixCux)Ca 1% 1050 CLL F CTLETH H Z & DR
ST,
TisSiC2 (Z%F L. 850°C. 950°C. 1050°C T 30 min
@ IMLR ALBRZAT > 723kt X 7 v fifRBlEL 217
72572, 950°C, 1050°C CIXIEEG Ry &tk & DBt
LN LN ; 3
iffg%éﬁ?%;j ﬁf;gfg;;ié;u g/[ ,;g) ?:}% Fig. 4 : Tis(SiaCu)Cs [2351F % DTA 4Bk 5
950°CC 120 min @ LMLR LEEE. . MR OHT 21T/ o728 2 A, RHFEDOIZE A LN TIC L0 eIz
MAX #H & & 2 DAL A EPTIEMERR SR o 7o, ZAUD ORER LD | CusMgss 1655 % V72 TisSiCr & —kk 72
Ti3(SiixCu)C2 12T 5 72O DIRFESAEIL 850CH1 6 950 COIIZH 5 Z & Mﬁu Shiz,
VL EOfEFR X 0 | Tis(SiixCux)Ca & LMLR #LHL A 950°CLL L THENi L 7235410, MAX G 2 R c& 72 <
IRH T ENRBENT, LN, ZHUL Tis(SiiaCu)Cz HIROEIEAREMEICERT 0O Tidze<l,
CugMgs TS L SND Z EIC L o TN EIT T 572D Th b B2 bILD,

Fig. 5 : FiREIZH17 5 LMLR LB % O X 7 miffkds L OV 950°C TRLEE L 72508t EDS v v 7

3. £&H

AWFFETIX, Cu-Mg IRATEY: % V72 LMLR LB LV TisSiCalZ 381 % Cu i@ HassE) I X OFHZE e % 7R
BEL7, ZOME, —EORESM T Tl —H7 Tis(Sii«Cu)Co BEKAIEETH D Z LR EINT, £,
FOSIRE O _EFITHED MAX FHOZZEMEIMET L. 950 ‘CLLETIE MAX FHOSMEIRE SN, 5%, 1E
RISUEL O FEM 72 B EE AT 36 KX OVABHH R OB SV TR 2D TS, S BITORIZEIT D LMLR 4L
BA W28 MAX FHE B DRRET BT > T <,

4. BEXH

(1) Md. Shahinoor Alam, et al., Royal Society of Chemistry, 14, (2024), 26995-27041.
(2) Martin Dahlqvist, et al., Materials Today, 72, (2023), 1-24.

(3) Oliver Dezwllus, et al., Scripta Mater ,104, (2015), 17-20.
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SYBF ¢ BRBE + ERLE—BIELY BE
(Cr,Fe):Ss L7+ 4 FMEEMDZEFLIRAIEFHH & AR

FALRZFZREMEIEET  OMEEE, F EE, ®5)IIEA
BIRRFEM B 2L X =28 T2 R’

JUNREFR B TAE0MEE &G, HEEEOTIEPH e Bmd B JILATEST
PEFELINFAWIIERT MRS, RIRFRZERE TAeRt AR AN

Controle of the vacancy ordering and the magnetic properties of (Cr,Fe)sSs chalcogenide compounds
by ORie UMETSU, Weida YIN, Masato MIYAKAWA, Satoshi SEMBOSHI, Noriharu YODOSHI,
Akira MASAGO, Yosuke KAWAHITO, Tetsuya FUKUSHIMA and Hisazumi AKAI

1. HAEBEH

ZINET, AE U b =7 2D 438 TIEIRREME IR DHIFFE D T T~ 7278, UTAE TIE B R R E =7 31
AZBNTHIE AT OO FHERBEONDZENMESINTEY[1,2], {EHEZED TS, Fox O V—7"T
I N—T A NTVEFIREEZ AL, 2 OB IR S CRAL DS 2RI SIS, SE MBI T RGP IR DR R %
17> C%, Zinc blende HIX° NiAs Bk i &2 A T 2BB & BNV 27 FAREEMICTT, B —JRBEFHEN D
— T AZ NI E T AREE G TDHZENRIBIIL[3,4]. (Cr.Fe)S (LAMIZEB W THERICIDEBEITo T/ R
(Cr,Fe)s6Sss DAAAL TN B D 52 2HE R 7 2 UREMEA R 282 M A LTZ[5], LInLeD3n ENTIEH 7205, AE R
NG ARG OF 2 AT L Qa2 end BULERIR 72 C O 7 a2 e i b 3D L BN o 7o, AAFIETIE,
EARBERE , 7D N AW T DIREZ RN LS T, BEEUFEIC T T 22 fLIR R O A ]~ 7=,

2. EBRAE

OEHE S0um FEE O JFEFO ¥y K (Cr, Fe BXL W S)%&
CrasFexSss DR ILICFRL, 7L AT TIEMIRICRIZL 728 Y raunkwa
D F BB Z2E AL, 1023~1423 K12 T 1 B L%kt
ICRm LT, b EHT X B RET(XRD) HIE T
pa A R EARIE ML (SEM) o= kL — 4§l
X #5reiE (EDX) CHREMBLEOM T2 T o7, mAER
B\ (DSC) MIE CEM L EMELZRM N, BEYE T
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E LTctk, field T 5 kOe DREY 2 FIAN L CIRERICH- - FRiRiEFe
Z A0 L7z, 500 Oe OB IR IZIHS W TRYEANFEDOME F
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3. 2 #EMEE OO
VBRI K D BREHEDOE N EHARD 20T, £ (a) 1423 K WQ

FHORED B ST XRD /3% — 12T Rietveld fi#itr — 800 Occ. (site 2) = 0.75 -
1To77, Co BERICTHIEZIT - 1= FNEF D5k O XRD /% § 822: g::: g; zg;z

B LN % Figs. 2 (a), OIORT, 7ok, fbricix g *f ]
Z-code % FIV2[7,8], LINIOBIER R TlE, AMLABOME 3 a0l BRI
WS 22Tl 2 G AT NiAs -IIEE Th 5 L BB Shi[5),  E — Detta

LZLed s, 20=20 " i TRl S hpEire—2 1352 £ 200¢ 1
micrskr s bocra <, Alams Nias Bossms 2 L L Ui e
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TR HAE L TWA Z L IC k2R FRETHD Z 200 L . . .

1 1
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N . . - PN © e
LV L7z, Fig. 3 I FerSsfbBMD 70 N2 A7 Thd 2 theta (Deg.)
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800 Occ. (site 2) = 1.00

ZLETEDEWVERHATE L L3 0poTe, 0 bFA4T

OREETIL, ZAPERICHANLL, FREDY A b2 EHEL | Occ. (site 4) = 05 |
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VL E XD, CraFexsSss DBHBIREDE N L > TEILOH g [ i
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BOND T EWBDo T, AN TERITHHIME L 7= Pyrrhotite 200 e
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Room-temperature Antiferroelectricity in Titanite (CaTiSiOs) Thin Films

HOREHF R ZC Weirong Yang
FORRHE R E P T2 B3 N

ZAN PN NS ST EE ST ot
WEREBSKF 7 a7 4 THE, ZC i OF: & i NA

by Weirong Yang, Taro Kuwano, Hiroki Taniguchi and OShintaro Yasui

1. Research Object

A major challenge in realizing a double hysteresis loop in titanite is the difficulty in achieving

electric fields strong enough to induce the antipolar-to-polar transition, due to its strong structural

anisotropy.'> In this study, titanite thin films (~230 nm thick) are prepared to achieve a high

electric field at low applied voltages. This study confirms the antiferroelectricity of titanite for the

first time using a double hysteresis P-E loop at room temperature. The antiferroelectric-to-

ferroelectric phase transition is evaluated under different electric fields. Finally, the energy storage

performance is assessed based on the different electric field-induced states of titanite.

2. Experimental Results
The X-ray diffraction (XRD) pattern of the

prepared thin film conforms to the P2i/a structure
of titanite without any secondary phases (Figure
1a). Raman spectroscopy further verified the
structure (Figure 1b), with spectra consistent with
those of the bulk material.¥) The morphological
characteristics of the prepared thin film were
observed by field-emission scanning electron
microscopy (FE-SEM) (Figure 1c¢). The cross-
sectional image of the titanite thin film reveals a
thickness of approximately 230 nm after 1 hour of

deposition. The surface of the titanite thin film is

characterized by densely packed grains with well-
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Figure 1. a) XRD profile of the titanite film on a
(111)Pt/(100)Si  substrate (*denotes substrate
peaks). b) Raman spectra of the thin film titanite
species. ¢) FE-SEM cross-sectional and surface
image of the titanite thin film. d) AFM surface
topography of the titanite thin film.

defined boundaries, showing a polycrystalline surface morphology. Some grains appear brighter,

likely due to their orientation or slight topographical protrusions, which enhance secondary electron

emission. These elevated grains are sporadically distributed and are embedded within a relatively

flat and continuous grain matrix. Atomic force microscopy (AFM) provides further topographical
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information of the titanite thin films (Figure 1d). The height map indicates a granular surface with
height variation ranges from 0 to ~26 nm, revealing a surface roughness of ~9.8 nm. The grains
exhibit a generally equiaxed to slightly faceted morphology, with lateral sizes ranging

approximately from 100 nm to 300 nm.
Figure 2a shows the frequency and temperature dependence of the relative permittivity (&) and

the dielectric loss tangent (tano) of the titanite thin films. Both & and tand exhibit a uniform

distribution over a wide frequency range, with slight fluctuations in the low-frequency region at

elevated temperatures. These fluctuations were attributed to the onset of current leakage through
defects in the thin film. The average & between 298 K (RT) and 600 K gave a peak at ~470 K
(Figure 2b), which agreed well with the antiferroelectric-to-paraelectric phase transition
temperature of titanite (7).>® Titanite thin films demonstrate relatively high & (~65 at RT) and low

conductivity up to 600 K. The permittivity of titanite thin film at RT is comparable to that of HfO»-
based systems (e.g., ~50

in ZrosHfos02”) but is (a) (b)
250 1.0 — N140
lower than that of (@) ] =y, «2130 [ (b)
200 | Jog [—3eK Tt
PbZrOs-based systems - % N
150 |- 4 408Kl HNqqol
) s 06 428 K % 165
~ - = L ~ c 448K - ~
(e.g., ~300 in La, Zr- w100 il 5| ek G
8,9 50 o4 wK B Of
doped PbZrOs%?) 1 ook G 80f
) oH | 192 | 55k & 70F
partially because of the —> 1 —s18Kk| S gl
- — 0.0 [—5%8K & PR R TP PR TP S PR |
T . 10° 104 10° 10° & 250 300 350 400 450 500 550 600
one-dimensional Frequency (Hz) Temperature (K)

displacement  of Ti Figure 2. a) Frequency dependence of the relative permittivity and loss tangent
atoms. of the titanite thin film measured from 298 K to 598 K. b) Average relative
permittivity measured between 10° and 10° Hz.
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Deep-Blue Organic Light-Emitting Diode with Extremely Low Driving Voltage
by OSeiichiro IZAWA

1. HEEHN

FH% BL 1%, @2y b7 XA NTEREENENTHY, HEILSLT7 LT LR ARETH D E WV I FEE %
ALTEBY, REET VERAY— 74+ EOT 4 AT LA TEMEENTWS, — 5T, & -k RO
KDO=ZFED S L, KbEWVWTRXALFX—2 T 550 EL B CiX, BEEIEEN 3V EERmWNT &0,
FEWEMELZEEMENZ EFREE 7o T D 12,

FTITHEHAIF, 2 MEOFEY TOREBIZBIT AT v 7ar "=y a ViBEEFIA LT v 73 R—y
=2 A% EL (UC-OLED) % BA% L7-, UC-OLED DY A I = A X%, FTHEASINIZE T L EFL (F—)
WET RFP—/T7 787X —73FORETHMEST S EICE - T, EMEE) (CT) KRB LV D FhEIRRE 2 I
KT 5, LT, CTIRENSETBEINEZ D, Fh—EHhc=@mEEFERE (T) M shb, Totk,
zo@ SHEIERRE NS, —HIE——HIEMEKR (TTA) XV E=rLX—0—EIHEFRRE (S) BNAERL,

BRI i?/l/ﬂ%—%%b KX OEIE R— X DL FAEEDEGEOLND, KA D=L NDEZ LT, i
KFEF ORI DOEETHD 1LSVELF THOARNZGD Z LTI LT3,

— 5, Hf UC-OLED O & L TR NEAN T o — Rk THEZ L ThHD, T4 AT LA IRHIC
M Cix, A7 MR CEMEOE L, DORBTZRLX —ORFOEZKELE TR SEILLERDH S,
% 2 CARBFECIEEH A UC-OLED ORYAMIENC T, T ORNAERET HE)E R— 0 Mo T, &
MENBWE AR E ER CTE DMEEOREREITo 72 4,

2. IERE

UC-OLED ([ZHW B R— 30 b & LT, AT MURPRRME QRN E LN D & L CInFEmMIED
HED LTV D ZEMLIEZIEAZFIH L7z DABNA FFEA (X 1) 25 HIciin Lz, ZofE5%R, Kk
DO VUFHER RS R—/ N e L TIATFE T L i L C, UC-OLED O#RHT23 8N L, 5B E T
N25VUEETERLTLED Z &b o7-, DABNA iFEKIL, HFNICE 5D ERIF 2% <
Gelmbimtt SEELE (HOMO) MEMBE, ZD7- A EL 731 AthTh—/L% b v 7 L, kil
EINZTENPEA LIEEEZ OGNS,

% ZTHT721Z DABNA #FHEAR LA U< ZEILEDRIC L VPR FORAER GO, B RMEOD
IR =V 22 < B H(HOMO)ER ARV QAO FEAEAZ A L. (K1), QAO FEIAIL, &A MMIETH
572 N7 UFHERE Y S HOMO MRN8, B Tk SN K — a2 v v 7 LR &%
HAFF L72, QAO BB Z R EHIZ K—7 L7 UC-OLED TlE, K 2a DX 51NN 1.5V T 6ars b
MWolz, FHANRT FIVIZEED 20~30 nm FRE & IEF ITHAR 72 T AR5 bz (X 2b), FRICBHFE L

= @QNQO
3 be %& QO
I o U CJ@iJ@
"§ 9¢ tB-DABNA  v-DABNA i z O O O”O
~ 1,2-ADN -5.08 -5.10
H| 888 SO B-0A0 02200 prQAO
+Z iRl DOHOMO -6.06 _-5.96  _-5.88
DABNAZEE (K QAOFEE(F

Fig. 1 UC-OLED (W 2R A b &Pt i (a3 K —/3 0 b 4y 1A, SCHk 4 DX 2 —EBckZs L CTHIA.
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72 QAO FHEIRD —>TdHh D TbCZ2CO % UC-OLED D K—s30 b & L THWESEAITIE, Bty —7 ik
R 447 nm, PENE 20 nm ORFEFENE G, EHERIIZES (CIE) 1931 RGB 22 /] A#E1%E1%(0.148, 0.07)
MR DT 4 AT LA HHETEH S BT. 2020 DFEITTVVMERE SN D Z RS oT-, BIKEE TOFRN
DAREZ2 728, K 2c D X H Iz, WHRE/INEEOTE 1 R(1.5V)E2 272 F 5721 CIHEEFAFELEEDLZ LI
Eh L7z 4,
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Fig. 2 QAO ##E K% H\ 72 UC-OLED D (a)dEHE—HEEERFME, (D)X AT L. (0)1.5 V DRz 1 A%
DRV TIRE 4 UC-OLED Z 3t SE =58, Sk 4 O &2 —HckZ L CHRIH.
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Ion-Exchanged OMS-1 Nanoparticles for Aerobic Oxidation Catalysis of Sulfides under Mild Conditions
by OKeigo KAMATA, Takumi NAKAMURA, Keiju WACHI and Takeshi ATHARA

1. BAREH
S I UR N EE 25 A SRl RN Rl RN 1] x Mg(MnQ,), [Previous work]
THFEELEE TH D Z &b, bt L L TIRIA BIES L - availabilty, cost

T3 5, HELAYMOBIRBLEISIZ V7 7 S 2y [ O KMno, v Sulele
IR  BIEMERPRIO AIC AT T 575, fikms 2 [LThis Worl |- SR’

W BRBE IR 0 A DB NS AR B EEARE L 25TV |_Mn(OAc), -\
%, ABIETIE, b RabA Ml H U@k (OMS-1) F 7 Mg(OAc), Ceacrwsor
KFEAVEALT ¢ BB LKA A W OBRILKIECD s
WCHET L2, OMS-11Z3X3 D b x4 EE2HT 5B TH

D, BEA LD - TR ARETH D 2 & D, BRRAE
MEFE LTHER SR TV 25, UL, SR KB HER LT
TRLF OIS L OHERREOIK FAE S 2720, 1 45k ¢ M
SMRBETE A EIR SN D LD BN B o T2, AR T, Mg OMS-1 ,
KMnO, % HUFEIEEH & L Fi U 2 M 72 BTBRARS S biic £ 0 | Figure 1. Summary of this study.
FHREEO OMS-1 F / Kif (Mg-OMS-1) &L, & HIZ b

Y RIVIND Mg> % 2458 3d B AR A 4 (Fe*', Co®*, NiZ", Cu?', Zn*") TA A U325 2 LT, filfiik
ReDm EafE L7z (Figure 1) %

ion -
exchange ¢~ A ’

2. IEAKRE
2. 1 fEOEREFYIIA)E— 3y
Mg DIF(E T, KMnOs & Mn(OAc), DFE{LIRITSUGIZ £ 0 15 5 4 2 IR ATERIA % & Lo /KIS O pH % 10.4
[CRHEE L7214, 200 °CC 24 BEEBERR 5 = & C Mg-OMS-1 Bk & 157, 1557 EHIH 250~330 m?
gl EWIREMZ T L, #EROKEIETHRK L7 OMS-1-HT (35 m? g!) & b~ CTRIE ki b2
RSz, 52, Mg-OMS-1 4%
il 4 B A BB R K i CAR A AL B
THIET, bRV AD Mg A 7
VELERBAA L ENEB SN, Fe-
OMS-1, Co-OMS-1, Ni-OMS-1, Cu-
OMS-1, Zn-OMS-1 235F 54172, XRD
R FTIR HIEDFERN G . WL
Bht, OMS-1 #5GD 3X3 b r/LAE
EITHER SN TERY | A AU RHIC X
o THEEZEAL DR S iz,

2. 2 fRERIS
INHOMENEHNC, FAT =Y
— )L DR EEAL S & REA L 7=
(Figure 2) . HEMRIESA: Tl 1L
TH9, Mg-OMS-1 # W 7254 ThH
WERT30%ICEEEST-, —FH., &R
A A AZH L T2 OMS-1 TIHIEMED K
< MmEL, $FlZ Cu-OMS-1 1E 74 %

Figure 2. Effect of metal oxide catalysts on the aerobic oxidation of
thioanisole (1a). Reaction conditions: Catalyst (50 mg), 1a (0.25
mmol), PhCF3 (2.0 mL), O, (0.1 MPa), 70 °C, 24 h. *A physical
mixture of Mg-OMS-1 (50 mg) and CuO (50 mg).
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ERWIEA IR LTz, Zn-OMS-1 $ iR EVEME 278 L7223, Fe-OMS-1, Ni-OMS-1, Co-OMS-1 DJIEIZTE
PEIFIKF L7z, CuO HARSS CuO & Mg-OMS-1 OMEHE S ClIEIEERT LR hoT7e 2 Enb, Cu' )
OMS-1 D b > RIVNIZIFET D Z & fliEiEdEm o Tchsr &2 oD, AFEWITIEL L TALERFY
RTHY ., ANVKDERETDT N Th o7z, MBILKFESCAERERIY &2 WD 0ERE & 1Z# 2D | K
WFFE TIEE VB BE LR INM: £ 70 F IR R D B U & 2R SUGSRME T CTERT 2 2 L ITHI LT,
£ RO O A BRET D & ROSAMEIE L, ICP-AES 4TS & 0 Il th ~D & B IR H A K H S 722
ST Z D ARIIARE)—RAMESSETh 5 2 L DR Sz (Figure3(a) . S H1Z, Cu-OMS-1 (34072 <
b 5 BIOFMEHE BIEECHEED AL EZ RIS T, BWLEEEA L TNDLZ LR LNE 57 (Figure
3(b)),

Cu-OMS-1 [ZF AT =V —npl @ ® o0 —
IDFFHREANT 4 RIZ b Al 90 - 9 |
ETHY, BFRGEBLOET 7] g o
KEIEAEHT D p-iBHUK, o-F & § 60 | 8 6|
O m-fEHIE, & BICIBISEDE 2 %] o o & %
WS T =L ALT 4 RicRLT ¥ :2 5 :g
HEIE - @RI A LR 20 Removslioficatalyst £ 0]
K& 5217, %< DREEIZBNT 10 10
80~99 %@”1’}2‘& 90 %JJ\J:O)X 03 8 1.6 2'4 3'2 4'0 4'3 0° Fresh Reuse Reuse Reuse Reuse Reuse

(st) (2nd) (3rd) (4th) (5th)

JVIRF Y NRIREAG O, BE T
W ASHO A SRS, &6 Figure 3. (a) Effect of Cu-OMS-1 removal on the oxidation of 1a with Ox.
12 AR X A v 7 ¢ Rlig{bLI#h Shaded triangles indicate the effect without the removal of Cu-OMS-1,
DAL HAZTH Y, 7/ and the arrow indicates the point of Cu-OMS-1 removal (open circles).
2 — LR F EF AL KFE DL Reaction conditions: Cu-OMS-1 (50 mg), 1a (0.25 mmol), PhCF; (2.0
oy TF L OW{EAE S 7 mL), Oz (0.1 MPa), 90 °C. (b) Recycling test for the aerobic oxidation of
Vo 7k L THIET D4R 1a over Cu-OMS-1 catalyst. Reaction conditions: 1a (0.25 mmol),
DEPCRTHRLONTZ, THHDK  catalyst (50 mg), PhCF; (2.0 mL), O, (0.1 MPa), 90 °C, 24 h.
JSEAERD OMS Afilfi L v 1%

IS TH#EIT L T V. Cu-OMS-

1 DEWEEEE RIB S D,

BOGHEAEIZ DUV TR, 180, 2 W R SEER S L OV Ar SRR T CORISZEBE NG, A7 ¢ FORBkIX
FATARER T O FRER I L - THEAT L, 43 FIREEFR 2N E T SV il 2 Frig b+ 5% H| 241 5 Mars-van
Krevelen ## CHEITT 5 Z LAVR SN2, S HIT, FUSHET O 0 EITx LTl o zg@h Z2 R L, o
PR LB REBRCE £ 5 2 EAVRIR STz, Hy-TPR 36 KUY Op-TPD JIEE DFRA 5, Cu-OMS-1 13
D& JEAZHE OMS-1 £V BRI DIRTHME Y | MEOBBEL AL THLZ L3mho7z, —J7. Mn @D
SR BP R AR R EIITRE RN R N hoTe, LTeh > T, Cu?EAIZ L DIEMER i,
Mn-O &1 Dl 136 L OMBEBEMEDOERITERT 5 B2 615,
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Oxidation Catalysis of Sulfides and Other Organics under Mild Conditions, ACS Appl. Nano Mater., 8, 8728 (2025).

(3) M. Koutani, E. Hayashi, K. Kamata, M. Hara, Synthesis and Aerobic Oxidation Catalysis of Mesoporous
Todorokite-type Manganese Oxides Nanoparticles by Crystallization of Precursors, J. Am. Chem. Soc. 144, 14090
(2022).

(4) Y. Yamaguchi, R. Aono, E. Hayashi, K. Kamata, M. Hara, Template-free Synthesis of Mesoporous -MnO,
Nanoparticles: Structure, Formation Mechanism, and Catalytic Properties, ACS App. Mater. Interfaces, 12, 36004
(2022).

(5) E.Hayashi, Y. Yamaguchi, K. Kamata, N. Tsunoda, Y. Kumagai, F. Oba, M. Hara, Effect of MnO, Crystal Structure
on Aerobic Oxidation of 5-Hydroxymethylfurfural to 2,5-Furandicarboxylic Acid, J. Am. Chem. Soc., 141, 890
(2019).
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BREEEAMBMEIZLDITVEZTERK
WHREIFERFE 7 v 7 0 7T EMFIEET OJF=Fn, Jing Yuan, fRFFESL

Ammonia Synthesis Using Transition-Metal-Modified Iron Catalyst
by OMiichikazu Hara, Jing YUAN, Masashi HATTORI

1. ¥8

T RS TIVERR 2 8 NN EE S, BRIEE: EoEE UTHEH S D NEOAETFICAR R R
tmchsr !, L, TOREIEEE SEORENPLETH YRRV —2HEET L0, KV
EMEREZR T B = T AR O BFE AR < RO SN TV D 2, ABFFE T, mtERE R SR Al B3 2 HAY &
LT, ZNETHER SN TR TLEEESE ORI RICONW TG Z1T 7o, ZOFEFR., Cr 2Lz
AL CILT =T AAAEED M TS 2 ERR M S, T, RISHIZ FeCrO4 ¥ = /L7 Fe Ri 1D
BEEZIHI L7 Z S ICERT 5, 612 K #E 7541 E LT Cr IRINERARELIZ AN U 7= A X T3 Skl 1
DRI 2 FDOIEM AR LTz (400 °C, 0.9 MPa),

2. HAREE
2. 1 Cr Rhnskfnss

R RTBRAR D FHRUZ T VT ik E Wz, EERER, IRIER S RHBIEL L O = VB OKERE T v
=T IKTpHO IZFHHE L. 120°C T Wizl L T2 7 V% 450 °C CHERK L CRIBMAZ 157-, fF O iL7ziE
LEERIBEAR 2 T B =T B Rkt T CiEnd 2 2 & T A2 1572,

KRB 48 2 IS0 U 72 Al D SORTERPE D FEBIZ 3N T Cr VRN L 72BN i b i s R 2 R Lz, &
=T, Cr iRINEkfkfE (FeCr) (22T CrifMOBRIZ OV TR E{T-> 72,

Fig. 112 0.9 MPa, 400 °C TOHMED T o F =7 G IEMEZ RT, FeCr OIHPEIZERD H DfilifiE (Fe-only)
Koy b L, TSR L RSO MERE% /R 7=, Fig. 2 |2 FeCr ® HAADF-STEM 143 X OVEDS v v B> 7
ZR9, S0nm FEED Fe hi 1%, Fe & Cr DIRE R 0378 L TV A& R S vz, £72, XRD /3% —
> (Fig. 3) £V FeCrOs DR S AL TV D Z L BRI 472, XRD /3% — 2 K0 B SN G D Fe D
AR TR1L, Fe-only Tl 70 nm TH 7273, FeCr TITM 40 nm IZIZ HNlz, T ORERNE | FeCr
TOTEMER X, FeCr04 ¥ = /WIZ K 5 Fe R+ DOEEDOIHICH KT 2 Z LB FHEEIND,

2. 2 FeCr ~DKFHMIZKkDEFHIEELR
FeCr |54 & LT K 28N L 7=l (FeCrK) 1X. FeCr X 0 &7 & =7 A RIEIEN K@iz m b L,

[
o

T
=
T .
) ' 4
22 »®
£ -
- 15¢ i
Q 1 nm
©
§"
g
= 5
: l
Lo
T
= 0
Fe FeCr FeCrK ;
ﬁ%ﬁ Fig.2 it FeCr ® HAADF-STEM 145
Fig.1 0.9 MPa, 400 °C T NH; & iE FOEDS < v B S
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TESRAE DK 2 fEDOIEMEEZ R LTz (Fig.
1,

KRN & DeERh R % | & A oo g%
b=V ¥ — (Fig. 4) & ERWHERINY
gt (IR) MIED HHEM L7, FeCr & Fe @
TEME b= L — 33| 50 kI/mol F£fE T
HVIZZEF—ThD (Fig.d), 7VE=T
A RARE 2 B TR L= 2L F— 1%, K
IFERE T o D Ny fRBEIC B2 = R L —
TRIND, ZO N fifBfElX Fe 225 No D
BAE A #E ~D B 7 5 CTEME S v, Fe
~OREM N OB I I >TSS
AR S v TS b= R L ¥ — D TF

30 40 50 60 70 80 ShA. ST, FeCritBUNTIE Fe ~0
EFITIHRERVRETH D LV B,

Intensity / a.u.

20/ degree — 75, FeCrK CIEIEHEAL = L — 133
Fig.3 4 Cr #WINE|E D FeCr @ XRD /34— (#7926 kl/mol) L, ZDOZ EHEMK
(Fe:Cr = 100:X) O OB GRS NS,

O &L, BFEWAE IR JPIENS L
HEND, FeCrK IZF1T DU Na 4y 1D N-N FE A ki3 A fEiES v — 7 1%, FeCr ®ZF LV bR
Ml~>7 F (Ly R 7 h) §5Z 03RS (Fig. 5), ZOL v R 7 ME FeCrK RHEIZBIT 5 N,
@D N-N &G FeCr REICHBITHENLIV LV MEBLTVWAZ EEZEHRL TS, 2FED, K BEFE@mIC
BIHGT 52 LT, BRSO TOMBEMEES N TNWDEZ EERELTND,

wH — FeCr I
0.01
_100F o FeCrK 5 — FeCrk
2 g 259 kJimol > N,
> 951 O ~ 5
5 ., ® @ 2072
£ e ___FeCr O |
s 90 *-...49.7 kJimol S \_/_//A\\/*-/"
- . ) 5 2358
= \"u..‘_
85 - =l Fe E i
“s... 50.1kd/mol < ;
8{}91?5 0.1I80 0,1;85 0.1I90 D.1I95 0.200
11000RT PR ST R N Y T SN SN T N Y W

2150 2100 2050 2000
Wavenumber / cm™

Fig.5 Ny W 5D FeCr 3 X Y FeCrK @ IR
AT RV

Fig.4 HIREICK T DMEEEDOT L =17 2
7oy MBI OVEE bR L F—

3. EXH
(1) M. Ravi, J. Makepeace, Chem. Sci., 13, 890 (2022).
(2) M. Hattori, et al., Adv. Sci., 24, 10313 (2025).
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Development of method for exploration of semiconductor and dielectric materials via machine learning
by OAkira TAKAHASHI, Wataru KUDO, Ren NAKANISHI, Ryotaro YOSHII, Fumiyasu OBA,
Yu KUMAGAI

1. BIREMN
WAEFEREE 7L Y XLOEABRTE Y | T - B OWEITK LT —REFHREIC LD ER & T &
DR CRBBNTYNEEZ R T 24 20—y RERPFREE 7o TRV . EERICE - TWE oW %
ferfik L 72 Materials Project Database ! % O KM /R GHRM BT — Z R—=ZR RSN TWD, 2D K H REHE
MEET — 2 X—= 213, Bl EOMMEEZ FFOMEZ RV IADBRICAEI TH L EELXBND, L LR
O, FHEXMNRELIILR LEBE T 2WEOR LN E-5E60, BEZHRTL-OICHE X oK
RETRENRE L 2 D581, ifmwﬁ_owf% JFEEE 21T 5 2 S ITHLEMN TRV,

— RO TIE, MEEE LB 2 E b~ T U TNVAAL T 5 ~T 4 7 AOHFFENE AT
NTEY, A Zx#EbO L9 7267 T v IRy 7 AR LD FEE O TETE O A R OB O BRZR 2N
W2 FERL, FHIET VE AW T — 2 X — 2 OWHRAIRITIC & 0 LR OB ORR EHES 2l it 5
LFEDRHEINTVD

INHEEEZ, ZKETP 3% v U 7 A RVE B O E TRIE T L A R NS 5|
W PRBR AP B 3 FE L O MERER I 21T - 72,

2. EMR
2. 1 BE-RBEHET IN—XEE
Materials Project Database |ZH#fl S 4172 FEREMEDD O, S,
Se DWT I EE L 4286 WE % k15T, VASP 22— R 2%
HANTE - FHEHREICLA2XF XYV THEDEET — X X— R
A LT, v U 7T HE EOFFEIL PBEsolP(+U% L% H
WTHEFREZFIR L, BoltzTrap2 = — R IC KV AMEE (. pvan ., — . RN
%*btoitAyF¥¥y7%%1ﬁ$$Wf&mﬁ%ﬁ TR SRR .
[C L DIEHCERUEFIRIE C 2V, BONIWIED S | e , ul miose -
% Fig. 1 lOR7, 247 :

BFOHEES(E AN
LOBMEE(FRATE

0 2 4 & & 10 12 HdVJAeamn
Ny RX vy 7 [eV]

Fig. 14286 WE O F—FEHE N AL

10930 (m " /mg) from AUGNN
E, trom

2. 2 FRAETIL
AR TIETRET MELEFELE LT, #EAEOERE -
H‘ybﬂﬂf; 77#3_7/1/2‘ ]\Ub—ﬁfﬁ)é\ AtOmiStiC 20 R*:0.66
Line Graph Neural Network (ALIGNN)’ ’EFH Wiz, =2 —F /LR oy
v MU — 7 O JE & 5 R R I C 15F (W VA Ol N S il
?/7%£ﬁ%?)7ﬁfgiuﬂméﬁf%M%T”%% ol %
7’f'€L/7L;o fcﬁk#‘? ) Tﬁ%jgé \—OI/\T i’fﬁ’% IE?U\—’)I/‘ e -1 0 1 2 4 6 8
e 16 (" fmy) from DFT £, from DFT
TRAINTWDHDOT, ZHUISCTTRET VS 2 FEEHD Fig. 2 (a b) BIANEE - v FEv v
QHITETNVEHE LTz, F8,. Bk, 7 A T —X O BhL o
TFRET N, (c,d) EAAHEE - N
ILZENZI 80%, 5%, 15% T D, Fig. 22T A T —H DT

- gt g . , B N o Y T TRET LD (a, ) AEE
ﬁgiijzz) N " '@“ﬂ@%’fﬂ/ %lﬁ{[ﬁk’ﬂ/ T%%Ez’ CE (b, d) /\/ }\3’“)(, /70)%(ﬁlfﬂ:%0

4
2

00 2 4 o L] 10 12
(d) £, from DFT

12| R:0.96
10/ RMSE:0.50 -~

n*ime) from ALGNN

10 12

2. 3 BRVIalL—vav
NURE Y TP 3eVELENOQ@ETANEES moLL T, (b)) EALANVEEN 2mo L N &R 5WE % BAE
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(3) QIZHES = 10 WEEBEAT — X1z
%o (1) (2,3)DFINAAEY S, 72 THI
DAHEEMIT deep ensemble (2 & Y FF-AH L 7=,
Fig. 31TR"T X IIZ, T H L9V FF
Yy T DOREBELIZGA XD b RIBICHE
25 RSy 1) i o By

= anf

SHERLTOREEE

2. 4 FAETIIZEDWNE=52%E

2.
U7 A hE &l ﬁowff B R_— 2% 96 DYBERETSY
Fig. 4 \IZR T L 012, EAAREE

Cluster # 57 (n=34)

Fig. 3 (aE FAVER, b)) EAAGRE
RELFEERY I 2 b—3 g URER,
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El
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i RPAE S LR

N RXy o TExy

T LT,

LRV RE v v TOTHRIETT DB
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Fig. 4 N2 FXy o7« EAAEETHET /MTESWOTZWESEOH,
3. ZEXM

(1) A. Jain et al. APL Materials, 1(1),
(2) G. Kresse and J. Furthmiiller, Phys.
Rev. B. 59, 1758 (1999)
(3) J. P. Perdew et al.,
(4) V. 1. Anisimov et al.,
(1998)
(5) G.
(6) Y.
(7) K.
(8) T.
(9) R. Iwama et al. J. Adv. Manuf. Process. 3,
(10) A. Takahashi et al.,
(11) A. Takahashi et al.,
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Rev. 100,

K.H. Madsen et al.,
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Hinuma et al., Rev. Mater. 2,
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YVl NDOIEO T TIToT,
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Choudhary and B. DeCost, npj Comput. Mater. 7,
Kishio et al. Chemom Intell Lab Syst.127, 70 (2013)
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arXiv cond-mat 2510. 17123 (2025)
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Creation of catalytic functions through local structural design of crystalline complex oxides
by OSatoshi ISHIKAWA, Hiroki Numata, Michikazu HARA

1. BIREHN

T EF R L A I IR AR 2 8 2 DR EE 2 A L, BN citiine 2 ~d 2 L TMmbh, ZhETIZS
FEERTET o EATHWONTE 2, LML IS OB ORIFIIHoICB S Ty, =
UL, 2D OMEHZ B W TREHEERS L OB AREIICARE TH Y | FFE OfEIE MG ICB 3 5 1%
WA R T2 2 E NN CTH -2 2 LICERT 5, ZORMEE, Allkern BICE T2 P OMEITR
@R ECHY | AETEE S OBEHRIEIIEKARE LTRETH 5,

ZOBEITK U BAVIMEHERZ D D EFFEFTT D E WO HiTe T e —F 5B L, BRI,
iR A A o % Al f i ORERCHEANL & U ClLAAA TEREREE AT b 2 SR L, AL - BEEDBE TH 0 72
DN OHEN T fENE 2 R T AR OBEICIR Y AT, TORR, =47 & 558 &+ 2 mEmER L =4
THEAWAC OBIBUCET) U, AR B ER OB EF R A v B 3~ 5 Al B RE 2 B+ 2 Z L A R L7,

— Simulation

— Experiment

— Diffenence

— Bragg position

2. IR
2. 1 #HEEMEEmEBE=AD
HEABILY DR

WilE A A PR OA R
ZHIET D Z LT, 2 FOR
s tERER L =4 7 ALY
DOBFICKD LTz, 2D H b,
1 Fl IS XRD 732 — o 7
E OB B D WX
H Db DOOREENRE ST

Intensity (a.u.)

WRWETHY, b 1 FE 20 40 60 8 100 120
IEHHRpE THoT-, b 260 /degree (Cu-Ka)
DT E Nb04SOs DFLEL  Fig. 1. 0-Nb,0,S0, O Rietveld St B, A, Hikfaid 3 2B L1
TH Y. oICRIER R HEE DDNEEA A LGS LT Nb 2R T

LTV Z &b, L

ﬁgk%i Ej’béo :Z"L%@/ﬁ'f *Simulfation
GG % | XRD /82 — 25 oot

Bragg position

3 < RENFE MRS MATIC LV
R L7z & 2 A, LARINC Hafi
WP iRE S CW R I
EHRICE L, FEmE
HARRIZEB LT\, 55
NlfgEE H 05 &
Rietveld fEHTIZE < UK (Fig.
1,2) L. HAADF-STEM Hl|i&
Tl RS sk L2 R 7
EeSIN BRI <= (Fig. 3),
LR, 260w EIZLLT,
0-Nb,0,804 ( H 5 &) .
m-Nb,0sSOs (HiRldh) & RKiLT 2,

INHOREEMEE X, WD 4 DO Nb BER KNS Y 7 7 O EFHIRICHER L7z = > hOELY]
WLV S TERY, ZOERFIOEWVICER T A2 HEELETH 72, ZDH 6, ==v ~MH?d Nb [T 3

Intensity (a.u.)

L% i\ A A

ML
sbopaa bt bt Lo te s Lo b aa s b g a gyl

10 20 30 40 50 60
20 /degree (Cu-Ka)

Fig. 2. m~Nb,0,80, ® Rietveld fifdT#E R, /Ko, Bfkfald 3 DB L1
DORREA A LG LT No 2K T
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DDA A2 & N 2
DSONbIE 1 ODRREEA Ao &
BEKG S 2 E CREXETZ A L TV
72o IR JIE T, 1000—-1200

ZHRERA A D S-O fiifis
IRENZ I 3k~ 2 W S B &
AU ZAU D WRIDEAE i IE LS
FS< DFTREAEIC L » THE
S<HEHTE, DULEoE
NH, HRWEEED, 2 M
DfEMTE Nby0sSOs D E RS
KOV ST Ik L. & ;
b Ay Fig. 3. 0-Nb,0,50, (a) 3 & U8 m-Nb,0,50, (b) > HAADF-STEM f4.

2. 2 [FEEAREEM
15 5 AU 7= A ME ND204sS Oy A FH U T IR b I I A S ffi )\ >7 4< * HO
L7, bt & U<, @it & U A< HWH T 100

WHEK=ATH (NbOs nH.0) 35 X OWiERHLEF =4 . o- Nb204SO4
7‘@?%% (SO#/Nb0s) Wiz, BV Va7 m— 80 B : m-Nb,0,SO,
HFE LTHWERE RICED L. Zhbofilii: [ @ : SO,Z/Nb,O;
b‘?‘i’b% Bronsted [i# (B #2) I X0 Lewis 2 (L %) A NbO5 - nH,0 /g
EHLTWDZ ERgholz,
ETVRIAA Y T a8 — VORISR % FEE L 7z (Fig.
4), TORIRIZIT, 200 °C LA FFEE ORI CIE

60 |

2-propanol conversion (%)

e B LCBUSAERT S L B ST g 2 O ‘
4 THEM S NZIEEITEIC B BICHEK T2 EE 260

%o ZORISIZBWNT, AEEHEIEIZ X 59 Nb0sSOs I3 20} ]
BRI OMBEEEZ R L, Z OIEMEIEL SO /NbOs & [Fl1%
Chotm, S b OO REIL LR LT . "
Wiaied (FR1), REHE7ZD O BERIGIEILZRZE & 2 140 150 160 170 180 190 200
HID. —J, NbyOs-nH,0 (FFE & L~ L < &3 Reaction temperature (°C)

EIRND | RlEA v EE (AT T

BRI L LTI LT L B 2 51D, PE. BUBZME: MR, 0.10 ¢ RIEH A, A
GENT. TLT T e Y F ) — LB D V7 masR ) —)u/N, = 1.0/20 mL min.

TG T T V2 U ARG E E i LTZ, 2O Table 1. 4&filfifio> BET REkH & O o7 L =

JIETIEE T, LB LT MPV SOERHEITL, ERL U o R RbHE R

R (7L 7 U LT L a— LEER) B it BET % [ f# AR (%)
TT7 =zl AL S, isopropyl levulinate (IL) 73 (m*/g) IL L [ Rl
T D, ZNOOMBEOISHRZ R 1 1777, 0-NbyO4SO4 26.0 44.7 5.9
PRl b e~ SR S PE NbyO4SO4 1TV b B L m-Nb204SO4 20.5 41.5 5.4

. ; S042/NbyOs 26.4 13.8 57.1
Z B34 N Z B ey : Z :
7o IL R ZR LT, BURIRWZ &2, 2 b ofih NbyOs * nHLO 162.8 20 56.0

BLIFEELO B BTG 25 5 S04 /NbOs & T I = —— e
BB ANCHE ILITHER LT, ShoOBETE. g e o 5 ot
e C LEE & BEAD BRI E DS EFTE > THIBE  1.0/65 mmol.

SNTWDHED, ZNONMHBICHR UIAEAERN « L7 U AT La— LB L OFOFEROEE.
BHLIZEEZ Eﬁhéo PLEDRCEIZ, St o

JRPTEEHIENC K 0 | BEROSIZBT 2 AR RE 2 RS RUC S T & S EEE A R LTV D,

3. EXH

(1) W.Turek, J.Haber, A.Krowiak, Dehydration of isopropyl alcohol used as an indicator of the type
and strength of catalyst acid centers, Appl.Surf.Sci., 252, 823 (2005).
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Search for Materials Exhibiting Unique Temperature Dependence of Thermal Conductivity
by OKenta HASHIMOTO, Suguru KITANI, and Hitoshi KAWAJI

1. BAREHN

HRE e = R X RIS T DDA R LT —O AN EER I CETND, TOFTYH
BOmMNEFIEHT 2 Z I3 r VX —HEZ T 5 ECHOEERPEL 2o TS, T E TARIZE
OIS E ST A AEE I L > T SN CE 7203, MELE & TN rrEic i = x L F—HE &
DORERLHIE L HFFTE D, Fex X2 0EMHEE LT, 2B A2 OMELZALEHL TWD, B
BT 7+ /) U BIWMBEE R EICEVAELD, ZOFOBEBAPYRERIT Wiedemann-Franz AliZ LVIEER
(RERLIREOREICHHIT D, Lo T, @R-MRKEE L2 6T 2MEOEFAERITHVERRER
EEOERS B TE <, RIEMEEAHE IR 2o TWnE, Z07d), REZEREFE UEEEZRT &
DTREND, ZNETOMENL LB Z XSS EE NIS 2 ETIETAEEY ORI ENERT—HT, Wohn
OYE TITWIC B2 5 EBMREERNK T T 5 Z LR LMNIR>TETND,

A RN CulraSa 1EE D K 5 I Fp R e BYRE R OIR AR FIE A R TWE CTh 5, CulnaSa 3 230K fF
T CA R - 2Rk U, ARIEAN AR CRE )M CRiRAR I BAE & 725 TV DA, fiikmmn 64
BFZAHES S 3 D RS BMEE RN K E T2 19, Ziud 7 + / VEMREEN B TR NS < 2o
TNWDHIEEEKRLTCND, 22T, BxIIZOBGEMIT 572012 14D Cu ¥ MM 24> Zn % B2
L7 DR DTN E R, BHRENSIEZ 5100 C, fHEEBIRE I XRIRAIC B L Cfl Siy, [FIRFCHE%
Fi B & BAICHERRE T DB OBMRE RO WME L IZELS 2o TN ZEEHLMMCLTE R 9, 72,
&JEM TOFME 35S MO Ir A b DO—E% 44D Sn ZEH#: LI25A 120, MR I TEM 22 b2 R
T, MR OSBRI DB OBMRE RO N ER L, W 2Em 2R~ 2R L
TW5 9, ZOHATH 74+ /) VERERIISBERICHES T 2B 9 528, BRI LD Z ORI ER
AN EL R BFAMREROBIN S 2 T b T Z E RNk 2 E &R L TWD, TRHDILER
BT Z O& BRI 2 IR L T D B2 N AHEA BHEAZ RO I (5d°, KAy S=12) EEE
bz ltEZLND, LMD CutA & 2D Zn ZEH L7Z5A120 Ir OFEAEEDS 3 oS &
I OFETBY R BN L, Ir A MZ 44D Sn Z &L L 723556 I3kt i) 7e i &35 L Tnd, 37720
B, BEEMTOT + /) UBMRERNIEFITIEL 22> TOW B FEKIT I o#uE B B E SRR L7-fuEd 5 Xz
BIR LT D Z EMRBR S RIB X7z, CulrSs 1T @FH Tk I35 & A 2p g 208, (KIRMEIAFE Tix I’ & r*hic
BT BEL, SO 2 BT EER L TWD, ITHEOHE T, £BMATH Figl IR T X )72 &
REFERTOTHANEAET D ENHLNIR->TERZ 9, &R TOT + /) VEMERNPIEF I L 722
STNSHZ L OERHEICERN L-#ED 5 X1, 0 2 BEREREEITOTA%28 0 TERLT
WHELEZLND, TIT, KIZ Ir OO MEE 2L &+

B k<, 2 RS RFTOT A2 B S0 5 2 L& BT 11 )
O Cu %MD Ag TEME LBV T HH~E, Foicds - @ I35+

LT3 L) IR Ag BHIC LY, &JR-HMRFEEIIH S h, 05
FIFFICE RSB CO 7 + /) VEMRERO K E 20 b IH Sh 5 :
DEERMLIED, Yo b TR0 PORMBKEREOT | a
Ir A4 BERMOMEIZRESZELTWRNEEZLNDH, I-Ir Vi@ 53 _

FTBRE L Ag BHIC L 0 890 L CHIAAERI AL L, 2 BARTERLASHH % K’"@

HENDLLEEZEZOND, 202, MiBERHTOY 4/ VERER . )
DRE 72BAIE 2 RARIERRE R AT O 9 2 N PR\ Bk & ™ : 2X
RELTOWD ZENMFRENT, £IT, SEITEA A Th B
%S % Se T L7 Culra(S1aSens [o oW T &7 5 77, zﬁaiémﬁﬁ%%%Uﬁﬁﬁﬁ

7/
2. HIEAR
Zifkieh Culra(Si+Seds 13 x=0.0,0.1,0.3,0.5,0.7,0.9, 1.0 Okt Z, (L¥EFRILO Culr, S, Se HIRZIEA L,
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BFAREREZZ LG WTROLE T+ /) v EBYRER
Fig.3 (TR T, ZOKMNBH B2 X 9 IL, MukaiEmn s 4
BABCAREERE T D RF OB E ROV R K—T 12 LD
BT LTS, ZORDEWZ B EOBL RN D
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FRefi] % Fig. 4 ([T~ 7, MM OBRIESICERE 35 &,
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Control of oxide surfaces and their application to acid-base catalytic reactions
by OTakeshi ATHARA and Keigo KAMATA

1. HEEH

B - AT, A bR - A A~ REW - T A T I ANVAER R v —D 7 I ) YA
INIRE | kAT 0 ATHA SN D EERERTH D 2, —RIICERE OB F 4 3R
ELT, MHFEA A NIBIEERAE L THIEET 2 20N MbNTWND, TORORBEOEEREL, B -
FEMBEETEZ G2 ECHEFICHEETH DL, TRETHRAIT, L EBEBLZ AT OO0 7 214
MY (—i 4BOs, A 1 13 1RE R, BITEB®R) T/ KA OGICHE) L, £ OlE - M AT 2
BREt L C& e, FTHLF X UEEA Fr T UL (SITIOs) T ki fix, > 7 /7 ¥ U HABKIER Knoevenagel ifi
AR L TEmW i E 274 2 L A R LT 5 34, ARE I Ic B4 B %2 F—7 L7z SITios 12
FHEHL., F=7@BENEE - HIEEMEE 2 O ARSI T 2 MiEMEIC 5 2 2 B2 LTz 5,

2. MEHE
2. 1 BESEZF—JTLEROTRANA FBEIEYI T/ HIFDERK

BFiGEEY R—7"Li=Xa 7 A4 Nk ki - OaKIE, VR BRE O V- B ThE
% L7zs Ti(Oi-Pr)y « 7V 0 U G @ERRYL - 7 v 0 ) &R - U o I - @i bk 2 KRR L.

R WL[E AT D 2 & CRIBMEOM K257, BF oMK% 823 K TS5 h 22Xt T 2 Z & THROME
ZfF7c, Figure la 21X, 7V,  (b) 3925

V& JE% Srilxf LT 20% K—7 | 1000 < .

L 72 # Bt (Srogd02TiOs5) D = 3.920

XRD /8% —2 %7, 2ToM & = 3015 **

B o |l 1N X — 2 1E . cubic E- M - i ®

SITiO; (ICSD: 65089) Ll & e §ag10

THY, EMRmORERE: E o—— e 8 1 ®

Y ORI KT B3 — LJ‘%MM § 305 @

IR &7y o 7=, Scherrer 3 ‘ ‘ ‘ “ ‘. ‘I — 39007 —
ERCTHIELT (110) # O 10 30 5 70 90 075 100 125 150 175 2.00
paFEIE. WThoMEHZ W 20 / degree lonic radii / A
THRE (2831 nm) ThH o

7~ Rietveld fEHTIZ X W k724  Figure 1. (a) XRD patterns for Srosd’02TiOs 5. The pattern for cubic SrTiO;

AEL O ERL, ST Ah
V& @HF A DA F L TD
22100 U T2 b L7 (Figure 1b),

(ICSD: 65089) is shown as reference.
constant and the ionic radii of 12-coodinated alkali metal cations.

(b) Relationship between the lattice

20% Rb % R—7L7= SrTiOs (SrosRbo2TiOz 5) (29T STEM-EDX 7 %47 -72 & 25, &It ivki1

BRI 208 L T D3B8 S 7= (Figure 2a—d), & 512 Rb K-edge @ EXAFS R/ X% — 1%, Ti
K-edge £ U & Sr K-edge D /3% — AL L T2 (Figure 2e), LA EOFERZBERINTHE L, 740 Y &)
AFFH AL St P A MIE—IZ R—TENTWD EHEL TS,

2. 2 Knoevenagel fi& R IZxt 9 5 At iE 4

G LT v ) &E R—7 SrTiOs 7/ ki1 % T, ethyl cyanoacetate (1) & benzaldehyde (2) @
Knoevenagel i & St & fiat L7z, SITiOs 11E & A EIEMEEZ R & einole—FH, TABVEBRO K—712 LY
s PEIZE L < I E L7 (Table 1), 1 CH Rb<° Cs 2 R—7 L=l i3 b @V H AR (3) INEE R
L, 7AW Y)&EO F—7 N IEMEIEIEOm RICAZ Th 572, SrosRboaTiOs 513, SUSH T ICIE@IZ K&
D BWGZoEE - BN FAIRE T o 7o, EIR L2 BAIH Lz e 2 A, EEOR TITMR IR o T,
72 BEOGHIE T D XRD /& — AL B S e o 1o 2 L inh | A RN E W2 ENE - BRI MEA
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Y EDER ST,

: Table 1. Knoevenagel Condensation of 1 with 2 over
(@) SrL Rb K Ti K Sty yRby S TiO; 5
20 nm NC” " SCOOEt + Ph X0 —  » Ph/TCOOEt + H0
= 1 2 N 3

A e
. o 1 St sLio,TiOs & 8
Py
RWAVIN L 2 SoNetOn
=5
“x 3 Sro_gKo_z-rlO:;_(s 32
AN/\/\\JMM 4 SrogRbg 2 TiOs 5 59, 99,699 ¢
. w ‘ ' ‘ ' 5 Sro8Cs0.2Ti03_5 58
4 6 8 10 12
A 6 SrT|03 3

@ Conditions: catalyst (100 mg), 1 (0.5 mmol), 2 (0.75
mmol), toluene (0.5 mL), 303 K, 5 h, Ar atmosphere. *
24 h. < Reused, 24 h.

2. 3 EEMBICHTEIF—T2EUR
THVEBO R—F10 X AEER FO A = X LNEfRET 5720, BBESFTH5D CHCh &+ 7 r—

7 & LTeAE IR PIEZEIT > T, C-HHMEIREI DS RALEIL, 7B V&R F A4 DY A XS U TR

B 7 ~ L7 (Figure

3a), T OFERIL, HHLH T (b) 13.0

FE D #INIC £ > T C-H joos N | .

DR LEZ E&22RL

TW5%, Figure 3b (21, 10.0 ¢

HEE £ 1 U o0 BRI ::j;;\\\\\“
M (X — A — N — _/\
_/

TOF/h

Ff TOF h'') & C-Hf# &
AR E) D N> RALIE D 1 *e
B 2T, W ORI — 00+—@
FIEDOMBNAHERR S 3100 3000 2000 2800 3000 2975 2950
Tl b, B R DR
FE O () S ik BE R o
mEZHFHGELTND Z
LHERLTWVAD,

Wavenumber / cm |

3. ZEXM

(1) H. Hattori and Y. Ono, Solid Acid Catalysis: From Fundamentals to Applications; Ist ed.; Jenny Stanford
Publishing: New York, (2015).
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Design and exploration of novel inorganic materials based on computational science
by OFumiyasu OBA, Takanori ISHII, Ryosuke NAKAGAWA, and Teruya NAGAFUJI

1. HAEEW

WS OB - BREMESCT L — B2 5, MBI ~OERIT L <o Tn5, Bl
HERETS T Tl BEICHIET A uRICL Uk S, ZMTEWVIRERIMEEZE T X5 2MEIREEN
TW5D, FIMEIOBRRIZEB T, BfEREET - BEBIRHRE LR LITE 2 EFTH RV, £ L TROEEM
D DNITIEWERZE A2 D R—F 50, TOHNLED X I —4F v FERVIALNTH D, KT
FHEREORR E A—R—ar Va— X OEEEN O Ik | FHERETEERHWD 2 THEORE
PESCHFME 2 B EE D ORI I CE 2 X D12 » T & 72, ARWFIETIE., HIOF — PG HE K O\ESH
FIEEE LT, meE - SR EL A9 2 BB 253G - RRT 52 L2 BT, ¥ —F v b
1. BT ADISH DT80 ORGSR B &5,

2. AEARE

AR & fiE . 2 E TIZBAZE L CE MM R OWUR M, 2 « S O ks — R R T
BEAE L LT, AR IEEEARL O SRR RN I U723 E FIEO LICH 28D 7, 2 O R FIEAZBEmMm
MEHCEM 2 2 & T, FEOZEESCKELZREET 5 & & b2, BMMEHZBW T HEMA A+ Th -
TR, £l - REORF - EF LNV TOFEIET MR EZG2, S BT, ZORKRITESNTHH
NAERMBORRET - REOIEHEZMHEEST 22 L2 B8 Lo, REEITH7- 2B EMm - v U 7k h v
A R¥ Y v PR EROPERE TET D20, ZHETICHY LT E EFECHERRGE - ZERIEEHCBIT 54
RO 2B E 2 T, R - RO RT T4 A 2 FOEREE T TEORS L ISR 2D -, BARRR
ISHBIO—>& LT, Fix ORI 0O 3 H PSS S OMERER 72 TRl 21TV BEEEGICKTT 21
B FIRALE (f A AR T v VYY) KOS FimfiE (BT NICHEY) 2HHds2 L
T, N RT T4 Ay ML ZOBR O 24T 72 8,

9 JRBREH X, VASP 22— R 22524 S 7= i FLEE projector augmented-wave {5 10 2\ 72, 524
AE e M Ol O SRR IR, BRANTIZT = — = 7 & 3172 Perdew-Burke-Ernzerhof JFLBE %% (PBEsol) ' %
H, 3d ERBAAJE ITHE O 3d #LEIZ 1k U 72 JRTEME D TRV FIRFBIZ % L T, Dudarev © D F{EIZIEDS < AN
— RUME2Z@EH Lz, N K774 A2 FOREMITIE, BEW -8R - ik DN REE O EG )
OEER TR A FTRE & T D ERIKGFENA 7V v RILEI%KIZ £ % non-self-consistent 715 & flA G 7=
W% Tz 158,

FEH FAE SIS 1, A RE O T L7 BN 2 RENDO RE BB ErsHT52 084 <
Z OB RO EREE T VTV AARRR R TH D, AT CrySPY = — K BlosE s iz~
A Rfifb &L T L Y X N EAG DR FEE AV, REEEREEOBRKEHAICa— REJEEL T
WA L7,

T S Il 2 DA FIVEREDI(AIDBAI)04. AOV)B(I1):,04, A(VI)B(1),04 (4 =Mg, Zn, Cd, Si, Ge, or Mo,
B=Al, Ga, In, Co, Mg, or Ag)) D (100)3% [ D FH# pl A& DIl & Fig. 1 1259 8, A ERVER L DFLALIZIG U T,
kR 2 72 RS S TR S LTV D, REOKEIGI 2L 2 AL, BICRR DHkx I A E S D
8 RENZB T D RATZRAHECRIR TSNS U T A A AR T oy VR OE BB R E < Z{Ed
LT ENbnroTo, FEMIRIITIZE D . AFFRIZE N THER E Lc A B RLVERE D(100)2 i O FAE ik s
ORFEANX, BEA A & 4 mIRALE D T4 0 OIFFES LA A & 8 WIRNLE D T4 OGRS
DFFEERPEECB T DI F AL OENE, HF A DA F L RENEI > TWD Z ERBH LN R -T2,

VL EORERIE, EEM - v U TlEEA T A R¥x o 7 PREEROGER T TR, B EEE, N
YRTTA A NP EEREE R TR OICHICBWTEERMAEZEX D EEZHND,
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Fig. 1 PRI SHT2FE A DA E X VEEEP(ADBI),04, A(IV)B(11):04, A(VI)B(1),04 (4 =Mg, Zn, Cd, Si, Ge, or
Mo, B =Al, Ga, In, Co, Mg, or Ag))?D(100)Z fi O FH# Rk & D5, ik 8 & Y #xil (CC BY 4.0) .
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Design of Novel Nanostructures with High Quantum Yield Responsive to Visible-to-Near-Infrared
Light
byOChun-Yi CHEN, Yung-Jung HSU, Tso-Fu Mark CHANG, Masato SONE

1. Research Object

Photocatalytic hydrogen production using semiconductor materials has long been recognized as a
promising strategy for sustainable energy conversion. Among various photocatalysts, TiO2 remains one of
the most reliable and widely studied systems owing to its excellent chemical stability, low toxicity, and
abundance. However, the large bandgap of conventional TiO2 phases restricts its photoresponse primarily to
the ultraviolet region, which accounts for only a small fraction of the solar spectrum, thereby limiting the
effective utilization of visible and near-infrared light. The objective of this research is to establish a TiO2-
based photocatalytic platform capable of efficiently harvesting the entire solar spectrum, extending from
ultraviolet through visible to near-infrared wavelengths, while maintaining high photocatalytic activity and
stability. To achieve this goal, monoclinic TiO2 nanowires were employed as the host photocatalyst and
integrated with Au@Cu7Ss4 yolk@shell nanostructures to construct a Z-scheme heterostructure with
broadband photo response, enabling enhanced light absorption and efficient charge separation for solar
hydrogen production.

2. Experimental Results

The structural characteristics of a
the TiO-Au@Cu20 and TiO2—
Au@CurSs heterostructure nano- 2 E{ (003) (110)
wires were first investigated by Vs L ‘0300((11‘:111))‘”“
transmission electron microscopy '
(TEM), high-resolution TEM
(HRTEM), and  selected-area

. ] B=[110]Ti0,
electron diffraction (SAED), as d
shown in Fig. 1. The TEM images B
reveal that Au nanoparticles were )
successfully anchored on 0(020)

monoclinic TiO2 nanowires, ' 3 ‘%31.)
followed by the formation of Cu20 '
shells and their subsequent

S
d(110=0.36.nm B=[100]TiO,

conversion into Au@Cu7rS4
yolk@shell nanostructures. After ] ) ) )
sulfidation, well-defined Fig. 1 TEM graph, high-resolution TEM graph, and SAED image for

AU@CWS:  yolk@shell nano- (a—c) TiO2-Au@Cu20 and (d-f) TiO2-Au@CurS4 heterostructures.

structures were observed on the TiO2 surface. The corresponding HRTEM images clearly resolve the lattice
fringes of TiO2, Au, Cu20, and Cu7Ss4 while the SAED patterns further confirm the coexistence of these
crystalline phases and their crystallographic orientations. These results demonstrate the successful
construction of TiO2-based heterostructure nanowires with well-controlled interfacial architectures.

The photocatalytic hydrogen production performances of various TiO2-based samples were evaluated
under solar irradiation, and the results are summarized in Fig. 2a. Pristine TiO2 nanowires exhibited only
negligible hydrogen evolution due to their limited light absorption in the ultraviolet region. The introduction of
Au nanoparticles led to a moderate enhancement, whereas the incorporation of Cu20 and CuzS4 further
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increased the hydrogen production activity. Among all samples, TiO>—-Au@CurS4 showed the highest
hydrogen evolution rate, indicating a strong synergistic effect arising from the combined contributions of TiOz,
Au, and Cu7Sa.

To elucidate the wavelength-dependent photocatalytic response, apparent quantum yield (AQY)
measurements were carried out using monochromatic light irradiation (Fig. 2b). While TiO2-based samples
without CuzSs exhibited only limited activity in the visible and near-infrared regions, the TiO—Au@Cu7Ss
heterostructure nanowires displayed pronounced photocatalytic activity over a broad spectral range
extending from the ultraviolet to the near-infrared region. Specifically, TiO2—Au@Cu7S4 achieved AQY values
of 10.51% at 300 nm, 4.38% at 450 nm, 4.17% at 800 nm, and 3.66% at 1800 nm, demonstrating efficient
utilization of both visible and near-infrared photons for hydrogen production. Notably, the observed near-
infrared AQYs exceed those reported for previously developed near-infrared-responsive TiO2-based
photocatalysts. The long-term stability of TiO2—Au@CuzS4 was examined under continuous solar irradiation,
as shown in Fig. 2c. The amount of hydrogen produced increased almost linearly with irradiation time, and
no noticeable deactivation was observed during prolonged operation. Furthermore, X-ray diffraction (XRD)
patterns recorded before and after the photocatalytic reaction (Fig. 2d) show no discernible changes in the
crystal structure, confirming the excellent structural stability of the TiO—Au@Cu7S4 heterostructure during
photocatalytic hydrogen production.
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Fig. 2 (a) Hydrogen production activity comparison across seven sets of samples. (b) Corresponding AQY
spectra of four TiO2-based nanowire samples. (c) Long-term stability test of solar hydrogen production on
TiO2-Au@CurSas. (d) XRD profiles for TiO2-Au@Cu7S4 before and after use in photocatalytic reaction.

3. References
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17, 40340-40352.
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Achieving weak ferromagnetism and negative thermal expansion in A- and B-site-substituted BiFeO;
by OMasaki Azuma, Takumi Nishikubo, Kei Shigematsu, Kano Hatayama, Jun Miyake, Yusuke Shiono

1. BAREH
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(1) X. He, S. Nomoto, T. Komatsu, T. Katase, T. Tadano, S. Kitani, H. Yoshida, T. Yamamoto, H. Mizoguchi, K. Ide, H.
Hiramatsu, H. Kawaji, H. Hosono, and T. Kamiya, Adv. Funct. Mater. 33, 2313144 (2023).
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Kamiya, ACS Appl. Energy Mater. 8, 11447 (2025).
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Tuning anion defect structure of Li-ion battery cathode LiMn,O4
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Optimizing DNA-Mediated Bimetallic Crystal Growth Through
Processing Techniques

Chandan Kumar"', Lidong Zhang?®, Shoko Kojima?, Saki Kozawa?, Takeru Mizutani’ and Miho Tagawa'
! Institute of Materials and Systems for Sustainability, Nagoya University, Furo-cho, Chikusa-ku, Nagoya,
Aichi, Japan 464-8603
? Department of Materials Process Engineering, Furo-cho, Chikusa-ku, Nagoya, Aichi, Japan 464-8601

1. introduction

The search for ultra—sensitive selective detectors has always been fundamental for any real progress in diagnostics
and environmental monitoring. One way that has shown so much promise is precise engineering of gold—silver hybrid
nanoparticle (AuNP—-AgNP) crystals. These materials derive their exceptional utility from surface plasmon resonance
(SPR) — a phenomenon where light induces a collective oscillation of electrons at the nanoparticle surface. Crucially,
the optical response of these hybrid crystals is not fixed; it can be finely tuned by adjusting the Au—to—Ag ratio,
enabling the design of sensors tailored to specific molecular interactions [1]. The introduction of DNA as a
programmable scaffold elevates this potential further. DNA strands provide unprecedented control over nanoparticle
organization, allowing the construction of complex, predefined nanostructures with bespoke properties [2]. This
synergy creates a powerful biosensing platform: the DNA component can be engineered for precise molecular
recognition (e.g., of a pathogen gene or protein), while the metal nanoparticles act as signal-amplifying transducers,
leveraging effects like surface—enhanced Raman scattering (SERS) for extraordinary sensitivity [3].

The need for precise processing techniques depends on the complexity of the design [4]. The desired properties and
sensor responses are directly correlated with the crystal form and particle size. The synthesis technique, apart from
accommodating gold nanoparticles, silver nanoparticles, and DNA in such a manner that the growth of the crystals
is consistent with the optimal coupling of the gold nanoparticles with the correct orientation of the DNA strands
[5,6]. Hence, the selection of the appropriate processing methodology is of primary importance for the development
of the material for the device. To this end, we compare the crystal quality achieved through two distinct synthetic
routes: a conventional water—-based solution process and an innovative oil-water mixture (biphasic) technique. This
comparison evaluates which method yields superior crystallinity, sharper plasmonic responses, and ultimately, a more

effective foundation for next—generation sensing applications.

2. Experimental

Commerecially available isotropic Au and Ag nanoparticles with a 20 nm particle core size were used in this study.
Both types of nanoparticles have the same density of functionalized thiolated DNA with 26 base pairs. A series of
linker DNA strands complementary to the DNA used to functionalize the nanoparticles is used as bridging DNA
between two particles to form crystal structures. Five compositions of Au/Ag are investigated: 100/0 (AuNP crystal),
95/5, 90/10, 80/20, and 70/30.

Method A (Water: Particles of nanoparticles with conjugated DNAs were mixed in the given ratio in a buffer solution
with a very high concentration of NaCl, which then underwent a controlled temperature annealing from 65° C, which
is well above the melting temperature of the DNAs, to 25° C at a rate of 0.1° C/hour to encourage programmable
hybridization and nucleation and growth of the crystals. Two different salt concentrations, i.e., 0.5 M and 1.0 M, were

used for the formation of the crystals.9
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Method B (Oil-Based Technique): This method, as described in the previous report, involves a modified protocol in
which the growth solution is mixed with oil and then homogenized with the aid of a shaker. A slow annealing process

is then applied as described in Method A above. The grown crystal is then washed several times to remove the oil

content.

Results and discussion

All crystalline assemblies were analysed using synchrotron radiation small angle x—ray scattering (SAXS). This
technique is ideal for nanoscale periodicity, lattice symmetry and to understand the order of superlattice structures
through analysis of peak position, width, and intensity. The structural analysis of crystals grown using method A self-
assembled into elf-assembled into a body—centered cubic (bcc) structure across all compositions, as identified by
the relative g—positions of the scattering peaks (v 1, ¥ 2, ¥ 3..) [4]. However, the quality of this ordering was
suboptimal. Refering figure 1 (b), the primary (first—order) scattering peak was consistently broad about 0.056 nm™
for the investigated range of silver composition, indicating a short correlation length ( Eoc1/FWHM). It means the
domain size over which the lattice remains perfectly periodic is small. Because of this reason, the scattering patterns
show an exceedingly weak 2™ and 3™ order peaks in the intensity profile (Figure 1(a)). This is a classic signature of

a lattice with significant disorder polycrystallinity with very small grain sizes as presented in Figure 1.
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Figure 1 The SAXS curve of DNA-AuNP-AgNP superlattice crystals grown from a 0.5 M NaCl solution is shown in Figure 1(a), and the
spreading of the first-order peak is shown in Figure 1(b). The SAXS signals from the crystals grown from a 1 M NaCl solution are shown in
Figures 1(c) and 1(d).
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Figure 2 The SAXS curve of DNA-AuNP-AgNP superlattice crystals grown from a 0.5 M NaCl solution using oil-based method 2(a), and the
spreading of the first-order peak is shown in Figure 2(b).
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On increasing the NaCl concentration from 0.5 M to 1.0 M led to a slight but measurable improvement. The full width
at half maximum (FWHM (A4g))of the first—order peak decreased, indicating a narrowing of the size distribution of
crystalline domains or a reduction in paracrystalline disorder. This can be attributed to more effective shielding of
the negative charges on the DNA backbone, allowing for closer particle approach and stronger hybridization driving
force. Figure 1(c) and (d) represent the SAXS signal and their spreading as a function of silver composition in the
crystallizing solution. A narrower values (Aq confirms that the increasing salt in the growth solution certainly aid in
the improving the crystal quality, However, this improvement was inconsistent across samples and did not restore
the higher—order peaks to the expected intensity, indicating that fundamental quality limitations remained. As the
AgNP fraction increased from 0% to 30% the crystalline quality systematically deteriorated and lead to peak
broadening

In dramatic contrast, crystals grown using the method B (Oil-based technique) exhibited excellent structural quality.
SAXS patterns were characterized by Sharp, well-defined primary peaks with narrow FWHM, indicating large,
coherent crystalline domains. We also observed a multiple higher—order scattering peaks with intensities and positions
consistant with a bcc lattice. This is a definitive marker of long—range order and high crystallinity. In addition samples
prepared using method B has Low diffuse background, confirming minimal disordered or unincorporated nanoparticles.
The SAXS pattern and their corresponding FWHM (Ag) values representing spreading in q are given in Figure 2(a)
and (b). A lower values of Agbelow 0.025 nm™ verify that the crystals developed in the confined droplets environment
leads a much controlled renaturation DNA pairs of nanoparticles and form relatively better quality of crystals than

those prepared using method A.

This superior quality was observed robustly across a range of compositions, demonstrating that Method B effectively
mitigates the challenges faced by Method A. However, we have to modify this method to get a uniform size distribution

of crystals
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2. EMRR
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REF #/ D Lide Raxo 7 8% 4 otz A
—é—é Z CE 75§§7\7b)o f:° 10 20 30 0 50 ) 70 80
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Intensity (a.u.)
|

3. ZEXM

(1) G. Hasegawa et al., Hierarchically Porous Carbon Monoliths Comprising Ordered Mesoporous Nanorod
Assemblies for High-Voltage Aqueous Supercapacitors, Chem. Mater., 28, 3944 (2016).

(2) G. Hasegawa et al., Highly Flexible Polymer Aerogels and Xerogels Based on Resorcinol-Formaldehyde with
Enhanced Elastic Stiffness and Recoverability: Insights into the Origin of Their Mechanical Properties, Chem.
Mater., 29, 2122 (2017).

(3) T. Kokubo et al., How Useful is SBF in Predicting in vivo Bone Bioactivity?, Biomaterials, 27, 2907 (2006).
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Development of Mixed-Anion Compounds
by OMakoto KOBAYASHI, Eisuke YAMAMOTO, Minoru OSADA
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BEOL (22) FHBREORIEER LT,

2. IERRE
2. 1 HFREBRROITRNA LOERERBEESF/ —ME

JER IR L A OFFEIC L VB ON D EHET ) o— M, LUV OES B TIRTTHMEITH D | Bt
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ﬁﬁ%%ﬁbt )= bEGRTDZENARETH Y . BIRMEWOMEHIENC & v Bt v— b &
HBHZENTES, ZhETIIREINTEZT ) — b DL IFBE—T =4 bW ThY ., #ET =4
/%//waﬁﬁiiﬂﬁﬁfkotoEﬁ«u7xw4%mA%@%% IvEmEnsar7anA
R o— NI, BEESEMEE S U CEEEEE2 RTZ 0D, ROENEALTHIEK T ) > — D 1
o?@é3o$ﬁ Tk, BB v ALICEE LTz, 87 vitya 7 A4 hF /2 — k& LTIE SINbO6F
B L LaNb(IV)206F NRE SND DA TH o TeH 5, T, I L —7 706 (Ca,Sr)(Nb,Ta)206F 35 &
O LuTiNDOGF  (Ln: A5 LF) F/ > — hOARKEHE L TWDH, —FH T, 7 =4 M, M$@1o%7
VRICEWT HORIEEESTEY, Oy ha— UTER I TR, & 2 CTHEMAAERERIC
D\7y%ﬁl%%%@éﬁt@%%7yk%&mfxﬁ4%%é%b\%@%%Liwﬁbwf//~h
L EEHELRL,

it A A4 (0F) &7 vikA 4 (F)
OMEE DO L0 BRI OB b % Tic 7 v FaE
EHIEIT DL 2B 25 & W T4 UMb A
SHLMENRDD, 22Tl BRhka 72k
F RbSIND,O6F IZ%f L C7 v HZREA NI TS Z
EEAV, N —# & TiYICE L -
RbSITi:Nb22OsFiexe DE AL S 72, £, SrCOs,
TiO2, Nb2Os 27 Ak E LTCARY 7 T 704
nrF L MRREHR. <Ly ML, €57
R T TRV % Z & T SITiNby«O6Fr & Bk Ti 2p Tit* 2py, Fis
Lz, &bk E RoF ZIEAE L. XL v b
RS AT T A E§T£L MEA % Z

(a)

—
O
-

Intensity (arb. units)
Intensity (arb. units)

L@ 7 25 A+ RbSITi;Nbs«Op+F1er D T 2p.,
B E R,
BEAERY O XRD /X2 — 1%, St K &G
Teb OO, EAEIL. PA/mmm (\ZJE T 5 RbSrNbO6F —_— — —
471 461 451 690 685 680

03*%%(?5%({* JESLIL 75§EI/FTEVG%O 7 x Binding energy / eV Binding energy / eV
HEEZONDRFOYE&EIIL, EDS HIE
X U Rb:Sr:Ti:Nb = 0.95:0.84:0.18:1.82 L H &,
Ti PFERPICIRVIAENTND Z ERRE I

Fig. 1. (a) AFM and (b) TEM images, and XPS spectra
of SrTio2Nbi.sOs sF1.2 nanosheets.
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727o ZNHDOZ END, IR T A B A M7 v b RbSrTio1sNb1 s20ss:F1is BN EFHTCWb EEZT-, &
LIRS 7 2 A b7 v bz BEd DT, BRURICKES 7 X VKR COIR & 512 &0 Ik
F = MeERRT, BE O BDanA FER A Si0/Si HARIC Fo vy 7%+ X h L, AFM IZ X 5 8i%%
To7e Z A BEHAMPFI 1.3 nm, B4 X235 1 um OF 7 > — F AR T & 72 (Fig. 1(a) » BEHO SINbO6F-
FHE OBEGREAD 0.8nm THY |, /v — hEERBOKSLT IV OWEEEZEZ DL, AFETHHED
R T2ANA MNP 7= IBREHELNTWDS LNz D, BEFEHHIETIE. IR 72 h 4 FOENIES#
FTHHATRER AR Yy b2Z =R GBI, a7 2AhA MEFPHERF ST Z &R Eni (Fig
1(b)), Ti2pXPS A7 FA XV TiN 4T — FICEENTND Z LW GNER>72 (Fig. 1(c), M
Z2C, FIsfHIRICRB W T, @RISR L7 bAoA AT A VAR B — 7 SR CTE 7=, S HITRb
ICHET D =27 138 ST, EESWS, SINDOF & H#E LT 1.3 D F BMEFHNICEEN TS L
Hihani, LIV, BIRMbEwOTERELRICEI Y, BER & i LT F/O Lo FiiiE 7 » (ki) na 7 &
HA N — OB EER L,

2. 2 HHBREAY OB

WHFGE /S L—TTIXZRETIZ, 5 TRV Y ardF oA
FZ A4 F (A-B-Si-O-N: A & B3 A F42) OMREMREMIZ K
D EEDOFHALE M E R L CE o A Lt kAl F4
T =A% A NEEERENENT 4 AA—F—FTHZ
LR RRBTIHELZALTVWDZEEHLNILTVS, &
DEIRT 4 AF—F—=PNELDHRIT HEEEE 25 &k
ZHTeD, T BB OWEIRR TR T 2 N EEEE e D,
INHDOT LD, —EOMETHE L TE -2k T — Z B
B COWERBDB KA TORWREEFI CH D L2 5, AR
JETIL, ZIVE TORDY MEAZ MRS HE S, 2R AR R
A COFRULA M OLRTEF KON - B TS AT 2 0 L
EEYPEOFHEEN A FTHH T 2 E 2 E LT,
Ca0-Lm03-Si02-SisNs (Ln: T 2% ) A R) ZARBSTEBICHE A
U TWVERRZEM LT & 2 A, CasYaSisOsNs THEINDHHME(La R U7z, HEsh X S EigsT
DFER., KA Pa—3 128 L. Si(ON)4 WUFE{A[R L ATERIEE LT T 5 Sis(ON)1s == kT S
. STEOSRAFTA A MIIE Ca, YBLOKRMEAEA L TV OGS L THELse (Fig. 2),
Pa—3 DO BB LUVMEAEH & LT CasSOaNe NHIHN TN D T, ZOLEWD Ca D32 % 1 DDY
ICEBRT D LT, BERLAENOARRE TR L2 bEY O Z N TRICHAL TS Z ENAHETH
%o, L2L. CasSi204N2 Tl Si(ON)s WU AN SinOuNp AL TWAHZ &t RIFFE TR LT
CasY SuOsNs [ ZHHRILEH TH D LWz D,

Fig. 2. Crystal structure of Ca3Y2Si40sN4

3. BEXM

(1) T. Taniguchi, L. Nurdiwijayanto, R. Ma, T. Sasaki, Chemically Exfoliated Inorganic Nanosheets for Nanoelectronics.
Appl. Phys. Rev. 9, 021313 (2022).

(2) M. Osada, Emerging Ceramic Nanosheets: From Tailored Synthesis to Electronic Applications. J. Ceram. Soc. Jpn.,
131, 851-862 (2023).

(3) fl %X, B.-W. Li, M. Osada, Y.-H. Kim, Y. Ebina, K. Akatsuka, T. Sasaki, Atomic Layer Engineering of High-x
Ferroelectricity in 2D Perovskites. J. Am. Chem. Soc., 139, 10868-10874 (2017).

(4) T. C. Ozawa, K. Fukuda, Y. Ebina, T. Sasaki, Soft-Chemical Exfoliation of RbSrNb2O¢F into Homogeneously
Unilamellar Oxyfluoride Nanosheets. Inorg. Chem., 52, 415-422 (2013).

(5) Y. Kobayashi, M. Tian, M. Eguchi, T. E. Mallouk, lon-Exchangeable, Electronically Conducting Layered Perovskite
Oxyfluorides. J. Am. Chem. Soc., 131, 9849-9855 (2009).

(6) T. Yasunaga, M. Kobayashi, K. Ogmhula, H. Qi, T. Ichibha, K. Hongo, S. Yamamoto, R. Maezono, M. Mitsuishi, M.
Osada, H. Kato, M. Kakihana, Multiemission of Ce*" from a Single Crystallographic Site Induced by Disordering of
lons. Inorg. Chem., 63, 1288-1295 (2024).

(7) X.-M. Wang, C.-H. Wang, M. M. Wu, Y. X. Wang, X.-P. Jing, O/N Ordering in the Structure of Ca3Si2O4N> and the
Luminescence Properties of the Ce** Doped Material. J. Mater. Chem. 22, 3388-3394 (2012).
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Tailored synthesis of inorganic nanosheets using solid-state surfactants
by OEisuke YAMAMOTO, Makoto KOBAYASHI and Minoru OSADA
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MARERETHZETER LT, S5, ZORETEESGRE TV E=T AKX TS HZ LT, B#T
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Solid-state surfactant RE-doped ceria nanosheet
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WD ENgholze, MOFKITIELHRICONTH, T/ ¥ — NHAORY ABNRITCHFEITKF L, A
FUERPREVWTHREIZET /) o — b~DOI AL SO EZ R LTz, Ziud, 7 E=7 KA
WERR L O 7 T AL —IEAL - fARRICE T 28R T L ORISEOEVZERTL2H0THY, 44
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REE, (i) T/ > — MERRFOTTRFEIKTFN R—E 2 7 & 9 ZEBREOM R g 2 b L, Zh
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3. SEXM

(1) E. Yamamoto et al., Nanoscale, 14(32) 11561-11567 (2022).
(2) E. Yamamoto et al. Small, 19(22) 2300022 (2023).

(3) E. Yamamoto et al. Nat. Commun. 15 6612 (2024).

(4) E. Yamamoto et al. ACS Nano, 19, 39936 (2025).

(5) E. Yamamoto et al. J. Am. Chem. Soc., 147, 14270 (2025).
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Development of a novel electromagnetic-wave absorber device using spin current
by OMasaki MIZUGUCHI
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TR G YRR L 7= ST 33 L Fig. 1 FePt %> XRD I E K . F72 2 polii BE TR L 72 s
BRNFEND—E NI LT DEHT 7T v 7 7 A Va2 RT,
XT)/z@ﬁ%rbtom%mf

DEFICE LR THAL RICRBT 2B ESRENEML, & A
T U ANV T WA A R Sz, 2, FePt ORI
ENEL 72D EMKBITENREL 2D LER LTS, 2NLHD
%%#%\RH@W%@E%%<E5&LME%E%%<E@\%
Nk bpoTHRETELELS 2D 2 &%ﬁém TR N 1
LS MEIMER 2 Fi> FePt MIEAHF B ICEHN T &#%a

S8 (arb.units)
\\
\\\\\
\\
N
588
el e le!

ﬂflo |||~|_=|1 = ——380°(
e T, BRI 2 R LIRBI N DR AT 55 F@KEUE%??O s = . . —300°C
Ba2X 3R T, 2 TOBPEE OB/ 2 BE U 72 B % ICEE O 20 T e® e

SHEORIMABLE ST, £7-. BRI O RS % (ke L-1%. B
ZAEIE L2 D, $i®ﬁﬁﬁ®ﬁ9#ﬁ%hto_h%®ﬁ Fig. 2 FePt #f% MOKE I & 4.
BN D | SMBRER OB VIR AE CERAERINIC L 0 BEHCEBEN A L B2 D BRI CIER L 7o W O R
o ERH LMo, FOEEIE, H1x1F 5 GHz OERIEIR  REFEN—EEETRT,
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FoOBAETI60 nVIEEEDOKE S Lipotz, O
Fo, BEREGECABLOEE FePt K oo
(BBIRLEE 700°C) HAERL L | RIAROHIE % e
1ToTefb R, B X 5 REERETEOE
CITHER SN2 Do T2, 7235, ERLI ES
BORMREBEBEDHRITEL BN RE o PN
JEDZAGIE, B B ABL D 72\ FePt Zﬁ’;ﬁ; :
HECBEWTHBIIS W, ZhuE, B , , | , , R ,
WHREHC X DR R 72 EAR 2R BRI 0 500 00 100 200 2500 00 00 4000
Ko TALEEBEELTHDL EEZ DN EBEE(s)

Do THHDORERN G, EEHENICHSERR  Fig. 3 M PICREG R T HEAMER 2 H> FePt MIICEE~ 72
ﬁﬁﬁ@%%%OFwwaﬁ%%mé:& R D EBREE & BRI U7 B BT OB RS R, BRIk D

J:D SMERBES A EUIN L 72 O RABIZIS Y BRSY « (2 1k & — BRI O RIRE T 0 R L7,

B OB S W L TRET HHE T
®@¢%£#&éht_&#“ﬂotoit HE & 2 Bl O 1o
ARk A BIEOEBCEEX 4 12w T, EREEO RIS s |
THRATLHELEORET JIHME T LT HER R 5N, 20k
FIX. 6 T FePt HEDOGHTITMAT L CERBEE D AR I D
AR DOBENELR D Z LA RLTREY  BAEBEFHEORE JIZ w |
RAF LT iR S B I O W ER LTV B EE 2 Hivd, 10 |

LI 6 | N T ISR T R 2 79 5 FePt BfifgdE 20
BEEANSTLick ), ABPLRALAMT 3° L2 < 2R T mmmeny
WOMPIZI D AN EL, AV UREZEFEICERT S 7o !
TANSEENE LTI ENYhoTz, TOREIT, AFZETH  Fig. 4 MREEPITHE T HEMER 2
& 28 LWEBEWINGEFOERNERSNZZ L 2R RO PPl ERLE 2 F L72BR o
TW5b, =8 VAN ARSY Y (o A Y SR % gl s

BEMEV

100 |

70 |

BE(nV)

3. &EXM
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Effect of gas flow near the substrate surface on carbon nanotubes growth on SiC
by OFuka Onodera and Wataru Norimatsu

1. HAXE”

=R F ) Fa—7 (CNT) (L@ EBARE | 2YREE B L OERBERE b OREMETH D 12,
CNT 1ERLUGED —2IZ SiC FHIDFRIEN 5 3, T X, SiC 2 B2 TINEVT 5 = L C Si Ji 7% Dl = |
FRAFLT= CRAIC LD SiC EFMHIZ CNT 2B TH L W) FETH D, ZHE TOMIET, 1x102 Paf2ED
HZEH | 1600°C T 30 EAT 5 2 & T, 120 nm BREDO R S &2 F5 CNT N EEE - SR mICER S D Z &
DhMnoTND Y LILRnD ZOHAEO CNT /ERIZIX, 77 7 7 A4 NOWEET % Ko R O NEVF 3
METHoTz, SHIZ, CNTERICITEEFIMEOBIEN G EN TV DILENH S, KENEE TIX, #r
BM DT T 77 A4 MIWFE LTBBELSMBU L > TS5 Z & T, CNT ERKICHE LTz, £ZTK
e CIE, HERMOERF A2 AT, BEEFICHEORELZ ERIICE AL T SiC ERE2MEAT 5 Z & T,
CNT OJER % BHe L7, HFIC, FEWRFRHETIZERT D4 A CNT BRI G- % 5 BT~ T,

2. HAEER

2. 1 HRABRMNONT BRIZRIZTEE

ARFFE T, JE X 400 pm F2£ £ O TanKeBlue #:54 4H-SiC(0001) LA 5t 7 = /% 5x5 mm? (28] 0 H L 7= %
fER L7z, oA RICREE, BRFOFLERRETCEALL, 0L, 779774 MO
REFEOREE ST D Z & T, EREmIIE DT ADWIINT X D58 % P17, Figure 1(a)¥s L ()T,
TR 3 L U2 1T 1T 2 3lkkE ORI & 7~ 37, 5lBHE ORE & SiC Bk DRI O ElEA £ 2 5 Z & T,
EWROREEFE DT A DN A B ST, EHEAR%, 1.0x102 Pa £ THEZEG| & 21T > 12 CTNEZ B4k
L7ce £, FiE2 5 1100°CE T 7.5°C/min THIR L, TORERBHRIEG T A (N2:0,=80:20) % it 0.20
scem THEA L, JFLENOEN %K 1.5x102 Pa k> 72, & D% 1500°CE T 7.5°C/min TH-E L 2 FEFLRIR
L 7z, Figure 1(b)3 X ON)IZFERL, ()3 X DNe)IZilEH#2 72 b5 b 7o E M E - Bis: (TEM) 42~
WTHOREHZBNT S, SIC EREmNOLEEICHIKT L N Z A MRA LI, CNT BRI NTZZ &b
%, AEH TIEE & 30-40 nm @ CNT 23, #2 TI3E & 40-70 nm @ CNT MER SN T\ D, T ADFND
TRNKAFECIERL L7z CNT &l LT 4, CNT OFEAPERELNL TS Z & bbolz, S HITN T, SiC
FERE DOFREPR P TIT e, =B TRELBENRTND 2 ER DD, (B L ONAOREIEELEICBIT 27
At BARAICERE T 572010, AREREICLHABIRAES I 2L —Ta v &{To7, ZORR, @BLD
()DOREHAELE IS I T D SiC KT EE O T AL, EAZEH 20 pm/s BE I 4 um/s TH D L RO B
7oo e T, BB BEORIOREEEA T A, TR, 2o OfERIE, BEBBIRG T Az L5
HlTiE, BN EZTRND T ADFEPENZE, RSOARE 72 CNT DR EIND Z & E2REB LTV 5,

(@ ) DR

0,8as
R SiC substrate
'

#1 5.0 mm

(d) (e) E

.S’E‘ bstrat .
#2 isusvae

Fig.1 (a)iEt BBl E#1 O, (b)#l ORI FEE TEM &, (c)#1 OIXfE TEM £,
(BB ELE#2 OB, (W2 DR EHE TEM %,  (D#2 OIXE TEM 4,
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2. 2 HREALZLTOME

BT A ABEAB L OENRHEEZ T2 WG EICBW T REIERE 2 2L S 72 & 1B & D CNT
DR AT~ T, MEEEDETIITH) 1.0x102 Pa Th b, EBRMEHRIRG T AL HA LR WIGAEIT, B2 2K
THAAFEIL, V—ZICKVFRNICEASNTERKTH D, Thbb, EHFEMBLIMNT, KEX L EDH
BIZEEND, Figure 212, REBEOHKXKN B L OZENENTHOLNTHE O TEM B4 7~7, #EH3 T,
&K 70 nm O¥J—72 CNT SRS 7z, #4 TiX, RSK30nm O CNT L SN b DD, ZD Kk 1%
R —ThoTz, —FHikEHS TIL, £ 60 nm ® CNT BER I N7z, 6 OFERIT, K& T XL 0 AL
SNDHEZER T, R EZ2 D HAFREPNENG S, BRODE—EO CNT DB I D Z & 2R
LT3,

(a) (b)
; SiC substrate
#3 38 mm

(d) (e)
Alr 0.0 mm

— SiC substrate Ay Flt

# # "'E'i‘r‘:;”‘-"‘* il s I CNT{
SiC Substrate

® (h)

: SiC substrate ¥ fil L UCNT
#5 lS.Oml ! hRE MR ! :, :

SiC Substrate

Fig.2 (a)alft A Bd E#] O, (b)#3 OFE /2 fiEEE TEM 14, (c)#3 DK% TEM 4,
(B R E#4 OB, (e)#d DE I FRE TEM 18, (D#4 DIRfF TEM .
(B EELE#S DFAIX, (h#5 DEsrfiRae TEM 18, ()#6 DIXAE TEM 14,

3. ZEXM

(1) M-F. Yu, et al., Science 287, 637 (2000).

(2) A. Javely, et al., Nature 424, 654 (2003).

(3) M. Kusunoki, et al., Chem. Phys. Lett. 366, 458 (2002).
(4) K. Matsuda, et al., J. Appl. Phys. 123, 045104 (2018).

P-68



ﬁﬁ%ﬁ%ﬁﬁ%g — Researchiresult report w

Research result

SYBF : BREE - AR —BELS BT
£ In AR INAINREFENOIEX £ vIILEE
BRERFHE T OB KR, W Hhr

Epitaxial growth of InAIN thermoelectric thin films over whole In content range
by OYuma SAKAI and Momoko DEURA

1. BAREHN

Il BEZEAY FERIEH A LED FIZEME I TV D, Fix DYt « BT A A~DOIEHABHGF SN T
W5, oL, wEO/NUL - S - EEERE L7 Pl b D BERVO BN NRE L 7o TN DL T
A ABHDOENFIL, HE - BHOEDRIEPRFTF SN TNDEDR, BOBAETAFBTSHSH. £ THx
%, B EEEE T NA A OB A2 L TR Y, ME - 731 ZAREHTANT T, E{kwt
EROBEREZCAREICHAT2 Z 2 BEL TS L ZODIIEmE e BVERIRO RS b E S LB
ThoH0, B EEROERLEITILS £ S ERMPENFET D, BEIK L~O~T o2 X v L
REDBUETHY, Kb BAOCWEHIS IR RELLT W &, MEZ LIl ESRENRRE SRR D
Z &, In RIBMDEREE CTRIFRMFENGET L2 L, RETHD. BERMEHMEIZIWNTE, Tl
DO BFEIAR O BEPERT HALERH Y, EERFHMEARD DD, Fxld In B EIORE AT 72 & E
7T A KBTI E X X — (RF-MBE) 2T, @iERRmAEREOREICRMATE . &
AUE TIZ InGaN TlE, In Ak Z L ITRESRF L R T 5 2 LI L Y, 4 In fLAkIC IV TEVERAMERFAM I
BT HERE R L, R BERMEASEL 2 LIS L Tnd L

—77, 3 IR TH o & bENREE INAIN ICOWT HRF 2D TX 72, InAIN 1T In fLEL 18%fTiL T
GaN & NS TS T 57280, R MEREREZ GO TWEOWMERH DL Z Lb, Fx b In MK 20%
FHETOBMPHEAA LTZ. InGaN KE T, B@HK 77 A~ICLDRRL A—VoMifilE, &BEEERICX
% BUREHE O R mILEEED 726, MI/V>1 O A X v FEMTFT, > GaN & InN D el ik KR E
DOFRIOREETORENLEE L. ZOFM% InAIN ([ZESEL7- L 24, BUWIERMOEBIINZ T, KE
RN Al OIS X VIRV DICE T THEIE L2 Al £720X AIN NS & 720, B b 2 5O In f~DF 5y
BECERT 5 BRERENE U2, £ 2T, I/V<L 7> InN fE EFRIEE D 435 °C LV IKIETRET S 2 &
WZE Y, In AR 25% CHBED 7o WER T P HZR B EHESS Sz, L LIEESHINT % &, Al RIEMIC
R OMEREICER LT, #8895 LAEE T 2BIC8AET 25 RIGNICE Y, REBROWEND V7 >
TWNRETH R R L2 AREFEIT, 4 In MR TO AN BVEMEO R R ICHR Y A

2. HEAR | GaN(pOOZ) Sapphire-
2. 1 #HRERE (0006)
(0001)ifi (c ifi) GaN (JEEJE~4 um) /sapphire 7 > 7 L — K 105"‘”!0002) : Al.N Bufter |
HAM B2, 72 F—7 InAIN #fi% RF-MBE i} L7-. %
FT T A KT NT =350 W « BB 1scem TH Y, AIN L
RICEDWEND, REICHGTHFEINTZ v 7 2 (F8
MAI 7Ty 7 A) 1£2.5x107 Torr ThH Z & &R LT :
5. MEOEHT7Z v 7 A (IntAl) % 1.6x107 Torr (III/V ; ;
b 0.6) ICEEL, MERMEZ 325400 °C, f# In HLAL Moo ' :
In/(In+Al) % 0.75~0.88 (225 SH7=. t ;
Fig. 1 {Z 400 °C T 60 min f% & L 7= InAIN #D X #REIHT . WA PN A,
(XRD) 26-0 7' 11 7 7 A V%753, LLATO In/(In+Al)=0.5 C 30 35 40
5007 In R 25%AF3T D InAIN &5 8, BE#HE 1 In 41 2a[1

Heds X O £ BT 60~80 nm/h 1CI1FIE B Th o Fig 1 FZRDHHE In MLECT 400 °C ThR L
. MIN<L B LR T T v 7 22D, e ik = W7 60~80 nm O InAIN 7> XRD 26-0
RIS A CHEAT L7 = L 2R LT 5. In Mgk 25%ft 2 =7 7 T/

ITTIE, 400 °C Bk TITFEMBEIC & b 72 5 BERES DTN A T-DITR L, 5 In M2 & Fig. 1
WZBWTIE, WIS BED 72 WAL « B—ALA O InAIN 235 U7z, (58 In MRS HINT 5 & Rk
D Al LB T 5720, AIIN)DEMIZ K 2 BEFE O R mitf L EC R R Ok f3 b LizZ &n

Intensity [cps]
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FREEZ bND. £77, B In AT In AL QBN RS U TR L7223, HEEHER 2MEWIB A 12
FA L D RIEIZ /S <, EREREC DS m ORISR — B L T 7. 24U InAIN OFFRFME % X
BLLTWDEEZLND HLO0, BEITKERENEHWVIEEHFICASNDLDOTHY, SEO L S 2+5
KR EB X DN DMRERECTH Ao Z X, FREMMELINC S IRIKNH 5 AlREMEN & 2. Fig. 2 12 InAIN
RO R AT E ML (SEM) B E2772, WIFho In RISV T b FieAY 2 i T 22 5 234 &
iz, RS (AFM) (C X 0 3l L7, BXOX e vF 7 h—7 (XRC) IZXVEHEL
ToAEERER AR, & BICE In MERIE SR T AN R S22, 4 In AR THEA & E 72 InAIN 2,
R E CTE /2.

2. 2 VIVIOEE

325 °C TR L7z IngsAlosN B Z SOW TR Z NS & 24, [FU < Bk « B—Elm O R
o, REFHEFFMICEOGT—ET, Mk EEIEKFETIZE-ETH o7, In ik 25% LT
OFER L RIS, BUEA 60 nm 25 120 nm (TIN5 &, Fig. 2 IR T LT Ty 70N ELEZ. 7T v
VR, Fl SEM MBI 2 EGERE E BB T D T v 7 RS BRD T, Table 1 IZLLRTO In FHLAL 25%
IO InAIN FEIEOFER E Ao Ty T v 7 BEEZRT. FREO In K Tk 5 &, RERENEWIZ
E7 Ty 7 BEMEW. FRFRUKERE TS mHRRSEWITNY T v 7 BENMRNZ LR850, 202
EUE, BREREZNEV, E700E S EW D, RO REILHAMEE S ND, VLT c i E a
il 7 O EHE O AME T L TR TR E LT < 25 2 L 2R LT Y, AR E NI S TR
EEMUET A0, 77 v 7 EEMIUETHEEZLND.

3. F&H

PLED Z L7135, InAIN @ RE-MBE [ZEIZEWTIE, MOEEE 7 7 v 7 OFAEDNOCTIVE & In RIS E 8D
il 7C X, E A E I A R FTRE AR B R SRR S K & < 7e B FIREME R S ufz. A 12 1E, ORE St & InAIN
MO RHEORRZ & DICFEMICHRTTT 5, @4 EIE S-S In #k & FEFE In LR ORISR, FrEO
[EFH In #LAL D InAIN #EA2 155, @2 T v 7 7V —RERPG OGNS EREEZ In MO E LTHL
WICT 5, OBERMEZFMEL, BHEOREREZED, &2 HECHRZED 5.

4. BiE
RF-MBE % 42 F ] S & TL 2 S o I i R FOMASS HIR &, AFM 2EE 2 FIH S TL 72 S o 72 B
K22 D AR B A1 < SR L P 5. SEM « XRD 13 A K 224515 50 a6 BHIF 22 AT 0 31 R R FH 3% 4 %
FIH &SETW W, K
FEDO—EIE, BHF L HAEIFSE B
(23K26148) 35 L OVALE
BN B AL PSR RT 2025 4
JE A T Z —2L[RAFSE Phase2 @
TEEZ T IThhz.

iHQ :;,Ai:} 4‘/‘N
70 nm

= \ i

5. BEXM Ino.s:AlgazN Ino.ssAlo.45N O\ Fie. 2 400 °C &
[1] S. Hattori, T. Araki, and M. 70 nm 170 nm 1g.

Deura, Growth of high- 325 °C TR LTz

InAIN [ 0 £ 1

quality InGaN thin films over SEM {4

whole In content range and

evaluation of thermoelectric
properties, J. Appl. Phys. 138,
245301 (2025).

[2] M. Deura, S. Hattori, and T.

IS 2 900 L 7= 572 % In RELAR + RREIRE OO InAIN D

Table 1
7Ty 7D,

— Research }@ﬂi \

Research result

Araki, RF-MBE growth and Sample Growtrétemp. Thickness | Crack d_e1nsity
characterization of InAIN [°C] [nm] [cm~1]

thermoelectric thin films, 15th INo.55Al0.45N 325 170 1.1x102
Int. Conf. Nitride Semicond., INo.19Alg 81N 325 220 1.7x103
GR-Tue-P32 (2025). Ino 28Alo 72N 375 180 3.0x102
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InGaN SBIREE T /N1 A DIER

FRG AR LA Ol 520, W B, =0l A,
Pk A5, O BT

Fabrication of InGaN thin film thermoelectric devices
by OJunnosuke NOBE, Mai AWATA, Takuya MIURA, Takanobu WATANABE, and Momoko DEURA

1. BAREM

I BRZEAL BRI 2 DY - BT 3 A~OISHABFRE SN TV AR, STFEO/NUE - m ik - &
Hreft7e ST & ble o TEMERDHEIN LT TR Y, RERPELER->TWDH. ZHUTK LE AL, BER
WHOMEAF L2 FHiEE LT, S EEREET A A2 WG A 2EZ L T\ b, M- 7
N ZAFRFHTIANT T, AW EROBEREZ QBRI T 5 Z L2 B LT, MMlESCRE R
BT 5% < OEEZER L, @WERAEEREOKER L ORMEFHMRICHR Y A TE/-. ZhETica
In A InGaN VA IR O G AR 36 L OSRBI R BVERHERHMIZ A I L TV D L 2 2 TARFEEE, InGaN
T2 W CEVEE T /N A A 2 {ERL L 7.
InGaN (n~3x10"8 cm™3)

=300 nm
2 W=10 or 30 ym

Py

2. HAREE
2. 1 TINA REEHE

AMFFE TREEE LT- InGaN EEGE T XA A D
X % Fig. 1 1ZRT. 7L BET A AT
X, HE T ENCIRE A A S 2, mES AR T
L7z n BURFBEE p TR B2 I NS A A Bl L
THERE T DM o BMEEDN X Th D, Z D
LE, BN ERD O n Blp RO
B IEERT AL ERHDH. IR LT,
e M3 A 1 B R B S R B e -
ig?j?g;ggfﬁiifﬁ;%@&%% Fig. 1 %t L7c InGaN #BEEVE T /N A 2 OREEAR X .
R—=7TbnBZRL, @i p WERORENNETHS. Lo > TAIFETIE, 7 F—7 InGaN &
p BRAA—I v 7 &BEFA LT, A mANICEIRRIOINT Uz misf e &2 22 BICEE L, mNICEEZ=E
w2 DR o B L Lo, InGaN & p BURASRNSEK L2 Wy CHEfihd 5 Z & &2F5IET 5729,
InGaN it Z #afF I CLRFE L, 2> % 7 NLZ@E L CaBEEM & B L. Z OBy L7231 0 InGaN-
&7 (V7)) O Em Sy REfil@E LzFE 2 1ty heL, Xy REILEVASAY—HRUT
A4V T LTEBENLT 1 DOEFELTLHZ L L L. ZHUTRRERERT A ZAE T 1 & AR TR B ET
DEUCDAREMHEBELIZT-OTHD.

BtV A 1L, RE == T OREESL) V7T 7 4 Ol 2y N A XEBELRBLIRELE
FEXZ500um iIZH— L7z, RV EREEIIRE S TED0, EPUEAKE < 720 ER OB S IXAH &
SIhd. BENETVA Y =Ry T 40V TROERMEOR S CIREAZEL LZ. B, &BIC 20T S um,
InGaN [ THEERFMEZ TR D720 10 um 721X 30 um & L7z, InGaN (KN K E W EBEREBIITAERITH
DM, FEERERNNY — = T OREROBLENBE S A 300nm & L7

c-Sapphire sub.
L=500 pm

2. 2 TNARERTOER

Y- BT NA AD InGaN HERERE 13 2 2t nm BRETH Y, — RIS 18 AMIT GaN Th 5 DIzxf
L, ARWFFEICEBITHEET /S AT, 300nm /& SO InGaN JEIIZ T 5 /8% —= 2 7ot — 3 v 7 Sl
BOBEABLETHD. £ 2 THERD GaN 7' r v ANREH ARENE ) D ERFT L. 6 - BT /31 AITH
FZHFIH D In fEK 20%FREE &, MEROTEVEMERBFE I ZT 23 6 o & bRV In fHAK 80%FREE D 2 FlFHA
T, In MBI Z Tz, WRET AL D RIA vy F o 70E, B EWIEET Y F 0 FHENMET
L=, Wb REELS vy F o raniz. £72, n ¥ GaN 04— v 7 EMICHV SN S Ti/Al &8
b, WYL H T NT == EITHIZEICLY, WTO InGaN IZR L ThA— v 7 & E L TERT
LNy inolz. K BT AL ATOFRMFEE ST mt A LEMZEA T, In AL 20%F2E O InGaN %
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HWTEET A R AT 5 L & LT,

E b B RO R R i(OOOl)ﬁ (ciH) V7 7 A 7 R —f%H
WCHWHILD A, InGaN E DR A EHERET 5 DIXES Thwicd,
GaN 7> 7' L— N@gz Tk ET 2 00 @p Th 5. KAWL Tl GaN &
Zil U ERREER ARG 5720, @i C F—7 GaN 77 L —
NN 2 um ESNTZ2 A F cmEREFIHL, 20 RIZT Yy F—
7 InGaN 5% RE-MBE il L7, sRERZICEHME L7 & 24, In Mk
34%, MEEIE 260~340nm Th o7, REZOERE 1412y FLTT
SN AR L7215 B A7 InGaN A E NN T U721k, 2% i )
1 ALOY/SIO; TR L, InGaN B osmic 2> % 7 FLaek L.  Fig2 FRLT InGaN MR
THAUNi % p BRI - 2o % 7 b+ S RICIIT. L=, &% v b otk ;%;X@“ﬁkioﬁ £ Al
PUBEZHE L, REEEFENOE Y hORETA Y —RoT 47 LT,

VERLL 727 "o ADHME % Fig. 2 12”7

2. 3 T/NA REFMEFHE

Fig. 2 IR X 51T, HARER O —dn a2 INE U him S im &2 mAEld 5 2 & CTIREZAZHUN L 72BRIC, 37l
%Ebt@r%ﬁﬁbt.@@®f¥uowfﬁﬁ%ﬁotk_% Wb E ﬁmr#’ﬂbfﬁ“

E%ﬁﬁ%ébk.:nim@Nﬁ%@%@ﬁm’%ébtmf%ﬁ FERR TS (N U 72 IR 25 kel L
TEY, InGaN HEENBET NA 2L LTEHEL TS Z EERLTND. %%Ltt 53ty M (v

) WZIEDOMHBEZRLIZLOD, 60N RKE ol Ky FOBRIUEDOIXSL S KL TWE &
EZONDHN, REFLE T a2 AOWTNOEMICERT 2 0I5 %OBRFMNLETHS. £z, BED
DR E ZIZ1E InGaN FLHE D FEICIRAT T DA TIX A B2 572, 10 um, 30 pm EDZEAZFUT DN T,
KRKOBIEZGONIZF T OREREZ L BEORMFRE Fig. 317 7. Wbk 10 mV BER LN TE
0, LIZEOBMELITREZOEMILY S SR EENOEMBIFFSNS. MOBEXIIFETLLTO
LA =Ry ZREICHIET D0, TE LV 1 RHIZ0ICHET S &, SREIORIE TORKHEIX 0.65 uV/K
ThoTo. Inkpk 20~30%D InGaN DB —~ v Z7{ZE1L 200 pWWKBBETHLZ b, L7 1 RITERIC
FAEL TV DIREZITFREREZD 1% AR CTh D NSNS,

3. F&OH

A, InGaN #fE 2 W2 BGET A 2O K OEEFGEIC R Lz, 4%1F, OF A ARtz
FEE & CRHY 5 72 OFHiR ORGET, @ L ZICEERICA LTV DIREEE T S5 OER, 712
AL HREAZMSELIOOEM NNy FE VI ORE, VA Y—RT 427 Of/ME, (2T 7T S
A AREEDOYGE, @F A AERUBR £V M I 727 " AHE - (R o 2 0dE, @InGaN A
DIERPR S, Inflpk & OBMRZFEMICHMETT 5, 2 &2 BRI ZED D

4. BiEe
RF-MBE 8% FIf S 4T ES s ivrmtikgo 12
RSB, BET A ADIERIC SR S 5 T2 [ W10 pm
FURERE DRI MBS, MET A1 2o 100 28 sairsx13 sets=364 legs
?ﬁquT:%ﬁ<téot$mEk%®mﬁﬂﬁ [
JERFZE ENIE < G L B 5. InGaN D JIFE « In FHK < -
nMﬁ‘iEmEk%%%ﬂAHﬂﬁ%%wiﬂﬂm E st
= 6f
<

FEZ2F A STV, RO —EE, B [
FAERFSE B (23K26148) 6 X VAR HIE N B HEY L 4L
FFEHT 2025 4R A 71 7 — JL[AIAFSE Phase2 D3R # 5 1) [

W=30 um
14 pairsx20 sets ;

[ =280 legs ]
TAThii. 2 I .

i ~ | Shominal ]
5. SEXH 0 ]
[1] S. Hattori, T. Araki, and M. Deura, Growth of high-quality 0 20 40 60 80

InGaN thin films over whole In content range and ATeonfg [K]
evaluation of thermoelectric properties, J. Appl. Phys. Fig. 3 {E#L L 7= InGaN J#IEEAVE T /N1 A |
138, 245301 (2025). REREEZEIIN U2 BRICRAE LB

p-72




L /S
4 |

Research result

SYBF : BRET - TRV — R B
RKREEBEL A VBET/NA ADFH%

AR R O=ihath, ZIEHEMER, SEHMEA, M, HILBAE. WHEBEKH,
AR, PR

Development of Large-Scale Integrated Silicon Thermoelectric Devices
by OTakuya Miura, Mai AWATA, Masayuki MISHIMA , Kaichi TAKAYAMA, Kotaro OKUDA,
Takeo MATSUKI, and Takanobu WATANABE

1. IREW
R KRR R X—DHENMERIL, I—AR = 2— NI AHSOEFICT - BB R REO—
)
Thd, Fx ORI N—T1X, BEFOWMN B XNV X —6EB N E2ELHT VU aSfo~
A 7 O ENERET NA ZADOBAFRICIY A TE 2, BET DT /31 X 121X Si-CMOS 7' 1 & AT TfE
RCTx D720, Si HEREER & ORE TR Z2CHANIG T 5, ARE T, BVELBEE LTHWD
Si BOWECIEIR, THbD Si HEARTEHIT D2 (Fv BT 1) OV A NRFEEEZTHE L, 2EMREL K
KIESH DD DEESMF TR T2, (a) i

2. BERE <

2.1 TANXNEKEEEFYETsBAEOHR

AIE L Ton Bla = U V7 ERERET A ADOHAEE%L Fig.l 1277,
SOI (Silicon-on-insulator) 7T D k7 SiJ@%ZZF ArF #&ZtE K7 A
Ty Fr T TRE—=7 L, £X 1um, 1§ 0.1~0.8 um DV A ¥70
ADY 02um By F WA TCEGEZEHL L 72 ok LTz, SOl HAki1745
um JE D Si HAR, 145 nm [EOMOIALERLIE (buried-oxide; BOX) &,
125 nm JED kv 7 SiJg (SOLJE) 7 HiEkEn5s, Si-NW OFKIEZ  (b)
RET D720, JEE 5nm D SiO A 7 = v ML THA L, FvT
PrA AU ZTEAL 1000 °C CIEMALEMLEL 2 L C nBL L7z, #EWT
BRI LT SiOo BAHEREL, 1.8 umx 1.8 um DI 7 hk—
NETxy hmyF U VTR LIS, JEE 300nm DX T AT v
T S EAHEBES T, CMP THE &2 FEHALLZ%E.,
Ti/TiN/AICW/TiN (20 nm/30 nm/200 nm/50 nm)D 5 — 4@ ALK E & Ak
L, SBIC2@HDBRE Sio, AR L, 4% RFTEAT 7=  Fig 181 BEEET A 20D
DEBER (E— FHA R) BIOSNSE DL 27 bl dind  BALEG. (@) KIS, ()
Yy hTyFL S THA LR, B MU A R 1 RSB aigs BT SEM .

5728, JES 100 nm @ SiO, g% b — N A RiEikicHE 6 1600
BMI¥E7, B, e—bMUA4 FHAERBRE LT
Ti/TiN/AICW/TiN (20 nm/ 30 nm/ 400 nm/50 nm) % HE 7
L. RIA o F L I TRE—= T L-, BT,
Si HARE M E CTRIET D814 T A AF DRI
BT, BOX YT 4T THY 4 RUEER LT,
DL EOINTITPESESATRAMIZET TIA #HEfEE L 2 —0
A== J—2 )b— D 300 mm 7T NT A 2 AFH 1| e wyo cavity
L"C?’éj}’@ Lfio 7(6;!:1/ ANEN le]I@é‘O) '73:/\75_’ V*"‘j"_‘&/l) D4 O W cavity
VITHY ST, IRV BIC XeR FRCE 3% T e s
Ty F T EATV, ﬂi'\’ ET A IBRERR LTS, 7 a1 Inverse of Si-wire width (1/um)
R0 24um ORRREE CE LI v F

7 LTz (Fig 1o)X 10pum = v F > 7 L= 8A OWr Fig. 2 B R¥EER L Si VA YiIEORMGR
il SEM ) .

RELTET A ZOBEM RO, IRERIEEEMN ) TN RAT =V %z lev A 7 n 7 r—

41 1400

1 1200

41 1000

1 800

1 600

Power P, (pPW)

1 400

1 200

0

pP-73

Power P,... (PW)



v T4t 4 R
- RS

Research résy)t PO

N—= AT L% W TEm LT,
A K% 23.8°CETHEMET HZ L TT /A AN

(KEITHLEY 2182A)% X OMUINEFLI(KEITHLEY 2401) % FV 7z,

Fig. 2 12 24 27— n B!
72T 73 ATIL 2HTLAE Poax 238K L7223,
Xy BT 4 DIRWNT N ZATIXT A YIENILN D

Research result

REAT =V EKGT T — &~ TF =FEFT 18.0°CIZRH, BE— N
TIREZZATG Uiz, WEREPT R B L OYEMEIE Vo
Z 4 BEHETHBI L, Puax=VodR O RFBEEREZFHEA Lz, BEXFRICITT 2 AV hA—%—
BEHNENET /SA AD Pmax & VA YIEOWEOEREZRT 3, Frv 7 1 %M
T A Yiig & ORRIZOWTHIEER BB A BT,
IZONTHEHEFLOIE TIZ XY Poax (TR L7228,

x

X ET 4 DI BB 03um THHTH LAY | ZTHBARIEF Th P MK LD 12, F4 BT 4

ET A AU Si U A Y
AU

WCRERIBEZEZHMTE 5500, ZOMREETZEPHGESE- L 7 H O

2720 Si VA YIROEK L 5BMGIORA & & b ITIREEORBD bBHEIC/RD 2L 2R LT

W5, HIZE A, Si VA YIdE 03um FRE E TR TH, UA YHlEOIREZEORD X0 HNEHETO
B DHEPED , BEEEZENIELNDZ LEE2RLTVD,

2. 2 Si LYREXFVYETARBORKEL 10000

AFETIE n WL 2L p ML 2B EDET N ¢

1 VI ERBET A ABRELE 4 voEvay S0 °o°,

RTIHRL 1 O —MREL, n BLZ ORI 36 & 4 ® BO e, *

um, p BL 7 OMEIEL 55 um & LTl L7 OA 2 E— ;;, 9 99 Q @ O o L
§UARME ST, V/ORSE 025~T0 ym, ¥ 2 10 e R 5
YET ATy F U TME Weay &2 0~20 pm DOFIPH T ? ][O s3m @ z0um 2

(b, BB RIS 5802 E 7=, B 3 O Sum  © t5m %
BT 5.8°CL Lz, £ o X222 -

Fig. 3 7 /A AHR CHUKRIL LI BRE & L ot o 10 100
JEOBIGRETT, Weay=83 um TILL 7 DE XM Si-wier length (um)

< 72513 CREE A IR T S EAA A

N, %0, LU LTNIERIEN R 240 Fig 3L & 51 L7 ROBIR

BT 22 ERNEDE D, — . WenZ15 pm CHEBEBENRAL 2L 7ERABN, ZOEXETF
6% & RBBETHNCEE LD, 70, Wy DK E & BICRBHEEO E— 7 (TBEITE L 7B L
oo ZHUEF X BT A L ZOMRMIGELTLE S 20T, 22 ETELTLE ) EHICIERAA
ThhD Si R E OROBURFINBEKR L, L/ NOREENBANCIET 5720 IR TX 5,
ASRIOFMHRETHONI-REREORE _
il Wea=15 pm, L7 Sum D& XD H D w0l T e | K Thiswork

T. Poa=1055uW/em? [Z5E L7, FIMEEEE < 108 o ® Curtin (2012)
THK LR EE (R ERRE g 104} L # u W Hu (2019)
uW em?/ K2 G, THECHESNTEE Si 2 jpl— no @ e | 0 Yenemsana 2020
RIMERET A AT2IOMRETHD,  Boao| BT 0wl A Strasser (00
R T AV DA N S | Y e © Yo
TEIZUD, EEEEHIORMDRHY X 51&3//“" o O e l0

B 72 B0 R T — 7 7 7 B o] _ ¢ Li@o2)
ATHREARSD 5 —HIREMOD RHIA  104=" . 700 o o6
bHoHE %Z_ %ﬂéo ENILEEZ AT (K) Norris (2015)

3. EXH
(1) PEBHEE,
31 HHFE, B8kH : 5Ff 34 9 A 21 H.

ﬁ*WMk%@@@ﬁJ%%ﬁ

PERE O B

% 6947349 &, HFEH : Rk 28 4 8 H

(2) M. Tomita et al., Modeling, Simulation, Fabrication and Characterization of a 10 uW/cm? Class Si-Nanowire
Thermoelectric Generator for [oT Applications, IEEE Trans. Electr. Dev.,65, 5180 (2018).
(3) M. Mishima, et al., Si-NW Width Dependence of Power Generation Performance of Planar Integrated Micro
Thermoelectric Generator Devices, SSDM2025, PACIFICO Yokohama, September 16, (2025).

(4) PERZEE, “RIFERE U a L BET A R,

EEY=F . NEIN
FEL X\ —F~ = iff

3k, 145, 371 (2025).

(5) T. Miura, et al., “43 pW/cm?/K?Normalized Power Output Thermoelectric Device Boosted by Cavity in

Substrate,” SSDM2025, PACIFICO Yokohama, September 16, (2025).
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Mechanism of step unbunching phenomenon on 4° oft-axis 4H-SiC(0001) surface
by OMitsuki YOKOSE and Wataru NORIMATSU

1. HEEH

SiC 1%, #MafxiEE RN Em <, HERD/NEZ N EnD, RU—FT A ZMELE LTALKFIHERTWS |
SiC FERFEICEWAT v IRNFEAET D L, MBS U THOWDBBRLEEN AT » T CEL 7257280
TS, ZADHRERHE- TV NMET T2 2 o T, RWAT v 72O PR KRR ZHERFT 2 2 EAKETH
Do —H. NI =T AME TRIZET 5 T B RIRE R LI W T, MBI WAT v 7 REE - T
B IRDAT TN F U TBRENELDLZ ENHLNTWD, (Ek, AT v 7N F o FBRRITI AR
REHTHY, —HELRoTEAT v IMES 2D Z L3RV EEZ SN TV, L LAY LEITDORIZE
T, on-axis @ 4H-SiC(000)FEE 2T, MBI X > T EE S nm LL LI/ >72 AT v 728, @& 1.0nm
DAT 9 TIPS AT v T T N F U TEENRR I3, Ziud, A7 v 7RI EAE R 3k
BINZ72 B Z LIC X o TAHELD EHIN TS, ZDO—F T, —fki7e SiC XU —F /34 A% 4° 47 4H-
SiC NHWBND, AT v TEEDRKE 4247 4H-SIC ERICBIFT D AT v T T R F U T DA =R
LITRA BT, 2 CTAFZETIX, 4°4 7 4H-SiC000 ) HfE IR IC BT A AT v T T v R F o s
BWHDOA N =X LFERZ B E Uiz, BRI, £ O0HHBREZ ZEICER T 572012, 1650°C THRFF L
TEWAT v 7 &AL SE%, 1400°C ITHEI L T D DR 2 2 2 - ER 21T 72,

2. ERR
2.1 RTFYTTUONVFUITDRE
WDIZ, 4°F 7 SiC000)FEMUZBNWT AT v I T R F
TNECDLEMZTARD =D, 4 vol%DKFEEZEGLREIED
AMb FRPHEH, 1650°C T 10 S MERINEA L 72 E %12, 1400°C T 4
S EREE U7, Figure 1 12, 1650°C T 10 sy IR FE L7=5lkHs
;Uﬁ%ﬁ% 1400°C |ZFEIR L C 20 43R FF L723BED L AFM - "0
R EIET HEE T 7 7 A NV ERT, @QICEBWT, HEilE o
LR S 20~50nm FEED AT » 7 E(000)EH N DR DT T AT w
WS Tnbd, ¥ 47 728X 07 7y MIFEHETH- %
7oo T Z°C. on-axis TR UMBAEZITo T2 HED AT v 7|,
X 5~10nm TH o723 —HO)TiE, &S 20~50nm FED A,
Ty T ORIREL L, FEREITRLUEALE TIEHABERE VAT
T RELNT 2um BEDLNT 7y RBRERINTWND,
FOEDINLOFEIKTIE, AT T TUNRCFUTRELTE =
ZENHEEINS, £, REREITRLE HO77Ey T mw
N @ﬂ:iﬁ@%&ﬁﬁ%#ﬁﬂm&nﬁi%mfw COFHE L. on- e

nm]

axis HRICBITDEAT v T o R F U I TIRBE SRR o ol ; " - . o

toui@_kﬂg\mﬁ7ﬂnmmmn%ﬁ_ BILZAT T s

FUNLTF L IEEIE . onaxis FEHLL RS A H = XaciE Fig 1 @16500CT 10 Sy HIAIEL L 7o RR}

ITTHZLBNTREEND, B L O(b)1650°CINEZ I 1400°CIZ Fii
L C 20 47 [EfRER L7250 AFM IR

2. 2 MMEBEORT Y TOHE BB IO TomE T a7 v A,

AT T T UNTF U TBBO AT = AL E PR 5720

1400°C T DR FFIE 0 B 72 2580k A& VESL L 7=, Figure2 | —mtbf PRFFERER 6 pOEHZ BT AR &7 e
T ANERT, MHPORRKENTRT LI, BIOERDIAT v TP, TORAT v 7% OFF%
I, EIOBEZERK 12~15nm THDH—FH, THOARAT v 7=y UVRMEEFSTWDH I L THD, 1400CT
DOLRFFRF A 0~10 53 OFEF T, FEOFHENR o7z, T, 4°4 7 4H-SiC(0001)KEIZI T D AT
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T T N TF T OPHIERE TR, —Eo 7 vty b Eg
5 12~15 nm OFPHMELEICcm v F o 7 ENH T L 2R L
TWb, ZOFEPHDOHBNT v F o 7S5 FERITEHBETIZAR,
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AT 5T VNS FY SIS LT, Fig 3 £ N
(~IRT L 57 3 FHOAT v IR SN, (a)id.
1650°C THFF LIikB b AELO RV, MtDRNT 72y b X
Thb, 2O 7Ly ME, n=12~16 REOI2)ETHD,
BT, EOF 7 205 120m BEOHENHIMICE Yy Fr : o : :
JEnE—h, 77y NFICRG L OGRERSTOND,  Fig 2 1400CTORFHGIZ 6 5 & L=
Ty F U7 S EEIE. (0001) D5 2R DM T T A &R SO S T 1T A L

72, WO MNRREmE D, (o) TiE. 1 um F2EELL O IRV EiPH

ST 7 72y FBRRBND, ZO7 7y ME, (000D)EIZK L TH 4°Th-oTz, (@QDIREND
(b)DARFEIZEAT T 2 iFE, E72(b)) B ()ICBATT iR 2 BIRICE T AFM BITG N7, ZHiL,
INHEOBENIEFICRSELDZ L EZREBL TS,

40 (a) il (b) 12 HW 120: (C) —
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3. ZEXM

(1) fl 2 1¥ T. Kimoto and H. Watanabe, Defect engineering in SiC technology for high-voltage power devices, Appl.
Phys. Exp. 13, 120101 (2020).

(2) H. Watanabe and T. Hosoi, Fundamental aspect of silicon carbide oxidation, Intech, 9, 235-150 (2012).

(3) R. Sakakibara, J. Bao, K. Yuhara, K. Matsuda, T. Terasawa, M. Kusunoki and W. Norimatsu, Step unbunching
phenomenon on 4H-SiC(0001) surface during hydrogen etching, Appl. Phys. Lett., 123, 031603 (2023).
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Fabrication of graphene/Mo,C/SiC hetero-structure and its electrical properties
by OTakuya Kamimura, Takahiro Ito, Akinobu Kanda, Hiroki Hibino, and Wataru Norimatsu

1. HXEM

777z EBIEEAROBEA R TIL, BRI L D77 7 2 o ~OBEBEEOFHRER L, FR2ETY
PEORBNHE SN D, A TIIBIREAR S LT, Mo,CIZHEHT %, MooClE. #13.2 K THIZEIREE~
Wi THZ NN TWnS L F72, 72 I p)X—% bl T4 EHE L7 ) — X VT4 &2 FFD
ZEND, MRu U VBEEEROBEM S L THE STV 5, NI Mo.C O T EEITE X% a=3.01
ATHDHZ END, a=3.08A D 4H-SIC R Bico B2 o v L ET 2 2 R ENn 5, Fxidon=x
TIZ, SIiC Ft BIZIZRT 2 Ak & LT TiC #ifES° B4C HIEZ T L, 2 bR OSSR L > TE
DOREZT T 7 =2 L TERE 2, DLEZ2BE X TRFZE T, 4H-SiC SRR Eic v A L—H—
HEREIEIZ K0 MooC % iz &8, 2 D Mo,C/SiC k2 2 X105 Pa OEZEH 1650°C TIEVT 5 Z LT X
V. 777 =2 /MoClSIC ~T gz E L7z, ozl eHcxt LT, 77 7= OFEL GRS L
FHEOBEBFIREEZHONITAZ L2 AN E LT,

2. EBE

2. 1 937z /MoC/SiC HHEDREMAE

77 7 = ANERA% OF R O JR ) SRS (AFM)
B a2 1R T, X 1(a)8 L)%, MoC JE IR A IS
N5 TAT- 72 SIC FtkFm OKET v F o TFEMED
25 2 DORELD AFM B Toh 5, IR 1350°C,
HAWE0.1 slm TKFET v F > AR % it L 7250 O 18 (a)
HIZIE, B 1~2 um OEADERL S, ZDEHLOH
WIEZ7 772Dy TICHKT D EEZLNDHIROM
MR BND, —, FEHARE 1250°C, A A 0.5 slm
IS U OB T T R R R B ILD T b &2 0.5slm TKFxX v F 72Tl
777 DB TR SIS,

11.59 nm 842 nm

" Onm 0nm
X177 7 x> /MoxC/SiC B DO FEERE, (a)ik
MR 1350°C, A AJiiE 0.1 slm TKRFEZ v T

2. 2 U357z 0HMH

WHZARRHOGONDL R TY T 7 = ANER AT o -3 RE | O SO & E 7 ElYT (RHEED) /34— %
X 2 1ZR T, @IZRT T 7 = AERIETD Mo,C I DI, AN MoC IZHRT 2 & L CHfiETE
HANY =7 BBl SN, 22T, MooC & SiC O FAEBIERIE (0001 homoac//(0001)sic 33 & O 1120]hmoac//[112
Olsic % Z &ENbhnotz, £72. MoyCIZHRT 5 1/20 A b U —7 OFF(EIE. FKEIZ 2 (5EH 0BRSS T
MENTZZ L aHREBL TS, (DIZRT VT 7 = AERE DO RHEED /3% — 1/ 21E, MooC DA R U — 27 12H0
2T BEOFNERFSI T 72 NACHKETDHA N =BT, T~ O EEIT-T7-& 2 A, SiC
FEMICHET D E—712Z2 T, 1580 BL 2700 em" IZFNENT T 7 2 HkD GBI 2D R R
DEARRICBII SNz, T2 TRIZIERISRWSDOD, 777 2O, BB LOZOHMETHD720
2, EHEE 7R (LEED) Bl L OME— 3 L ¥ —E 7B (LEEM) BlE421T-o7-, ZOREE, SiC &
BUZXTLTO, 15, 30 BE 45 L7127 T 7 = K AET ARy ATz, £/, V779 720 DfE
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X 2 777 ERI%O RHEED "% — 2 & T~ AT My, 777 = UFEARI(a)E L U (b)
® RHEED /X% —, (¢) /77 =V IBRED T~ A7 kL,

2. 3 ARPES IZ& A EFIRAERE

BT 57 xR BOE TR
BEZT~D -0\, A FESS RN *1(a) (b)

7ot (ARPES) MIEZ1T -7, (a) T T —
N, MBS T 72D . T
K fUlfEC, T 7 v a—
VBN ENTE, FOT 4T v R
I, AT R LXK 04 eV ITHLE
LTW/=, ZiuE., Mo.C & DOfHA
TERICL »CTT T 7= RNEF K—
TENTWAHZ EZTRL TN, kA
72, (@ TKEISHIET D k=02 3 &‘Z 7ﬁ ?: ‘//MOzC/S{ig(%J %ﬁ*ﬁ;@@ ARPES &, (a)?(i??
Th . BEOTF 4Ty s a—y i, =YD K EEHTD E-kiR. (b) 777 =D KT-K#ETOD
ﬁmzofiﬁ\é&gﬁm%%oi Edy 8o H—JHEHEIC L D RD 72777 7 = v & MoaC(0001)3
S O T MDY FHEEZ, 2N ENRRE L VFERTRL TS,
Doty —HODPOIE, RBTRLIEZ 77 2 HERONY RITA T, T AMEIETICHON Y R
LMD, 7772 DBFIRBIZBWT, T AU FIZMMORY RIZFEELZRNZ EDh, UL MoxC IZH
kTHHLDOTHDHEEZLND, LOLRNG, Mo,C DAY REIZZRXAFT—NEL->TWNEZ Ebbho
oo Fio, RAICRINEIZ, 7T 7228 MooC DELBHIZE 2 THMBADONRNW A LI,
INDORERIT, 777 =L MooC ORNCTRWABAEAERNFET D 2 L 2R L TND,
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3. ZEXM
(1) T. Shang, et al., Phys. Rev. B 110, 064510(2024).
(2) K. Kimura, et al., Phys. Rev. B 87, 075431 (2013).
(3) W. Norimatsu, et al., Nanotechnol. 31, 145711 (2020).
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Enhancement of Ionic Conductivity in Solid Polymer Electrolytes with Charge-Transfer-Complex

via Promotion of Lithium Salt Dissociation
by OToshinori KOZAKAI, Akinari CHIBA, Kenichi OYAIZU

1. HEEH

H—K o = a— F TSRO, BAETET S E—OR MR X—
PARDBNTEY , EOREIROLDICIETIO S HREUENFIK  A{g)-sk; Donor
Th b, Lif AV BIZEOVEB NS RNVX —BELHT D)7, Ak 5 *

Cl._ _Cl

HRBAE B D720, REMEOBN bR RWIRISREN D 5. o (TS0 Acceptor
Z DT AEEMRRITR A THEHIAME O B EMRE 2 ) 2 S EREm AN al . CTC
BShTwa D, e o

SO T BRI T, A A ARENR U~ =0/ 22 b gy Lo, STt 1o

HENC L > THEH SN D Z ENRETH -7, —FH T, AU 7=2=1 2 A/ charge-transfer complexes.
74 R (PPS) 27 77X TR—7LTHLNDEMEE) (CT) $5K1L, Li L DEALICEY 10*4
Slem (ZIH D DEWA A AREEZRT Z L AME STV D (Fig.1)?, CT S5 H kD53 iRt (2
WEIRBEDMROE ZEE L TV D & B X DALD D GEMZRMR B OMNIZITE R DMF DA NETH D > ‘%

AWFTE TIEA A AREE [ FICHF ST R T2HEDLTH, R 7=V AVT ¢ REFEKND 2225 B
BB Li . WAl (FTHAIE LTl K &) ZlAGbEoma FEIREMRE 2 ER L, 4zL/43
HEFEZ T L2, S5, BRULFELEMER L2 B E LT, IRINAIZ S a4 5 1k 5800 112 NTE
SHEHZ LT, BUEGE - EFZEE - LLEPOHERIND 3 I0RE S TEEEMRE R L, %@4’2‘
REREER X ORI R E M 2 R L7,

2. ARME
2. 1 I—TILRABHZAN-ERZEEAR SPE DA A4 U {zEHM

F9. PPSBRD F—FICHWDIDICH LT 7 v 7 X DR 2T D200, K58 % H
WS TR EIT o 72, AE TR ESILFZNICEE R = F LT ) [y DAF )T —
7 )L (DEGDME) % ishifl & L CHVESAL 4R 2 524 L 7=,

PMPS L 77 &7 % (14-X2V% /> (BQ),CL, DDQ) ZiE&. MEZ LV CT $A % R,
LiFTFSI, DEGDME & iEGT 5 Z & C, @ FEEREMRE L ER L, R&iiA B —% 2 ZJ5E (EIS)
WXV A A MREEEZRH Lz, 72787 XOFBEICK Y A A AEENE/L L, CL ZHW= &
TNA A MAEE R KA R LTz (Fig2), V=7 AL —7HRILZ A M — (LSV) 2LV BAE
ZRE LT EZA, CTHREZKT 5 Z LI 0 EMENBEFICH ELE (Fig3), Kh—-7T 7%
7 W O FE IR AT E N BRI REN LICH 5T 52 EnEX BRLD,

E 10 80
2 None
y o o 8r 60 o
s ~o O T < cL
b gl
" > 8 2 40F ppDQ
ES c
PMPS DEGDME % 4l S ol
c,. c NG eN B 3
g 2r 01
o:©:o o o © 0 o
5 -20 PR EE—
c’ cl c o = None BQ CL DDQ 3 35 4 45 5 55 6
BQ CL DDQ Acceptor Potential (V vs. Li/Li")
Fig. 2 lonic conductivity of Fig. 3 LSV curves of SPE
SPE at 25°C. at 25°C (0.5 mV/sec).
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2. 2 KRYEZLTILI—I)LEZEELE-ERBHEARR SPE DA 4 UinEFH

AIECZ—F VRIS TICBNTT 78 7% L LT CL WA Z & TEWA A AN
/oD N nhole, 2T, KETIHMEEEDOM b &HRMAIOR G Z W+ 5720, &
Ra X a2 BTHBMEARY ~— (P1) ZRINAE L CNZ =B RBEEEARSPEIZER L TA
A NRERE AR L7z, PMPS & CL ZiRA. MEUZ XY CT 85K % 157=, LiFTFSI, LiFSI Oj&
AL P1 SR AEAIRIC CT $4AZIRA LT SPE 2 /Fll#% ., EIS 1KV A F i A2 % L
7oo CT $51KL Li DM i@%ﬁyﬁggﬁﬁmbt(ﬁgQO*ﬁT\PhﬁﬁbDKﬁU
TF L 7Y a—) (PEG) AL LTHWESHE, A A BEEom BITE< B E -7, U
ozt A A AREE N I itkm#/ﬁw%ﬁﬁék%z%mé F7-. LSV Tk 52V

DG EFEN G AL, mOEBLitEZ R~ L7z (Fig. 5).
£ 4 50
2 5 ° ® L Ng 40
Lt ; 8' <
$ - s sf > %0r
o. N0 B R D-OHEIZ & Y =
L 2 R c 20
o o c /[ 3
5 @5 2 @ CTClLi salts/P1 - 10F
2 5% OCTClLi salts S
-OHE([Z &k > TIED R S OCTCILi salts/PEG £ 0
> 9 1 1 1 o -10 1 1 1 1 1
= 0 05 1 15 2 3 35 4 45 5 55 6

CT complex/Li salts (mol/mol)

Fig. 4 Ionic conductivity of

Potential (V vs. Li/Li")

Fig. 5 LSV curve of SPE with

SPEs at 60°C. P1 at 60°C (0.5 mV/sec).
2. 3 KEEZAITLIFBFERENFERAV-ERBEEAR SPE DERLEFE
RITEC, & R u s g A AR LIS B 55 2 Ly 2 o
Mol RKIETIL, EFHEAREEFZEE, VFULEORNS
@53ﬁ$fﬁw4ﬁ/m%r@%ﬁéﬁ5 LERHEME LT A 8l $

P D P E e ERH RIS B E/ RS S R —
M%CTﬁw # M U7z SPE OB PR Z 5E L 72, PMPS
EPR2ERBEL. T/ FEZELTCL 24, MEVZ XY CT
SR & 4537-, LiFTFSI, LiFSI OIRAHEIZ CT 1A% IR A L T SPE
ZVER%, BISICE DA A B8 ELZRH B L, B FaXxi i o
GAHBEDBEINT DIZ N TA A UAREENE LT (Fig. 6), b
FaXxo A28 AT LIk, Li oMtz EE L, (4

A+

2_

OH

o
P2

ionicconductivity o (1 0° S/em)

0
0 002 004 0.06 008 01

[OHY/[Li'] {mo¥mol)

3 RS N
MARBEERR LT D EHZBND, Fig. 6 Ionic conductivity of
SPEs as a function of the Li

salts/OH molar ratio at 60°C.

3. ZEX#

1)Z. Zhang et al., Mater Today Sustain. 2023, 21, 100316.

2) M. A. Zimmerman, U.S. Patent 20170005356A1.

3) K. Hatakeyama-Sato, M. Umeki, T. Tezuka, K. Oyaizu, ACS App!. Electron. Mater. 2020, 2, 2211-2217.
4) K. Hatakeyama-Sato, T. Tezuka, M. Umeki, K. Oyaizu, J. Am. Chem. Soc. 2020, 142, 7, 3301-3305.
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Ion Transportability of Sulfone-Containing Polymers under Polymer-in-Salt Conditions
by OYuki OGAWA, Akinari CHIBA, Kenichi OYAIZU

1. HAEEHN
BELSHOLNTWD Li A AV EMIT= R A —BENEL, £ OBEBRT 3 A
HAWSBNTWDD, RIS KD Y AT BNHDHENREThH o7, £7-. BRT /N AD
HEE OIS B 5 =3V X —EEM ERRD LN TWD, Zih O fiF
WF D728, FERMEO BRERE DG S0 A éhfmé” EABMEO T THmED T
b W@y 7 EREMRE (SPE) XKD EAMR-EME M OBAME S BAFCh 203, Fitfk
%%%m%%%wtm@lwﬁﬁgkw@Lf%ﬁ/m%fbﬁw ENFEL Ao T
%Y, ZhiE, TEKRD SPE ICBWTA AU NEy D& 7 AL MEIHNZ L - Tk sns

ZENRRTHY , RPN TH -T2,

AWFZETIEZ OFEA R 572, SPE O A A {8 4 BT Li o8 o
AU~ =0 LTRSS E B Lz, RISMIZEB W TE, ekt 7 A v MES) &1
iﬁot%%%%T®B%@T EMEDIEB SN TR 3, 1ERIRA A8 2 728 s 1 Ui
RBOmENPHIFTEX S, KR TIE, ANVECEEFHT AR O EEEMRIIRICE W TEWD
A A UEEREE R T 2 END Y, AVRVEAEA LR v — BRI BN TE
VBB 2R T L FE LT, RY(Z—F -2 RN &SR L, SPEIZEA L7=BED A 4

S R A REA L 7=,

2. HAEME
2. 1. RIY(Z—TFTIL-FFI—TI) LZDOBRIEEDA A U IzEHMHE
Lit Li* 5
C{\ N, .r? Q\ N-, rao ? ]
R & CFs FC o g F 3 gl @ .
LiTFSI LiFTFSI g 3 4
-7 © ]
0 Q\/\ o/\/o\/\s § 8 z;;ll:lll':g:
P NN P o it
T b = § g g O
P1 P2 P3 o | Sk
ANKHEEGHRY) v — (P) BLOHERSEE LTHE 920 700
R DAL DFE 72 5 (P2, P3) AR L. SPE [Z@EM L7- [XVLLi"] (X=0,8, SO, SO,) (-)

BRD A A L ASEFE A 540 L 7=, P1-P3 & LiTFSI % 7-|% Fig. .1 Ionic conductivities of P1-
LIFTFSI 27 & = b U MCHR ST T, 27 2 LA e | et complexat25°C.
Kaw7dx A MMk, 2 BFEZERET S L CEMEZIER L, iAo E—F 0 Rk
(EIS) 1T &0 A A AMEEARIE Uz, HlRIZEETIE Pl SR EVEEE LR LIZZ &
N5, RIRMHCBT 5 A A gk ~D 2 VR O[S RSN (Fig. 1), £7-. FEXS
ie 7 =4 4% & £ LIFTFSI 2 F\ /= SPE Tl x#7e b2 #iE & 5> LIiTFSI 2 AW
et & i LT, MRS BT D8N | HTRE M B L7 (Fig. 1),

P-81



T R oo AN

Research result

2. 2. RV (Z—TIL-FAI—TL) EZDBRILERDA T U EEBEDREKRTFE

DA F AREFET VIF 2
oo ® 2 R Lz, VIFRIZKD 74 v T 4712k
DIEHAL= R VX — 2B L7 & 2 A, PIULIFTFSI A A 2 000/ (s 4
D bIEVEZ R L7, L7I23-> T P1 HERNEMEE Fig. 2 Temperature dependance of
Ak LT DITIEMEAL = 3 L — DK FIZ X Y A F > DFf%  ionic conductivities of P1-P3/LiFTFSI

BHEAST kLT T D L EX BILS (Table 1), oS0y TR AZOS

1
- [} 1
o ©O© ©

P1-P3 & LiFTFSI 7572 Table 1 Activation energies of SPEs. -3

CR R NR SRR S Activation energy g4 : 2

T _ Polymer 2 ¢:P3
([XV[Li'] = 0.25, X = O, §, (kJ/mol) 2 5|
SO, SOy) IZBITFHA A P1 8.4 é 6|
{038 B DR BE K A7 & 5 P2 1 g 7|
fli L7 (Fig. 2), &HEEK P3 13.3 é I

S
5 3 35

2. 3. RYV(Z—TI-FFI—TI) &ZDERILAEDESHHE

Table 2 Crystallinity of SPEs. Heating ISWIg LIFTFSI (1st).7€ating § 20Wig 4 ggoc
Crystallinity (% LiTFSI 234°C \A
Polymer , Y y (%) . B b -
LiITFSI  LiFTFSI g § LIFTFS| (2nd) Jawig
P1 45 28 b T |P2ILiFTFSI
H 2 :9°C 96°C
P2 54 33 i [PULITFSI 236°C T lp1LiFTESI .
© -— =9° 94°C
P3 46 32 £ [pauLiTFsI 233°C S |paiLirtesi
T 7°C
2.1 T C{ERL L 7= SPE D#A P3/LITFSI 231°C /\1?\/,
Rtz REEEBENE Y

- B ~ 130 150 170 190 210 230 250 -75-50-25 0 25 50 75100125
(DSC) Ik »T ﬂ‘{ﬂﬁ Lf:o Li Temperature (°C) Temperature ("C)

OFtEBkD e — 27 23]  Fig. 3 DSC curves of P1-P3/LiTFSI Fig. 4 DSC curves of P1-P3/LiFTFSI
S N __wpay  complex ([XJ/[Li*] = 0.25, X = O, S, complex ([X]/[Li"] =0.25, X =0, S,

SNTZZ LD, O ) 2 SO, SO»). S0, SO»).

FEmm b L CWa Z LRy

272 SPE OFEHALIEIT Li fid LITFSI 226 LIFTFST 8 270 #7 1 crystal

\CEET 52 L TIKF L7z (Fig.3,4, Table2), F7-.

LiFTFSI Z# AW E R TIIH 7 AEB A (Ty) BNE

BLLTF I S (Fig.4), L7223-> T, il

\ZHB T LIFTESI & W BB E N m F L= o

(I ST T, G ENEAIRE OB OBGER M5 Fig, 5 Image of P1-P3/Li salts complex

W E LTV, LIFTFSI O AIC L 0 {5#E|CZ% 5 (polymer-in-salt).

T AIEMEIE NN L= Thd EBEZLND,

Amorphous

3. ZEXM

1) Yingjian Zhao, et al., Nanoscale Research Letters, 2019, 14, 366.
2) K. Pozyczka et al, Electrochim. Acta, 2017, 227, 127-135.

3) S. Kondou et al, J. Am. Chem. Soc., 2024, 146, 33169-33178.

4) M. Watanabe et al., J. Phys. Chem. B., 2018, 122, 10736-10745.
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Poly(phenylene sulfide)/poly(vinyl catechol)-based novel polymer adhesives
by OYugo TOSAKI, Seigo WATANABE and Kenichi OYAIZU

1. BAREH

RY 7=V ANNT 4 R (PPS) IXMEMESCERMEMEICENDI = V=T VU T T TRAF 7 THY
HENE, X - ETMER EOTEMBRTIEL, BEME L @EOmMEICHE TE 2EmA kDD D, —
J77C, PPS 1T ffE a2 DA DRV ME A& (S ok LT AR & OBRMEICZ LWRELE R L TV D,
PERIT PPS K2 - (Lo F L7352 L THAM L, #EEMZHMERT S TREMER] OFENE
6méﬁ\%@%@®EMﬁw@ﬁ%ﬁﬁﬁr k%@%@%&ﬁﬁﬂoxﬁﬁﬁm\wskﬁﬁmmw%f
X5 PPS HFEMICH LLLER L, BEERMEIC L0 THOMAEFBAZFIR Lz [REIEMER ] o5 T
EERET S, BRI, WS*%WETJEﬁwﬁ73~W%§W%%ﬂbﬁ7ﬁ/7 EERAIRE G AR
L. WS%W&&A%& X D BERE A IAE LT oWmE T 5,

2. IERE
2. 1 PPSEBRLATI—INFEBERIGLELZTAOVIHEERDER
a) Radical Polymn. b) Deprotection
= @sf
OSiEt An|sole osiEt,
SiEt; SiEt;
PMPS (R = CH,) TES,VCa R CH R CH
MePPS (R = H)
Scheme 1
PPS Kﬁ”ﬁé){ 7‘/&%%%]\ L/f: PPS %EJEPMK (PMPS, MePPS) 6i Table 1 Propeties of Block Copolymers
FEMMEZ R L, HUI0BR T BE/EH ORREN AL 5 Z & Run Poiymer Y1 Feed” 1/(k+)” M," M,/M,”
BEISMIIC PPS & 5 RAAYAT 5 1= | FEHURE © PPS #HiM A% I 0 0 @? o
Al BE SENEWE O FHOMERANTRREE AT, £/, — 5. 080 o017 45 21
PPS FHE(AD EEN T AL T 4 Rid~ 7 alaH e UTHET S 2 P11 67 075 067 62 28
720, EoE /) ~v—DT7VHNVERICEIYD Ty 7EAER 3 86 08 08 91 43
PO 3 - MePPS - - 0 51 28
EERATECH D 2, - - 4 54 050 016 41 33
AWFIETIE, PPS Hf & RS FTE AR OAIHZ B, 5 P2 60 075 054 43 56
TRE 72y R EAER 20 L CRix OIS e h 72 8 9% 08 079 59 6.9

PVCa - - 1.00 14 1.1
— 4)5 =NVAN AN
/I/ %"‘M‘( (PVCa) ») & PPS M%{ZIK %13?&%0 4 % 7§f EJZ‘ ['/ @Feed ratio = [Vinyl monomer]/([PPS derivatives unit]+[Vinyl

7~ BAREIZIE. PPS BB AA B & T4 T VLTS E L TN monomer). Determined by ”'H NMR and “GPC of P1' and P2
BRI K0 a2 EAK (P, P2) 24 L7 (Scheme 1, oo™

Table 1), 'HNMR T/ 7 VA /VEGIZEY Pt (Run2)
CUNREN T a— VI RT DY T e
AR L, BR#ERIS AR C=F RO

P2' (Run 5)

backbone | Et

backbone | Et

Me
MR BT 5 Y S F DR b b C_ Ar ik 5
NEERE Sl P S R S oV Sk e

. " . .. P1(Run2) P2 (Run 5) Me

MER LI &Emb, T a ‘—/1/5)3%%{2':%}7& backbone backbone
BIICEAREETH -7 (Fig. 1), £7-. Ar i*ii/Tf kN /TW
PPS FisIA & 1 7 = — L E IR ORURR H 1 on
HHAZ T K o THIME C & | I AT a2 8 6 4 5 o 8 6 4 5 0
n‘/@% L7 7n E = /\%Eﬂg (M ~ 104) L Chemical shift (ppm) Chemical shift (ppm)
TEROLNDZERELNE Aot Fig. 1 '"H NMR spectra of block copolymers in THF-ds.
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2. 2 JOvOHEEKROER - REEFHE (a) [pmps T=174°C
BRLET Ry 7 KEAROM - REREE VY [0, b
Mt & 4 L7z, DSC TIE, PPS TRy 3 i -
(PMPS: T, = 174 °C) & 7 2 — k77 3 e
(PVCa: T,=192°C) IZH¥K L7z 2 DD T T AR SN % Run3 T.= 186,203 °C
BHS U (Fig 2a), 710 v 7 EEAKEMAT 52 [2horsmm —~—|

CUEEPPAET Y SRV RSES T S
NI RIR D 2 Linh WE 20T LUV TRE 00 150 200
%2 LIFRNENCAMTHY | U T 0y 7 KBS R

KIE E RIS 5 = L B D e R T, A
E7. Tay s KEAKE =T LT LT 4 B[RS Ly
LOWHE AFM (T, 10-90 nm A7 — L Ol § [Rms e

I HTBEE S HERB S NI 2 LD | DY) — : :

160 180 200 220

PEERBRD 5 N %\ RAA ZH kK L/f\_ Eﬁﬁ( Mz Temperature (°C)

FIFHCRILTX % 2 & 2SR ST (Fig. 2b). Fig. 2 (a) DSC curves (2nd heatmg, scan rate: 20 °C
min') of P1 and (b) Cross-sectional AFM phase
images of P1 (Run 2) and P2 (Run 5).

2. 3 Jovi HEEHRDOEEET

7'y 7 EAKRD PPS FEME X ORISR (3 U DALEE PET) ~O5E M2 4 L7z, PMPS B X' P1
X, Koo 7% v 2 MR & BULEE 2% C PPS JEARIC K AEE 72 < B ICBE v iE CTh - 7=, R D3|k
SUEIEER L 0 . PPS BFEAR T 1y 7 OF BNV EEE TR XA | (>2.0MPa) L7- (Fig.3a(i),b), PMPS
DH T ABIRELL EOIRE (200 °C) 1IZHET 5L PMPS 71 v 7 O% 7 AL MEEBINFHR S, PPS J
*ﬁﬁﬁf %‘EMHE&)W“Z) 2: THEENES LI ERRBEE N, I, PMPS [ZIEMmME et iEIc

—J. P1 ciﬁ?ﬂﬂ/vﬁ’ff%m%@ (i) % h-:np—sf*;s E’%}
DTFHARTEARM OKFRES « B o i 30 e R
B B 2 L b BAERIC B R e 525 SRR
SCHETE T a— L E RO PPSEIR 2,0l By WERIAGEE
PRV EEE R A3 H E (> 1.0 MPa) §,1_5_

L 7= (Fig. 3a(ii), b), L,u:_ ot‘ IR T/ 37 (1) L 3 0l
7y 7 ILEARIL, PPS 8RO RS T, g
HIFREENE & 7 = — L D4 %WWE i ey
0
fEHE WD R 2 2 SORBEIZL Y | FKER (U 7BPET) PMPS  Runi  Run2  Run3

PPS LA & BIAKEAR DV \fm: ) 2% Fig. 3 (a) Single-lap joints of adhered with P1 (Run 2) ((i) silica-
FALER 72 < HEETE &< H LW AT modified PET substrates and (ii) PPS substrates) and (b) Shear strength
Y —DESTEEER L L CRsge+  of the single-lap joints adhered with PMPS or P1.

LT ENHGMMERST,

3. ZEXM

(1) P. Zuo, A. Tcharkhtchi, M. Shirinbayan, J. Fitoussi and F. Bakir, Overall Investigation of Poly (Phenylene Sulfide)
from Synthesis and Process to Applications-A Review, Macromol. Mater. Eng., 2019, 304, 1800686.

(2) C. Feng, H. Chen, M. Yang, Z. Feng and Y. Wang, Metallization of Polyphenylene Sulfide by Low-Cost Mussel-
Inspired Catechol/Polyamine Surface Modification, ACS Appl. Polym. Mater., 2022, 4, 4445-4453.

(3) S. Watanabe and K. Opyaizu, Catechol End-Capped Poly(arylenesulfide) as a High-Refractive Index
“Ti0,/ZrO,-Nanodispersible” Polymer, ACS Appl. Polym. Mater., 2021, 3, 4495-4503.

(4) H. Lee, B. Lee and P. Messersmith, A reversible wet/dry adhesive inspired by mussels and geckos, Nature, 2007, 448,
338-341.

(5) H. Takeshima, K. Satoh and M. Kamigaito, Scalable Synthesis of Bio-Based Functional Styrene: Protected Vinyl
Catechol from Caffeic Acid and Controlled Radical and Anionic Polymerizations Thereof, ACS Sustainable Chem.
Eng. 2018, 6, 13681-13686.
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FALRZFERZFBE S AATERE BRI, &HE50A%
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Improvement of antibacterial and virus inactivation functions
by controlling surface composition and structure
by OTamaki YOSHIDA, Keisuke TAKENAKA, Yuji SATO, Peng CHEN, Hiroyasu KANETAKA,
Takayuki MOKUDALI, Nobuhiro MATSUSITA and Masahiro TSUKAMOTO

1. IRES

F L ANTERBTECEND Z ENOHBA 7T B E LTHW NS, R 7T F T, A
THENTHERZ D72 T Ny AV FRIEICAOENMEDANA 47 4V AERKT D52 L TRIENEZD,
AT T NORITHELEER T AT T MNABHRBHELE 705, 2 2 TR CIEHICER Lz
SNTBIEMNEZA L, A CEZEOMEZ LRI ED Z ENRRESNTWDE. ZooF 2 WMy 7S
Y NOREIHEA T —T ¢ 7 &S 2 &, ARBRE L GUEEA TSI L, A 7T o REFEZ O A
WEEShsd. 2oLy REFICHICE T2 a—7 o 712, EMEGERICHZ 2@ 0EFBEE S, 1 mm
LU DN EE 2 E O RIEOIR AR D B D . F 2 TAFZ T, EEO L — L TRITH R Z B —I12m
BB 2L TEEBO/NSRRENER TE S~ /LF B — A L —FEEHER(LMD)EICER L-. Fox OfF
T —LTIHEINETIZ, FME~OHRIENFENFEEER L —FEZEA L~/ FE—LA LMD k% H
W, A7 2 L AEH SUS304 EICHISRE I 2 T AR L, PrEati Al L C SUS304 & bhiik L Chied TRV aiE itk
EHTAHIEEMR L. MiTF b SUS304 (A BMRE R EORHENEEI L MBI TH D LD,
LMD E% W T fliT & o E~Ofigi B TlE, #EaR m CeBRILAEMNE LT <, ARG K
IREE 2D FZTAREIETIE, ~/VFE—2A LMD 5% W THET Z o i b~ filigh B TR Rk & 3
B, L—FABENHFIREERIC K ETHELHONCT I L2 HE L.

2. A—T 4 VI EBEE

Fig.1 1T, g —F ¢ o 2 ERAEE O
B %R, 2 BOFEEEEKL —F—FY
= — V(IR T 200 W) B S &z 2 K
DU—FHITNT 7 A4 NEBLTINT A~y K ,
EEL, XLy REANCT AT 4 Bluedode

A LT, B Ay MR oo modules
T242um Th 5. EHIRIEE 21 pm OFISRE K Optical fibers
@i*ﬁif{fib%ﬁféﬂ%ﬁ‘%Tﬂ/ﬂ‘/ﬁx %Fﬁb\sz\; Laser beams 7
L, T~y R /7 X b HRE IS ~ 7 Powder feeder
SRIELICHAE L7z, BEHUCIE 16 mmX 15 mm X5 Pure copper 5
mm DFLF 5 > Hobii A . BRI T A powder 4 y
. 5 5 . —————F Substrate
VT RAAR—Z N — L L, 15 mmX6 mm Coating layer

Da—F 4 T ERE L. BREEGE,

v F TR R T A—Z L LT a—T ¢

VIR EToT. TR LT EE~ A 2| Fig.1 a—7 ¢ v 7 FEERIE EAERE X
J v 24— TCWrmz2 Ol L, fiEHD - o

DB MEE I X D WHEBE 2 T 1=
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3. EERHER
Fig2 |2, R L7cilifi = —7 ¢ » 7 Wiz /<9 @5 1EE 50 mm/s, /ST —#E 2. 17X10° W/en® & L,

Ny F o TR 100, 200, 300 pm, ByARULASE A 50, 75 mg/s LML EHTo. BMyARMAGE 50 mg/s & L
e X, WOy F U TR W TH YRR REP TR S L. — ARG E 75 mg/s D & &
WZIE, Ny F U THERRIC X o> TRBESENZEL L. () Ny F o ZHHEE 100 pm & L2 & &, RENICSEK
DZERBBE SN, £z, () y T2 ZHEHE 200 pm 28V TP CRUE R IEDS L S T2 hs, &6
Wy F Uo7l RE S Le () 2Ny 52 7 3EHE 300 pm TlE B — FRIL25EER, Mo U7 ER s
BRIl ZOREEY, Ny F U TN a—T 4 U 7 OREERSSRMEIE RIS B L RIET 2 & 038
Hinklpoiz.

(@)100 ym, 50 mg/s (b)200 pm, 50 mg/s (€)300 pm, 50 mg/s

A

Af

BZ 1711 pm el B : 113.4 um o
Sa:11.51 pm EUATUEN Sa:8.035 um LML

(d)100 pm, 75 mg/s (f)300 pm, 75 mg/s

X Z2 B

Bl’

FEE : 400.1 um [/ : 144.1 pm
Sa:29.25 ym Sa : 6.487 pm Sa:11.52 pm

Fig.2 (a)/~Nv T ZHEEE 100 pm, By RAEG & 50 mg/s, (b) 200 pm, 50 mg/s, (c)300 pm,
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Additive Manufacturing of Ti-Mo-Zr Alloys
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by OAmmarueda ISSARIYAPAT, Takayuki MOKUDAI, Junko UMEDA,
Katsuyoshi KONDOH, Hiroya ABE, Kyosuke UEDA, Takayuki NARUSHIMA

1. Research Object

The increasing global demand for long-lasting and biologically safe implant materials has intensified the
search for alternatives to conventional Ti-6Al-4V. Conventional Ti-6Al-4V, despite its long clinical use, is
increasingly questioned because the release of Al and V ions has been linked to inflammatory responses and
potential DNA-damage-related complications [1]. To address these concerns, this study explores a new class
of bio-safe Ti alloys engineered through Laser Powder Bed Fusion (LPBF). By adopting an in-situ alloying
strategy using elemental Ti, Mo, and Zr powders, we aim to overcome the limitations of pre-alloyed feedstock
and establish a flexible, cost-effective pathway for producing high-performance implant materials. The work
focuses on addressing the key challenges of in-situ synthesis, including elemental segregation, incomplete
melting, and crack formation. Through systematic optimization of LPBF parameters, we successfully fabricated
high-density, crack-free Ti-Mo-Zr alloys with refined microstructures and enhanced mechanical properties.
These results demonstrate not only the structural suitability of the alloys for modern implants but also the
broader potential of additive manufacturing as a platform for advancing next-generation, patient-specific

medical devices.
2. Experimental Results
2.1 Fabrication of in-situ Ti-Mo-Zr alloy
via LPBF

The fabrication process begins with
the preparation of a customized
elemental powder mixture. commercially
pure titanium (CP-Ti), Mo, and Zr
powders were precisely weighed and
thoroughly homogenized to achieve the
target alloy composition. After powder
preparation, the LPBF process was
conducted using a systematic parameter
matrix designed to identify the optimal
processing window. Three laser power
levels (100 W, 140 W, and 195 W) were
combined with a range of scan speeds to

Mixture of pure elemental powders
\ o e

Schematic illustration of LPBF process

Pre-mixed powder

Meltpool width Lag@mBRam ) r—

Qverlap””

Meltpool depth

Remelt

Process parameter

VED (Volumetric Energy density, J/mm?®) 83 130 200 250 300 350

Sroupl P (Power Laser, W)= 100 W P1 P2 P3 P4 P5 P8
V(Scan speed, mm/s) 1000 640 414 333 277 238

Group2 P (Power Laser, W) = 140 W P8 P9 P10 P11 P12 P13
V(Scan speed, mm/s) 1400 900 580 466 388 333

Group 3 P (Power Laser, W)= 195 W P15 P18 P17 P18 P19 || P20
V(Scan speed, mm/s) 1950 1250 810 650 540 465

T (Layer thickness, mm) 0.02 0.02 0.02 0.02 002 0.02

H (Hatch distance, mm) 0.06 0.06 0.06 0.06 0.06 0.06

Fig. 1 LPBF process for in-situ Ti-Mo-Zr alloy fabrication and
the corresponding process parameters.

generate various volumetric energy densities (VED), while the layer thickness and hatch distance were kept
constant, as summarized in Fig. 1. This structured approach enabled a detailed examination of how thermal
input influences melt pool stability, elemental dissolution, and defect formation during in-situ alloying.

A clear relationship emerged between laser power, VED, and the resulting structural integrity of Ti-12Mo-
5Zr samples. At low VED, insufficient heat input resulted in lack-of-fusion pores due to incomplete melting.
When the laser power was too low, the high cooling rates generated significant residual stress, leading to
extensive cracking throughout the samples [2]. As the laser power increased, cracking was progressively
suppressed, and higher VED further reduced defect formation. However, when the VED became excessive,
keyhole porosity appeared, caused by intensified vapor recoil pressure and unstable melt pool dynamics [3].
The optimal balance was achieved within the mid-range VED conditions, where samples exhibited dense,
crack-free structures suitable for subsequent microstructural and mechanical evaluation (Fig. 2a).
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Microstructural observations confirmed that VED plays a decisive role in elemental homogenization and

melt pool morphology. At a low VED, the SEM images

revealed numerous unmelted Mo particles embedded

within the Ti matrix, accompanied by pronounced melt pool swirling. These features arise from the combination
of the high scan speed, limited fluid flow, and rapid solidification. As the VED increased, the thermal energy
became sufficient to fully melt Mo and Zr, reducing elemental segregation and promoting the formation of more
uniform primary B-grain structures (Fig. 2b). This transition from heterogeneous to homogeneous

microstructures highlights the importance of optimizing
and stable melt pool behavior.
2.2 Mechanical properties

The mechanical properties of Ti-(12,15)Mo-5Zr
alloys were evaluated in both the as-printed and heat-
treated conditions and compared with those of CP-Ti.
The results clearly demonstrate the transformative
influence of heat treatment on the performance of
LPBF-fabricated alloys. In the as-printed state,
Ti-12Mo-5Zr exhibits a high tensile strength exceeding
1000 MPa but suffers from extremely low ductility, with
elongation limited to approximately 1% (Fig. 2a). This
pronounced brittleness is attributed to the high residual
stresses and possible formation of metastable or
undesired phases generated during the rapid
solidification inherent to the LPBF process [4].
Following heat treatment at 900 °C for 30 min and
subsequent water quenching, the alloy underwent a
remarkable improvement in ductility, reaching
approximately 35%, while still maintaining a high yield
strength of around 800 MPa. This substantial shift
from brittle to ductile behavior indicates that heat
treatment effectively relieves residual stresses,
promotes phase homogenization, and stabilizes
the microstructure, enabling the alloy to achieve a
more balanced and implant-relevant mechanical
response.

Compressive testing further highlighted the
strength advantages of the newly developed
alloys. While CP-Ti exhibited a yield strength of
approximately 600 MPa, the Ti-12Mo-5Zr and
Ti-15Mo-5Zr alloys reached significantly higher
compressive yield strengths of about 690 MPa
and 1030 MPa, respectively. The increase in Mo

1000 ]

Stress (MPa)

B [e)) [e-]
o o o
o o o

n

o

(=}
L

the thermal input to achieve complete in-situ alloying

QO

Group 1—

(

Group 2

Group 3

Fig. 2 Cross-sectional and microstructural analysis
of LPBF-fabricated Ti-Mo-Zr samples.

Tensile test

(AP) Ti-12Mo-52r

Compressive test

Ti-12Mo-5Zr*
] F Ti-12Mo-52r™

4 4
HEL~1% !
b I
I

EL~35%

1 *HT (900°C. 30 min wQ)
0 01 02 03 04 0
Strain (-)

0

0.1
Strain (-)

Fig. 3 Mechanical properties of Ti-Mo-Zr alloys before

and after heat treatment, compared with CP-Ti.

content from 12% to 15% consistently enhanced strength due to Mo’s strong B-stabilizing effect. Despite this
substantial improvement, both alloys maintained a deformation profile similar to CP-Ti, showing a gradual
post-yield slope that reflects adequate plasticity for load-bearing implant applications. This combination of high
strength and controlled plasticity is essential for minimizing stress shielding and ensuring long-term mechanical

compatibility with bone.

3. References

[1] C. Gomes et al., Genet Mol Biol. 34(2011), 116-121.
[2] W. Sun et al., Aerospace 12(2025) 103.

[3] Z. Yang et al., Powder technol. 471(2026), 122060.
[4] W. Zhang et al., Addi. Manuf. 93(2024), 104437.
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Development of Dissimilar Material Joining Technology Using Atmospheric Pressure Non-equilibrium
Plasma Irradiation and Compatibility Evaluation for Application to Biomaterial
by OYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Kouki UENO,
Masakazu KAWASHITA and Masaya SHIMABUKURO

1. BAREH

RV x=—F7 vz —7 L% b (PEEK) 1%, @WEEMAOTRE ., 300 °CEEB X 2BV ENE, 70 b NERRE
TCTOENMHESNEEZA L TEY, ZERAR~OIEAPME SN T2 EMEI¢H 5, PEEK 1E, &
AU BRI VE & AR A A B T A REAR Y ~—Th D 2 &b, EEER. MEEE., w75
YRR EOER IR, BHEA T T N, BEARA T T N EOERSBFICEWTIRIASFIH S
TWo, &5, AEBRECENT-SEMEITHD TI BLRZDOAE4E E PEEK DOERENDEINA TV v
REPEHZ, EREEESRICB T 272kl LTIERESNTWS, ZO X912, Ti/Ti 54 & PEEK &\ oz,
EJE & BEMELD X 5 TRy SR & < B 2 MBI OSSN OMNIIL, 5% S DICEE%AHET &
EZHND, AR TIE, KEKEIETFH RF 77 XA~V = v b & AW RELILIC X > T PEEK K2k
BRERAZEAL, AHME LR & DR EHESOEBZ AL TS, KIFZETIE. &R & AHE L
DEBEEAIZB T, RRUEFFEVH 77 XA~V =y MEHW-7 T X< 483 PEEK ZEOWEE - (LEaDIk
REBICH 2 DB L TR REICKITTHRICONT, TRERAREEE LT T X~ LE#% O PEEK
R OAEREGMECET 23R RIC OV TH I THET 5.

2. HAREE

2. 1 BEEBREOMLLEREEENFE

A7 TIE, RGQJERF 77 A~V = v & HWTPEEK FEZFE L, #iF % (TP340) & OEFEHES
BREE AR L7, T O, 7T X~ RETEFR OHEANCE B9RE A KR IXEARICH L, KT
I 13~14 MPa & W) BUVMEIZE L2, ZOBEDN EiZ7 7 X~® RFE/IOHNIZKEEFLTEY,
T8 W OHAITIL30W DA &l L TR 6 503 S TRSOMENE SN . S 512, B+ o PEEK %
HRENBEERRKFTHDZ EAHBA L, FRICEmEEDN 240°CE B4 TF Tk, BEAMENBINICH
ETAHEmBHALNE Tz, TR, TT A OBGRANEEO(LFR - B RSE T e A&
WEETNDZEERBTHR-RETH D,

2. 2 REANEDLEW - MEMNER

PeB B O BTt 52 RESEDOLFHY « WEERZH 572012, XPS ZHWTT 7 X~ AL Fi#
@ PEEK DAL FIRAELZ Tz, 7T A< LB i L7-3 X T PEEK REIZEBW T, RAPLOIRFETIX
R ooz 0-C=0 £72 L OB LFFHEERER O AR Sz, 2 b O e IX 4R &£ m OB b
Wilg & KFEREERAL PRI BEAER Z IR L, BB O S a2 mkIicHF 532 & —RIZBEZ 6T
%o LML, ARICBWTIE, B3 REIRE (170°C L 240°C) TR L=V 7LD XPS AT KL% L
BL7eE 2 A, HBASHEEREEOEESEICITIFEAEENRONR -T2, ZOMEIL, FHIEEDE
VI R D 8ARE ORI B bh . Rl O(LFA G EIRIETS T CTle < . MBI 2B B L e SR O R A
EL b TWAZ L ERBELTND,

2. 3 PEEK RAIZHITIMBEDKREAD=X L

22 DFERARE 2 . WENARERZHHET 5720 SEM B L O AFM B2 41T 72 L = A, KA O PEEK
FIENIIRIERFORRBANC L > TE U THEFHE] LN 5, TS 5 um IR S22 O 0EIR e < 1E
I E M BN GEAET D 2 ERHA LMoz, T ASAUHEIIZOMHEE = v F U JHERICL - T
MBIRIZERE L, Sy (NER) & [RAROMUE CHE 2 EE2 REICEN ST 20K 05 5, REEITIcE
WTh, BREDMROEM T CIIMETs N e GBREMEE) NEE T olzxt L, @ER&E N Tl
FENERICBREINTNDZENHLMNE o7, Fig. 1 IR T L2, BAMEILT T A~ DR SLM4T
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= ¢ - [ Plasma-trated PEEK

= ] 08l [l Pristine PEEK ]
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Fig. 1. Variation of tensile shear strength of bonded Fig. 2. Cell adhesion and proliferation of MC3T3-E1
samples using untreated TP340 and cells cultured on different PEEK surfaces over
plasma-irradiated PEEK versus etching a period of 6 to 120 hours.
depth of PEEK surface.

<, ZyF U RS LT CRAFZRMEEEZR LT, DF D, mWEGHMEZ EBT 570113,
{LFRRERREOE AN A, Z OB 78 &2 52 RICBRET DI ENARAIRTHD Z NP LN E
o,
2. 4 EFHAOES - EEEORL & EKRESY
B%iC, BIRMAA 77 bADISHEFEE L, MC3T3-E1 ‘B 2EMMIaEsn 2 T 77 X< 4L PEEK
DA AVEZ FAM L 7=, Fig. 2 IZZEORERZRT, B8 6 REE & OMIEE . I X O OB OHEhIR
(24~120 FFf) OWTHIZBWTY, 77 A~ % f L 7= PEEK 1RO H DI THEIZEWE
R LT-, ZOWBEOERERIL, 77 A< L > TEA Sz 0-C=0 7 X OB KMEEREILA . #i
BB AT R BEE X X EOWE S L, A ER CTX O ZRANILN 0, I LT VR 2 42
L7z B OND, INHOMAIE, KRRAET 7 A~ ALBEN PEEK 1 7T v S owiEEMN: & K
B 72 RN 22 EME O A [FIRF IS B S5, WD CTHORREEMBM TH L Z L2 RTHETH D,

3. SEXH

JFR 2 i
. Kosuke Takenaka, Soutaro Nakamoto, Masaya Shimabukuro, Akiya Jinda, Ryosuke Koyari, Shunsho Shigemori,
Kouki Ueno, Susumu Toko, Giichiro Uchida, Masakazu Kawashita, Effect of surface treatment using non-thermal
atmospheric pressure plasma jet on dissimilar material direct joining using Polyetheretherketone, Surfaces and
Interfaces 79 108187 (2025).

EFR R

. Kosuke Takenaka, Giichiro Uchida and Yuichi Setsuhara, Enhancement of bonding strength of metals /organic
materials direct bonding via non-equilibrium atmospheric pressure plasma irradiation, The 9th Asia-Pacific
Conference on Plasma Physics (AAPPS-DPP2025), 21-26 September 2025, Fukuoka International Congress
Center, Fukuoka, Japan.
Kosuke Takenaka, Masaya Shimabukuro, Kouki Ueno, Susumu Toko, Masakazu Kawashita and Yuichi Setsuhara,
Influence of Atmospheric-Pressure Non-Equilibrium RF Plasma Jet Treatment on Surface Characteristics of
Polyetheretherketone, The 7th International Symposium on Visualization in Joining & Welding Science through
Advanced Measurements and Simulation (Visual-JW2025) & The 5th International Symposium onDesign &
Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA), 1-2 October 2025 | The University
of Osaka Nakanoshima Center, Osaka, Japan.
Kosuke Takenaka, Giichiro Uchida and Yuichi Setsuhara, Metal-Polymer Dissimilar Material Joining Technology
Using Plasma-Assisted Hot Pressing Method, 6th International Conference of Nanojoining and Microjoining,
November 17 - 21, 2025, Sunbee Village Convention Hall, Yeongju, Korea.
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High Stiffness Enhancement of a-Titanium Alloys through Basal Texture Control
by OShota KARIYA, Junko UMEDA, Katsuyoshi KONDOH and Kenta YAMANAKA

1. BAEEBN
AT, AR o TXZ U AENAET LN FRGHICER L, L— PR RKERE &% (PBF-LB) (Z
K o fEeaEE I dE 408 U C, miIPED D mm e 2 3l L 7ol T 7 B GHES OS2 BEE 7. FFIC,
/NEFRPN I O IA AU N O /NRGIZ & 3 2 @l A ORI Z2 1 SO B E 35, #iibh
N LD /NI, MEPEREZHERE L7 E £, BB L OEEEPHROERIEN R R TH 503, Zihix
R ORI FCEENROIK T2 <. BUE, E<HVWLNTWDTF ¥ A3 EREAEICEND —
¥, O THEITK 100 GPa L ERFMEIOSRREICE EFE Y, SRR LA RE RFEE RS> TV D, o
FH A4 hep MIEICH KT HBEE R DR GMEEZ /R L, KT T 150 GPa O @EWY o VR EHT
L. LML G, ZHhE ORISR ZEREICHET 2 FEIM IS TE LT, TONFRGEEZITHL
MBI FHIER SN T I a7z, ZHUcxt LC, Fxld CP-Ti IZ PBF-LB rt® A %425 2 & T,
VR E P T R S 5 B 2RI B 1 AR L 238 U C, @& MR L Coi\o S i B MRk 3 T Al &

NHZ L, TS TEEFBICBW TR R OR LS EORBENEHT L Z L2 R LT

SO TR EDOM EAHE LT, afBLETTHETHD ALIZE Y Ak L7z Ti-9 wt%Al (Ti-9Al)
Bl e R G JEERIBC AR DI A & A D . Ti-9Al &A% CP-Ti I N CRE A mmE LA fF S5 — 7,
AL X0, B A AR O T AR B B e B 2 B 7 BB C O L 3 L S 4y, Blafiik o
AR L 72 % . ARBFFETIE, Ti-9Al Gl W CEmALAMME A EBLATRE L 9% PBF-LB 7' A/XT X
— A BRI D, ST, RHUERMC LV IER LR A XOERR 2 R L C 252850 & 53
HT LT, aF X ERNAT HIFRGEEIEHT 2MEREGGHEH O AL EGET 5. L EZE U T, [
FaBC A EAENC L D EtERE L) LW O BT T X CAEREHEE AN L, ERE - SEEEEER I DR
HACEIRT A AMEF~DOREBIZE T 5 M0 « S A2EET 2 L2 N ET 5.

2. IERE

2. 1 EERERBEBEZEERATEELE TSI TO0ERNTA—FDER

FlEEREI T 7RER (K1),
ZEHDOFRAELE E STIZ, K
73 JEE T B )RS fm b ((2) H AAER)
DORE @Gy, BERLF 22BN
BT DR EHRRL S D T

SSERRTALER ()BT ~LiE B.D.aTi 1010
BLTWBZERDhol. % RS e
OFER, K mfC AR E R SR 2l _ g 500limSs 0001 2170

L— F O E 3~4 mm BEE :

CUMHRTE odnoT-. =0 X 1 (a)Ti-9Al FE AR D XZ Wriki OM 14 & (b) & AER D IPF map.
FIAE LTCL—F 0P 0 iR LRI L — O E AR
EMEEL D BT L, Mo xL¥—%E (LED) 2L 7~
ZERBZ L[]

JES TAIC AR AR D TR IV LED SN B L 72 5.
L22L7e23 5, ) LED §fEZHERF L7208 B2 LORE S
452 LIxREECTHD. £ 2T, BEOEE T —
DY 7 & 0mm &35 L TEILOBEMBEZFETE L,
2L DOFENR L JEREMAZTER L TV AR S, 2247 Bkt e '
AL CRERC A AR STV WEIRIC 295 2 & 2 Ti-9ALEIAR(E R > 7 h=0)D(a)XY Wrifd
EZ. M2IZEEOL—FEESF =D 7 &0 (Z=10mm) & (b)Y D XZ Wriki > OM 4.
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mm & L TCTER L7z Ti-9AL SR D OM Bk R 2 3. fek, Eimbd s sabi O R ILE & 3 mm 25 T
BWEINEED = D%t LT, AEETIEE S 10 mm 2BV TG ERE A SR ORE SRS L. Ll
RING, L—HOEREEMET T LM E —HD 7Y v FITT, ERFRECHE %2 A 2 MoK 23 TR
STz, ZORKEZRET L EEREIS TERIZ IR OFEAT 217 > 725 58, I B a0 CIIia b 23 8 < JA
WOIZxF LT, SHIRIFRAR 2 Ak U 72 fEIR CIIARIH N RS o TV D Z &3 o7z, ORI E LTE
22— ADWBNEZ 5N 5. PBF-LB 7 ut A TlE, L—VRENCAELZE 2a— 252 RETDHDOIZ, Ar
TAEFHRLTWD., ZO Ar HAD 7 a—Fa e L—HFOEETHN BT 5 50IIXREt A %< 20,
FRNEART DA IITIERM RS 725 Z ERHE SN TV B[2]. AEFRARIZE N TY, ERHIA R E
MEL A ClE Ar AADO 7 a—Jm & L—FOEIEST A —E U, RGOSR RS C I 7 [ 23 B
ZLTEY, MESHTVWEIHEL KL TV,

BT, Ar 7 e —HAOREEREL, TXTOZY v K CTERAE
MR 2 e T 27212, Ar 7 a—Fh & L—YER TN H45°%
B L —YERENAY - TER L. ZOMBEEZX 3 IR, L—
OV IR LERZ RN T, JAVWGEIR CEmE MMM SR S5 L 912 3
g7z, IPF map (Z KU fESECH Z R L72RR, RmICEmiRZ K : Ot
RTIREPHER SNz, DLEICEY, HIE LEELOBETEICL DK B — ' W4T~
R AL > K B & i LT = & 2R LTz M3 Ar 7 S L

PLEORERL D, Ti-oAl 24lc Bl B EmERIREDOTRE Lok 0 LT TROALGREO@XY i
R, ZAREMEORME Y & bic, Wk KR sy (Z10mm? OM & & (b)IPF map.
AT7u—L L—WEEFAOBBRENEE THDZ ENHLNE Rz, WURERE Y- ERATH L
T, EEA AR O KRR S &P ORISR R L, PBF-LB 7' 2B AL D o % &40 Ll
HIEN DA 20N SERE X 7=,

2. 2 HEFEAMORRESHEECOREIL

. NN 1 — ERAE E@ER | EEAD A P
T‘p9Ali%J‘(Eﬁﬁﬂﬂ%%M%? o o kmem mmemm 210 [mmeem .
D FiEa S Uiz, AR T, Kl 52000 ¢ ~EHik § 1900 gk ki
FIKHER D S B M 2 R EET 5. 4 5 ||, rzzzzzr ~E = 1700 DA

PAREGY o Gk 1A 1500 - ! 91500 _Olaﬁ?ﬁr"’-.‘
DI, JERFERIC L0, EHEE A, 8 / ! S o | AKEHE
BRIGKLS X OV 572 5 2 FEO S 2 1000 ¥ > 1100 | &
G MOE R AN SAURGEE i S '§mo’ h 8 g0 | 2
ey h—AMSHBEEM L. £ 2 ¥ 700 | A
DFERZ K 4 177, $RIRkLI L O 0 : —— ' 500 T —
0 0.1 02 03 04 05 325 350 375 400 425 450

iﬂ/ﬁéﬁﬁ) (5 7L£ © ﬁ%ﬁ‘i}?ﬁﬂﬁffﬂ%@f@i, JHE: Nominal strain, ¢ Vickers hardness, HV0.1

iﬁiaiﬁﬁﬁﬁffii@%éii % 4 K AR % B Ti-OAL SETEHED ()ERERHE & () E v —
AL 7zt - a C , IH i g -

T e

JECTRIC [FRELAR T, A5 10 O JEAET 771% 722-734 MPa T 2 D% LC, &5 0 O EHME /1% 1975-2150
MPa TH VD, ZD7EEL 1200 MPa & K& 72 ) FRGMEA R LI, $£72, % OEAMM 711X 2000 MPa (=2 GPa) %
B2 T-. PERD 2 GPa #kTF ¥ v E41, M7 a FRIC K VHTHTRIL LT HERE B T X &N ETHY, B
MHORENADTZDIZV Mo EWVo T2 LT AZNVOIRMBEER D, LLeRns, ZhvbDimiEOEH
T OEIZELNTEY, VIO Mo OEHIL, TN 70%, 42%% FENED H[3]. AEAIIHEEK
NI DR biEEHC RS X, LT A X L nE E — RIS TSRS O EERE 2 R B L TV D AR,
FEAnEL A & SR OTE A, SIREE - mRIET 2 o OB T IR EHEE E R VIR T R L
TEY, BIRGFIOBLRE D &R TR/ S BB ICE T 2 EELR MR TH 5.

3. ZEXM

[1] A.A. Martin et al., Dynamics of pore formation during laser powder bed fusion additive manufacturing, Nat.
Commun. 10 (2019) 1-10.

[2] H. Amano et al., Impact of gas flow direction on the crystallographic texture evolution in laser beam powder bed
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Strength Meets Machinability: The Synergistic Role of B-Isomorphous Elements in 3D
Printed Titanium Alloys

Chi-Ho Ng'?, M. Adeel Zafar?, Mandeep Singh?, Matthew S. Dargusch?, Kenta Yamanaka',
Michael J. Bermingham?
'Institute for Materials Research, Tohoku University, Sendai, Japan
2Centre for Advanced Materials Processing and Manufacturing, School of Mechanical and Mining
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e: ng.chi.ho.c6@tohoku.ac.jp

1. Research Object

Additive manufacturing (AM) offers potential for customised titanium products but often results in undesirable
variations in mechanical properties due to metastable phases and columnar grains. Research has addressed this, including
alloy modification [1]. Recently, incorporating f-isomorphous elements (i.e., high-melting-point elements that are
miscible with B-titanium) has proven to be an effective alloy design strategy. This approach tackles phase heterogeneity
and columnar grains, thereby improving mechanical properties and removing anisotropy in commercially available
metastable p-titanium alloys [2].

Such principles improve titanium's suitability for AM and enable quick production of quality parts. Most research
focuses on mechanical performance and grain size, neglecting machinability. AM parts often require precision machining
[3], regardless of the process (laser powder bed fusion or wire-based directed energy deposition). On the other hand,
titanium alloys are hard to machine, so understanding how alloy composition affects finishing and surface quality is
crucial. While AM titanium machinability has been studied [4], little is known about machining modified alloys with
unmelted foreign particles. B-isomorphous elements, such as tantalum (Ta), are of interest for alloying with titanium to
improve mechanical performance [2]. Ta is used in additive manufacturing to modify titanium alloys [5], enhancing
strength and ductility. Although such alloys meet ISO 7209, their machining behaviour is not fully understood, especially
the effect of unmelted refractory particles, mainly B-isomorphous elements. This study added Ta to Ti-6Al-4V via laser
powder bed fusion (L-PBF) to explore its effects on grain refinement, mechanical properties, and machining performance.

2. Experimental Results
The addition of 10% Ta to L-PBF Ti-6Al- [EEEI=ES / ) 100 ym
4V significantly refines the microstructure, |
yielding a 47% reduction in prior 3-grain size
(to 23.36 + 4.33 pum) and a transition from
coarse columnar to a mixed fine columnar-

e

~
‘- Ta Particles
L
i J

equiaxed morphology (Figure 1). EBSD
analysis substantiates this shift, showing a
halved maximum MUD value and a drop in the
texture index from 12.11 to 1.96, indicating a
substantially weakened preferred orientation.
This refinement is primarily driven by
enhanced constitutional supercooling (ATcs)
resulting from an increased Q value (~80K)

and an expanded freezing range AT (~32K). } Buia } Buia

- Direction + Direction

Furthermore, partially dissolved Ta particles

serve as heterogeneous nucleation sites, ) i ) i i
. . . L Figure 1 Reconstructed B orientation EBSD maps for the (a) Ti-6Al-4V and (b) Ti-
creating localised, Ta-rich supercooled liquid
. . 6Al-4V+10Ta
envelopes that effectively promote equiaxed

grain growth.
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Tantalum addition (10 wt.%) to Ti-6Al-4V induces a
significant strength-ductility trade-off (Figure 2),
increasing yield strength from 1259.94 MPa to 1360.62
MPa while reducing elongation to failure by
approximately 24% (11.21 £ 1.18% vs. 14.80 + 1.15%).
This strength enhancement is driven by the synergistic
effects of solid solution strengthening (i.e. facilitated by
Ta solute gradients around partially melted particles) and
grain boundary strengthening from refined prior -grains,
and the presence of Ta particles that impede dislocation
motion. Conversely, the reduction in ductility is
attributed to these undissolved refractory particles acting
as localised stress concentrators, which facilitate

Figure 2 Compressive stress-strain curves of Ti-6Al-4V and Ti-6Al- premature cracking and limit the material's capacity for

4V+10Ta were obtained through compression tests on cylindrical plastic deformation.

specimens
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To accurately quantify fluctuating machining forces,

@
2

8
!

Root Mean Square (RMS) values were used, revealing
that the Fy (lateral) and F, (feed) components
predominate, while F, remains stable (Figure 3a & b).
Although the addition of 10% Ta generally reduced Fy
and Fy compared to the base Ti-6Al-4V, a transient
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force surge at 1200 mm? suggests that hard Ta particles o

8
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may act as rigid inclusions (Figure 3c), causing i e £
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instability before steady-state chip formation resumes.  &w: .. Tonavrions  —manveoTars
Machinability was further evaluated using Specific a0 i
20 LA
Cutting Energy (SCE), defined as SCE = o 0 :
o 300 600 800 1200 1500 1800 2100 o 300 600 900 1200 1500 1800 2100
v t Material Removal (mm?®) (CJ Material Removal (mm?) “‘)
V—Cfoc,/sz + F2 + F2dt , integration of the 3-
rem

. . . Figure 3 (a) Measured force signals during machining Ti-6Al-4V for
dimensional force vector modulus to measure material g (@ 8 g g

. . .. . different directions (Fx, Fy, Fz); a zoomed-in view shows periodic
resistance over time. Results indicate that Ti-6Al- (Fx P o) P

. . . fluctuations. Cutting forces and specific cutting energy (SCE) for Ti-6Al-4V
4V+10Ta is more energy-efficient to machine, g P g energy (SCE)

requiring approximately 0.4 J/mm?® less energy than the and Ti-6Al-4V+10Ta as functions of material removal (mm?®): (c) RMS
TI-6Al-4V alloy, with minimum SCE values (6.76 values of force components; (d) calculated SCE.

J/mm?), and compares favourably with literature benchmarks (Figure 3d). This energy advantage persists until significant
material removal (1950 mm?), at which point impending tool wear begins to equalise the machining resistance of both

specimens.
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Development of dual-functional titanium surfaces with enhanced osteoconductivity and
antibacterial activity via alkali-hot water treatment and nitrogen doping
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by Li Chang, Mohammed N. Al-Duais, Peng Chen, Taishi Yokoi, Takayuki Mokudai,
Masakazu Kawashita, OHiroyasu Kanetaka

1. Research Object

Titanium (Ti) and its alloys are widely used in orthopedic and dental implants because of their excellent
mechanical properties, corrosion resistance, and biocompatibility. However, their intrinsic bioinert nature
limits early osseointegration and provides little resistance to bacterial colonization, which together negatively
affect long-term implant performance. Accordingly, the development of titanium surfaces that can
simultaneously promote bone integration and suppress bacterial adhesion remains an important clinical and
materials science challenge [1]. In our previous work [2], alkali-hot water treatment (AWT) was established
as a simple and effective surface modification strategy to enhance the osteoconductivity of titanium. This
treatment produces a hydroxylated nanostructured surface that improves surface wettability and promotes
osteoblast adhesion, proliferation, and differentiation, thereby providing a stable bioactive platform for bone—
implant integration. Despite these advantages, AWT alone does not confer antibacterial functionality.

Building on this foundation, the present study aims to develop a dual-functional titanium surface by
introducing antibacterial activity through controlled nitrogen doping of AWT-treated titanium. Nitrogen doping
under an ammonia atmosphere is employed to modify surface chemical states while preserving the favorable
surface structure and cytocompatibility achieved by AWT. Particular emphasis is placed on elucidating the
time-dependent effects of nitrogen doping on surface properties, antibacterial performance, and osteogenic
cell responses. The overall objective of this project is to establish a practical surface engineering strategy for
titanium implants that integrates enhanced osteoconductivity with effective antibacterial activity, thereby
improving long-term clinical reliability.

2. Experimental Results

Commercially pure titanium specimens (CP Ti) were first polished and then subjected to alkali-hot water
treatment (AWT) to generate a bioactive surface, followed by nitrogen doping at 500 °C under an ammonia
atmosphere for different durations (1, 3, and 5 h). The effects of these sequential surface modifications on
surface characteristics, antibacterial performance, and cytocompatibility were systematically evaluated.

Figure 1. Surface morphologies of all specimens observed by SEM: CP Ti; AWT, and AWT with nitrogen doping
at 500°C under an ammonia atmosphere for different durations (1, 3, and 5 h). Scale bars are 5 pm.
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Network-like structural features were observed on the AWT-treated specimens, forming a nanostructured
surface consistent with our previous findings [1]. Subsequent nitrogen doping did not induce noticeable
changes in surface topography or roughness across all doping durations (Fig. 1), indicating that the primary
surface morphology established by AWT was preserved.

XRD analysis showed no formation of secondary crystalline phases attributable to nitrogen doping. In
contrast, FT-IR spectroscopy confirmed the incorporation of nitrogen-related chemical states (Fig. 2). In
particular, characteristic Ti-N and Ti—~O-N bands were clearly observed for the 3 h nitrogen-doped
specimens, suggesting effective surface chemical modification. Contact angle measurements demonstrated
that nitrogen doping altered surface wettability in a time-dependent manner, reflecting changes in surface
chemistry rather than morphological effects.
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Figure 2. FT-IR spectra of all specimens: CP Ti; AWT, and AWT with nitrogen doping at 500 °C under an
ammonia atmosphere for different durations (1, 3, and 5 h).

Antibacterial activity was evaluated using E. coli under visible light conditions via the film contact method.
All nitrogen-doped specimens exhibited enhanced antibacterial performance compared with the AWT-only
control. Among the tested conditions, the 3 h nitrogen-doped surface showed the most pronounced reduction
in bacterial viability, with statistically significant differences (P < 0.05), whereas shorter or longer doping
durations resulted in less effective antibacterial responses.

Cytocompatibility was assessed using MC3T3-E1 preosteoblasts through WST-8 assays. Cell viability and
proliferation on nitrogen-doped surfaces were comparable to those observed on AWT-treated titanium,
indicating that nitrogen incorporation did not induce cytotoxic effects. Notably, the 3 h nitrogen-doped
specimens maintained favorable cell responses while exhibiting superior antibacterial performance.

Overall, these results demonstrate that controlled nitrogen doping can effectively introduce antibacterial
functionality to AWT-treated titanium surfaces without compromising cytocompatibility. The findings further
indicate that nitrogen doping duration plays a critical role in balancing antibacterial efficacy and biological
compatibility, with the 3 h treatment condition providing the most favorable balance between antibacterial
activity and cytocompatibility among the tested conditions.

3. References

(1) T. Kokubo, H. M. Kim, M. Kawashita, T. Nakamura. J. Mater. Sci. Mater. Med. 15 (2004) 99-107.

(2) L. Chang, P. Chen, T. Mokudai, M. Kawashita, |I. Mizoguchi, H. Kanetaka. ACS Omega 9 (2024) 44568—
44576.

P-96



Research result report
& L A ]

Research result

GYEF AT - ERRBE AR B

Rapid antimicrobial activity of pure copper coatings fabricated by multi-beam blue diode
laser cladding
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by OPeng Chen, Tamaki Yoshida, Keisuke Takenaka, Takayuki Mokudai, Yuji Sato,
Masahiro Tsukamoto, Hiroyasu Kanetaka

1. Research Object

Copper has long been recognized for its strong antimicrobial properties and has attracted increasing
attention for applications requiring rapid microbial inactivation, such as medical devices, hospital surfaces,
and hygienic environments. In particular, rapid antimicrobial activity occurring within minutes is crucial for
suppressing early bacterial adhesion and preventing subsequent biofilm formation. However, the practical
implementation of pure copper coatings using laser-based additive manufacturing remains challenging due
to copper's low laser absorptivity and high thermal conductivity, which hinder stable and controllable
processing. To address these challenges, multi-beam blue diode laser cladding has emerged as an effective
approach for the fabrication of pure copper coatings. Owing to the higher absorption of blue laser
wavelengths by copper, this technique enables the formation of dense and well-adhered copper coatings on
metallic substrates with improved process stability. While the feasibility of this method has been
demonstrated, systematic evaluation of the rapid antimicrobial performance of such copper coatings remains
limited.

The objective of this study is to evaluate the rapid antimicrobial activity of pure copper coatings fabricated
by multi-beam blue diode laser cladding. Focusing on short contact times on the order of minutes, the
antimicrobial performance of the copper-coated surfaces is assessed using both gram-negative (Escherichia
coli) and gram-positive (Staphylococcus aureus) bacteria under standardized testing conditions. In addition
to quantitative antibacterial evaluation, qualitative observation of bacterial viability on the coating surface is
incorporated to better characterize the immediate antimicrobial response. Through this study, we aim to
clarify the effectiveness of laser-cladded pure copper coatings in achieving rapid antimicrobial activity and to
provide fundamental knowledge supporting their application in environments where immediate bacterial
inactivation is required.

2. Experimental Results

Pure copper coatings were fabricated on SUS304 stainless steel substrates using multi-beam blue diode
laser cladding, hereafter referred to as LC-Cu. The rapid antimicrobial activity of the laser-cladded copper
surfaces was evaluated with a particular focus on short contact times on the order of minutes. Uncoated
SUS304 substrates were used as the native control, while bulk pure copper plates served as the positive
control.

- : - - b + .-
Figure 1. Photo of specimens used in this study. Specimens from left to right are: SUS304, p-Cu, LC-Cu.
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Antibacterial performance was assessed using a film contact method in accordance with JIS Z2801
standards. Two representative bacterial species were employed: Escherichia coli (Gram-negative, JCM 5491)
and Staphylococcus aureus (Gram-positive, JCM 2413). Bacterial suspensions were applied to the specimen
surfaces, and contact times of 3, 5, 10, and 15 min were investigated to characterize the rapid antimicrobial
response. After surface contact, bacterial survival was evaluated by colony formation following incubation.
Quantitative analysis was conducted using multiple specimens (N = 4), and statistical significance was
assessed by ANOVA followed by t-tests.
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Figure 2. Rapid antimicrobial activity of laser-cladded pure copper (LC-Cu) surfaces against E. coli (left)
and S. aureus (right) evaluated after 3—15 min of surface contact. Bacterial survival is expressed as CFU/mL,
with uncoated SUS304 (Sub) and bulk pure copper (p-Cu) used as controls (mean + SD, N = 4; P < 0.05).

For E. coli, the LC-Cu surfaces exhibited a pronounced and time-dependent antimicrobial effect compared
with the uncoated SUS304 control (Fig. 2, Left). A significant reduction in bacterial viability was observed
within 5 min of contact (P < 0.05), and further decreases in survival were detected with increasing contact
time. After 15 min, bacterial survival on LC-Cu was markedly suppressed, approaching the level observed on
bulk pure copper. In contrast, uncoated SUS304 showed no appreciable reduction in bacterial viability over
the same time period. These results indicate that LC-Cu provides rapid antimicrobial activity against Gram-
negative bacteria at minute-scale contact times. A similar rapid antimicrobial response was observed for S.
aureus (Fig. 2, Right). The LC-Cu coatings demonstrated significantly enhanced antibacterial performance
compared with SUS304 across all evaluated contact times. Although S. aureus exhibited slightly different
sensitivity compared with E. coli, a clear time-dependent reduction in bacterial survival was evident on LC-
Cu surfaces, with statistically significant differences observed at specific time points (P < 0.05). The
antibacterial efficacy of LC-Cu against S. aureus was comparable to that of bulk pure copper, confirming that
the laser-cladded copper coating is effective against Gram-positive bacteria as well.

To further visualize bacterial viability on the copper-coated surfaces, fluorescence staining using a
bacterial viability detection kit (DAPI/PI) was performed for qualitative assessment. Preliminary observations
revealed distinct spatial distributions of viable and membrane-damaged bacteria on the LC-Cu surface after
short contact times, supporting the rapid antimicrobial activity observed in the colony-based assays. Detailed
quantitative analysis of the fluorescence images is currently ongoing to elucidate the distribution and
inactivation behavior of bacteria on the copper coating surface.

Overall, these results demonstrate that pure copper coatings fabricated by multi-beam blue diode laser
cladding exhibit rapid and robust antimicrobial activity against both Gram-negative and Gram-positive
bacteria. The minute-scale antibacterial performance observed for LC-Cu highlights its strong potential for
applications requiring immediate bacterial inactivation.
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Analysis of Damage and Recovery Characteristics in Cultured Neuronal Networks Using Microfluidic
Devices
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WERMEDHEAKIATH Y | Z DM IREITARDK 9 FIZHET D LVl TRRELRREZ AL TND, K
e CREBWE & LTHWD I 27 VMY (LLF, GSL-MW 29 2) 13, 2O L—hK YL RLA 7D
WAKZEREE L, 8 1R E W) BHIFICDZ > TREROAZFIH LI BRZAFIEIC I VRS =D
Thbd, ZOTRRIZBWT, fidfb Lo 2 WERickrE 97%RE) 7562 LT, I 1T IVR0 & B4
T 5 LRI, EERA~OWIHRNE N E SNDA A AL ENTIRRE~E M T SN TV D SRR E 5T
BHD, KFFEOBIIEL, ZOHKEKOIMT I 27 VK THD GSL-MW 23479 25 EEZLHREEENE 2 B 5 2>\C
T5Z L ThdH, BIEMICIE, EERANOREEA N U AN W CEE AT 2 - iR bre JIZEH L,
B2 7 ) —F O NAEEEEOFMEZIT 72, S5IC, AEN~DISHEZ% 2 b M PEHEMI (hGFs)
WZxPd % I U CRR L 7=,

2. HAEAE
2-1 EARME

IR T VEERICE L COKEIRICE £ 5 £ I R 7 VREIE Mg 101 mg/ml, Na 3.1 mg/ml (K 2.1 mg/ml .
SO4 21.4 mg/ml C1 275 mg/ml T o7z, & HIT, EEEARE TECL D WE LZREEICE L TX, BT
12,347 mOSM/kg Th o7z, AMFETIL, FIKETITHIN L2 b D& FERICTHE LT,
2-2 inBREEM

GSL-MW OHEALIEVER ML, B A B2 305 (ESR) A b7 v B2 7ik%E FHWTENE L 7=, HPX-XOD
FORRICE D AEREIND A—R—=FF L RT =4 TV (0 7) [T DHDEEREMGF Lz, KIGRIZ
k7w 7HITEH S DMPO & GSL-MW Z i L CHIEZIT o7& 2 A, 0o 1%, GSL-MW DU KT
LT 2 2 LR ENT (Figl-1), W T, 72> PN LD AERENDE XTI Vb
(HO ) 1Tk F DIHERICOWTHFHME AT 572, [FERIZ DMPO & GSL-MW A0 L CHIE L 724558 HO -
DB S, ZOHO - IZBLTH, GSL-MW OUSHNC L 0 RERIFH 22 2780 btz (Fig1-2),

——PW —— 10 times diluted

Undiluted
——PW ——40timesdiluted —— 10 times diluted

o pHpeooK ® DMPO-OH i .
Magnetic feld (mT) 3%“ Magnetic field {mT) w
Fig.1-1 HPX-XOD K2 k% Oz~ Fig.1-2 Fenton )12 K% HO -
THETEME THETEME
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& 512, DPPH (2,2-Diphenyl-1-picrylhydrazyl) % FHu>
TealBRRiz k0 BB 7 U EEFMEIZ DN T
R AT o 72, AREBRTIL, GSL-MW OHifiR{k /1 %
KRNI 5720, AR TIRIEMETH D
L-7 AanL e rgaibigxfge e LTHY, fE D
DPPH i EAEH DEW A RRE L 7, FEBRORE F . GSL-
MW & L-7 ZAa/)LE O IFIZBWT, 7L
DT KA L CDPPH 7 P H LA ET HH
M AR S 472 (Fig 1-3), L L, ZOEHREIZIX
FZEML L, GSL-MW OZRIE L-7 A2 /L e g
LG LTRSS THL IR LN o7z, b
T 0.1 mgmL DREED L-7 A /LEVERTH > T
B, EOHRIT 2.5 (EH RO GSL-MW DR DK 3
fRCELTRY L7 AV EBROMBD TEWIEE  Figqg  GSLMW & L7 2= v EURgc k%
IZ%F LT, GSL-MW OIEHIXIRER TH D = & D3RR DPPH {215 M
S,
2-4 HRIE5E
YT ar Ty MREEICH D hGFs & VT
BRI ORI BETEIC M AT B A T Lo, EBR
SMEE LT, MRREDOR D GSL-MW, 2%t
ML L CofiK, BIOERMISEMHIZITV 0.9%
NaCl & Fuvy, 236 el LT 3 4y el (A
PR) SETote, BEMIAHL ATV 24 IEfEREE LT
B oD H Bt O 2 BRI U 7= (Fig 2), £ 56 FREE DR 3
T A L MWK K AR AT - - BE Tl
IRBRIR BR BT K 5 R 70 iR 22 A 25 3 Al s~
OHEREEFIEEZ LZ B 2 b, AR
LSIEVMEZ R L2, £72. 0.9%NaCl T X 5 i
HEIZBWTY, AL EEATORPSTEARLEE  Fig2 GSW-MW 05782 FRIEEIC 51 5 3 4R
B L bl U CL MR AT RITH) 33% DA 3388 5 PRA%Z OO o b e
N2 Z L, WA BREBIRIC L 2 & 5 Wi
BREEH) 7250 BN R ST, GSL-MW ZLERRE DA FIZRE L Cid, 10 fi536 OV 100 574U 2 F O CRITLEE %
ﬁotﬁm\%@Efﬁio%mmn@@ﬁ&ﬁ&§®Vwa%%énfwto~ﬁf\ﬁﬁmmmMW
ZRWEIGAITIE, MAREERE & RIS AAFILO KNG 7280 3B S, @iRE Cl3m W aEEs 2 f
T5HZ &#%%W&ﬁotoﬁ% 1000 547 GSL-MW AUEREE O AAFE1E, MAMLERLEE & i U3 &
WZEVWMEZ R LIS DD, 0.9% NaCl BRI ZIT MR 22 s o 72,

3. F&H

ABFFEIC LD . GSL-MW ICIZHARE TV —F PV ZEET LN H Y . GSL-MW 12 X 2 BiLEL S H
KICEDIRIRIBIEA b L AR E OB R BRE S5 hGFs Z{R#ETE L Z RO ME o, ZNHD
FEHIEL, GSL-MW MR OB A MEFF T 21 OO HBREAI L 0 H 5 Z LA 7RB LTS, Lol
BH, WS ONDFIIKRE LT TH D, FH—IZ. GSL-MW DT 2 U /VIHEEMEZHE 9 i 38R T
R THD, 5 12, GSL-MW O T ¥ B NEEIEM: & IRRERN R & OEERA e BEME X KR E LTRIT
oD, LIER->T, SORDLMEDVLETH D, SHBOTESE LTIEL, AENMEZEH L ClERER 21T
ST bz, FABFICEL THLMREZED TV FETH D,

S5 3
1. Takayuki, M ; ef al. Radical Scavenging Capacity and In Vitro Cytoprotective Effects of Great Salt Lake-Derived

Processed Mineral Water. Antioxidants., 13(10), 1266 (2024)
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—REAES X UERRICKD/NIL—UHRB X TV A
Co Cr-Fe-Ni-Mo &€ DB M ERMIZKRIXT Fe - Ni DFZEA420H

FAERZFR SR TEprgeRt O LA, Wk, R, .
W - M TER RS SR e v 2 —  fERSE T

Elucidation of the effects of Fe and Ni on plastic deformation of Co-Cr-Fe-Ni-Mo alloys for
balloon-expandable stents: First-principles calculations and experimental approaches
by OKyosuke UEDA, Hai HIYAMA, Tomoki NAKAJIMA, Takayuki NARUSHIMA and Ryoji SAHARA

1. HEBEH

Co-22Cr-17Fe-15Ni-4Mo (mol%)i& ASTM F1058 IZHikE SN D EMRHAEETH Y | EN72mE, TS LW
MEEEATDHZ LN, L= AR ATV R &V o R EREIRICA VOIS, (KRB~ O F ik
EWVISBRNO ATV MIPMIAER RO B DD, FME LTS HRDENGIRIRS « (KRR - H3E
PERERINTND, S —ARERI AT o MIBWEERRICIE ORI 25 720, ZOMEER%
OB NMLE L 72D,

FEJE K B = /L % —(Stacking fault energy, SFE) M ZE 28 O CFCAIIKR 1T 543, SFE % FEBRAYIZHE
T 52 EOEES TR, T, HJREFHRICK D SFE OB HIL, TEMOMEIERNEM:E 75250
REBIZBONTHAENTH D,

AWFFETIL, Co T LEREETHH Ni B LU Fe 128 A L. Ni B X8 Fe 82 SFE 3 L OHEMAY RIS
RIETHBLZREESTHZLAANE LEO, Z0bo7 Fu—F L LT, HREMEFEIIC SFE 2345
Ll bz, FEBRAVICHAIFARRZ LI X OB R A F A L 72,

2. BIRER
2. 1 F—REFEIZKS SFE O

% — R G 1X, VASP (Vienna ab-initio simulation package)% FA\V 7=, A5 AIE E4] & FF L9 2% 72912 SQS
(Special quasi-random structure) &7 /L& {ERK L7=, A—/3—& /LI face-centered cubic it 3 X4 X9 (d‘ 108 Jiit
)& L, ML Co-23Cr-yFe-xNi-5Mo (mol%, x = 027,y = 0-29) & L7z, FeA&IERM%E D A — S—& Tkt

L, BEEBLIO<N2>H M OB EZEAT L2 L THBRMZEA L, —RILBE XKk L F—
(Generalized stacking fault energy, GSFE, Yosr) % Yasr = (Easr — Eo) / A KLV HH L1z, T 2T, EylI5Eafkdih D%
BERO TRV —[m]], Egseld—MALREE KKa% AT 5RO RVF—[ml], A 13FERE KGO mfE[m?)
T D, Fig. 1 12 GSFE H AR[(Perfect)ds L O 9 @ IZ<112>77 A2 & C GSFE # A (USF: Unstable
stacking fault, ISF: Intrinsic stacking fault, UTF: Unstable twin fault, ESF: Extrinsic stacking fault) > A —/3—& /LD
PR % 77T, Fe, Ni fililia 2L S BT AERICONT, ZNENORREICI W CEEIZ L W HH L7= GSFE
(Yusr, Yisk» Yutr, Yese) & Fig. 2 (¥, MM #f IR 235 53, _ﬁ@ﬁﬁ/ TRE D =L — 28L& B R
Tl ERahd, AP N b L<IE Fe R Lyise DBIFR % Fig. 31277, Ni b L <X Fe lRENEMT 52
& Tyse (TN L, EOIIMEIE Fe £V H Ni TREWZ ERPLNE -T2, T4, Co-Cr-Fe-Ni-Mo
REAIZBWT, NildFe LV % SFE ZHIMESE2ENENZ L2 RLTND,

Perfect USF ISF UTF ESF
08080 08060 o080 Oe0-8 e
Ex
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>
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Fig. 1 Schematics of supercells with a nine-layer fcc structure and a relative translation along <112> direction.
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2. 2 FEBRITK HHEMEEEDFEE

& R BRI 12 T Co-22Cr-yFe-xNi-4Mo-2Mn-0.4C (mol%, x =
0-26,y=0-17)542(500 g) % 12 FLAIARL U7 IR L 7= 5 4loxt L,
EAREEAE(1473 K, KA, 226) & VRIREALBE(1473 K, 18 ks, Ar FR[H
&, KN LTz, Wik A% 36-51%DHMA T = —Y v 7k,
PR L BVILER(1273-1323 K, 0.9 ks, Ar 2%, KA & M L i Sk
£¢ 20 pm FREE O S fn A bARR & LT,

Fig. 4 |ZE A 1.67 X 107 s D 5] 9RFER % O L 7230k et
(hexagonal close-packed #ii&) 7332 K GaBICKT L TFry ML
A& R, EBAFBE~NT A NERRICHE D e/ IT, Ni &
DHEIN4 52 & TR LIz, 2 Ni &34 5 Z & Ty
(face-centered cubic #1&E)ZEMEN M LT Z & &7~ L, SFE 2380
L7z Z L EBEWT D, ZORFIIFHE TEH Lz NiREBICH S
SFE L5 LHEG U, VI OMWEETEHIER ~ LT A RO D
DU TRV T H & 2R 5,

B Ni 38 KO Fe IBE L MO X OWRE OBIFR % Fig. 5
2T, 7ok, XPICI3ss —FRERHE CHEH L7ovise 7R L7, Ni
BILO Fe BITRAGEMEB I 02%IM ICITIEE A EFREE K
FE& o7, —Ji. Ni BXL O Fe 0HINIC XYW SFE (38N L .
VEPEOVE BN & 7o, MM OO INEA L Fe LY & Ni TRE
NoT7,

DL EDORER) G SFE 45 2 & Tt AR RE & Ak S
D2 EMARETH Y | Co-Cr-Fe-Ni-Mo 52 A4x12 BT 0.2%Ilf 71 % #E
FFLIEE ARSI 88HHBARETH D Z EXRENT,
LSBT NEA T v FHGEORAIREZ B L, RE-EHRLD
SRR EEL LT RSO ITHIBIEICHE B LI-EmM - 55
HIBFSE AT O TETH %,

3. ZEXH
(1) K. Hiyama, K. Ueki, K. Ueda, T. Narushima: “Probing plastic

deformation-related properties in static recrystallized
Co—Cr—Fe-Ni-Mo alloy for biomedical applications,” Mater. Sci.
Eng. A, 899 (2024) 146458.

(2) K. Hiyama et al.: “Effect of Ni and Fe content on the plastic
deformation behavior of Co—Cr-Fe-Ni-Mo alloys: A combined
computational and experimental study,” J. Alloys Compd., 1042
(2025) 183927.

(3) T. Wada, et al.: “Clarification of the effects of carbon and nitrogen
addition on the stacking fault energy in Co-X binary alloys (X = Cr,
W, and Ni) by first-principles calculations,” Comput. Mater. Sci., 262

(2026) 114374.
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Fig. 2 Generalized stacking fault
energy curves.
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Fig. 3 Change in yis¢ with the Ni or Fe
content.
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Fig. 4 Hcp-phase fractions of the
fractured alloys.

Fig. 5 Changes in yisr and mechanical properties with (a, ¢) Ni or (b, d) Fe content. (a, b) énd (c, d) show the

variations in plastic elongation and strength, respectively.
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BBMHEE RSy ST )N — R T LDEIRK
—FesOsF/ FIF-AYR—F RV hiEEARDER—

FOXRH AR E I TP SO AA, ARBRER, 285%F, Afke, ORTFHIR
RALRZE B EIEAT Ml

Development of Thermo-releasing Drug Delivery System
—Fe304 Nanoparticle-Mesoporous Silica Composite—
by M. Kusano, Y. KUBOTA, Y. ANRAKU, T. IKOMA, N. MATSUSHITA and R. UMETSU

1. HEEM

FesO4 IZERICIEERBMEE T I v 7 AMEHCTH Y | SNBSS 2 55185 £ L CER S T
INTND, (1) AVHR—=F AU IiE, 2~50 nm DML ZFFOEEKEEMEDO BWZHLEMETHY . KT v
ITUNY = 2T ADDHICHNGLND, (2) AW TIX FesOs 1/ Rif-m A Y KR—F AU ALY s
LEAEETERET S 2 & T, FesOy DRERHFIEL A YV R—F 22U I OfktE % 08 ->F 2 v U 7k
EARL TS, ZOBESKTIIT Y DHALNICDARERSOEY 2 s S E 5 2 L T, EHOBRT~D
BIRA 2R KR 21T O L RIRFIZ, B COEM B & IRBVERN ATRE L 72 5,

SERET, BMEEHHRIHIL W7 2T, N F R AYVR—=F AL ) BOEALIZOWTEHREOEK
Y | e U Rl e

2. EARE
2. 1 FLAUEBEF el T/ HFDOER

FeCl, & FeCls % /L L 2:1(total 3.5 mmol) THli/K 15 mLICIRIE L. ~ 7 RT 4 v 7 AX—F—THEL LN
DB L7z, A LA T~ U 7 L% FeCly » FeCl IIRITKT L 0.25 5D E /L H(0.875 mmol) THZK 15 mL (2
TRE L, [RERICHRER - BN L 72, RIRDS T0°CHITIZ e~ 72 2 & 2 e L7121, FeCly * FeCl IAKICA LA
et b U U AR EEE, S sl Lz, IRATAIREZMEEZICE L, 29 wt%NHs(aq)% 4.5 mL Nz, 5si#
Uz, MHEVEZRA A — 7 L —7IT A 1220 CTREGLEL L7z, KEVRE[H % 3,24,48,60,72h THE#E L7,
mOITHE - MUKTES 21TV, 60 C TR S, A LA VRITE Fes04 7/ BRI % 1572,

Fig.1 IZ7"79 XRD /X% —> & Fig2 ® TEM 4 X ¥ . #42 5~20 nm F2E D Fe;04 7/ K+ DGR ERE S 4L
Too KEMRFOIERAZ K 0 RIEESAA N L L, KEMREE] 48 h ITI W THREVEFMED B WRIEE 10~15 nm 1T 77%
DA LTz, Z OBt fafifig bl 81.3 emu/g, PREEJ1IX 118 Oe Th - 72, 3 mg/mL OFEHAIRIZ A i
(120 kHz, 112 Oe)ZFINT % & 71 CEE 2 DI MEGR STz, ARSI L7e Fes04 1X7F / Bif-& L TiE+4
AL A R D | IRENAIRIZIGH ATRE AR S BVRRIE 2 R D 2 L SRR S 47z,

Magnetite, Spinel e

Intensity [a.u.]

.\,|.||

PRI ST IRT IR T S SN S INN AN AT S S SN NN T T SN B T AR B S 1

10 20 30 40 50 60 70 80
20 ]
Fig.1 Fe;0s 7/ K. 7-00 XRD /34 — > Fig.2 Fe;04 7/ Hif-0 TEM Hi{§
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2. 2 AYR—ZRV)AIZLHEE

2.1 TER LR LEEDOR
Do ToKEARETE] 48 h DA LA
»FRYFE Fes04 7 / i+ 50 mg
EREEFAL RN AF LT
£ =17 A(CTAB) 80.8 mg (Z il
K 28 mL Mz CTEL ok
. 2M NaOH /K¥% 282 uL %

MR Ty Z DR % 80 C,

400 rpm T 30 min 712~ 7

Lo ThTZhF v T

(TEOS)403 uL % F L. Hiz Fig.3 Condition A ¢ TEM {4 Fig.4 Condition B ® TEM [ {4

2 h iR Lo, Wen| Al K O

HCHEMMZEIIL L, 60 CTHMESE, BREMKOERIFG50 °C, 1 C/min, 4 hy TR L7-, 2 a5k
A LTS, MAT, MALIERDOT=DIZT I L 13,5- MV A4 Y T a8 2 L TEETHREG)Z
BENEME T2, ThESRE B &5, £72. P123 EABUEZFIA L TS5 @A) 23 B ITER L
Too THMESRMEC LT D,

Gt A TIE Fig.3 19 RRICAE42 30 nm, 550 B Tl Fig4 (2 TEM 4 Z 7~k 222 50~100 nm OR7-73
fERE S, ZAEAL 100~300 nm, 1 pm FHEOEEERNB O, FF A KD BIZEWTIEA LA UERlEE
Fes04 7 /K7D U BT XD WAFENER S —J7, G C TIE—MaEIMRshizbon, Ko
AV KR—=F ALY B OHOIEERZ IR LT,

3. ZEXM
(1) Mahnaz Amiri, Masoud Salavati-Niasari, Ahmad Akbari, Adv. Colloid Interface Sci. 265, 29-44 (2019).
(2) Fangqiong Tang, Linlin Li, and Dong Chen, Adv. Mater. 24(12), 1504-1534 (2012).

(3) Jixi Zhang, Xu Li, Jessica M. Rosenholm, Hong-chen Gu, J. Colloid Interface Sci. 361, 16-24 (2011).
(4) Chunyan Liux & Suyan Wang, et al. J. non-cryst. solids, 356, 1246-1251 (2010).
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SYBE S - EHRRE AT
BEERRRMA D T—TILREEHMHEM B ORSE

WP FRFT7a T4 7 MEMIGERT ORongwel Xu, ZHH [V, ZEM BT
Wan-Ting Chiu, Chun-Yi Chen, Tso-Fu Mark Chang, & 1A

RERIA KT ek vopk, SHH R, By 5lE

WAL RFEZZMER &l =

ALK F o 7R 7e R Ak vEE

Development of the method of radiofrequency ablation intravenous catheter using a conductive
balloon catheter
by ORongwei Xu, Takumi Suda, Tomoyuki Kurioka, Wan-Ting Chiu, Chun-Yi Chen, Tso-Fu Mark Chang,
Masato Sone, Katsunari Sato, No Yoshida, Hiromichi, Kei Takase, Hiroshi Ishihata

1. BIRBEM
TRMEE I EAE & 5] X 2 7RI RS REME MR IE O 8 T A L E L PEAR Z A5 1R L C R R A R T 5
T2 BT —T W K DR MAE 7R AERIR BT T DR TR FIENIRE SN TV A1, Z 05X TVR

(S H—=_rvarrivtny—) VAT AIDEEIN, 3T —T MLV R A v T T L—
va il LT, BRINENT 78 AR & 538 EREY A X10G U CREARHZ R E TE,
S DICEEHERITREZ N LTHZENTED, RERILZ DO D)V — B 7 — 7 V& B
HTDHZLERKBELT S, TOERBICHET, A7ay=s bTHE, 7 VAREmHEEE L—
AR L, ZNEIT—T T 7 U 7 LEBEOmMANE L ZatE 2t L, S —mHIV A
TABIOT DA MHEEE ZREL, TS EORMEN T CAWREA L AT L%, 77 FAICE
D ERENE, BlEMCR, JEERR @) REBR OIS LV KT D & AFHE LTV B,

AWFFEHE T, 7 AW EMAEEME AN —VEREBO DO, BEICEIEATRE ThH o+ 758
ERWEEMEAA L, OB EEATED RO SRS A E A VERE ORI 2 ST 5,

R ~2—%~DOERIITAD 2 TIETHLI OO, &REE LR ~—MEHE OBEEENMEL, @il
I ZEMEOM N NFRETH S,
— kA x, BER bR E

(scCO2) Z VN T= fil A b LFR L 4
BED > X A ELED Z & T,
£k &% 72980 2D Nylon 52~
72 Ni-P ¥ > & (Ni-P/Nylon)
ZiEER L7223, LxL Ni-P -
TE, EBEMES NI O@mESRE
Th b, T TR, BEME,
fb2pz e tE, B L OVEEREAMEIC
-4 (Au) IZEH L. Ni-P &
Z BOS FHUZ W [EH# Au O
X2k AD, Au Do =WE Nylon
(Au/Nylon) SR DRI Z BRI E LTz,
T2 EEMROFEMRHEICBWT,
AT FICH T 2 BB OHERE
NEETHILIZD, FRL =

AuNylon D BIFYBIET Ficj1) R | ;
2. HEMERHE AT o 7, Fig.1 OM images of Nylon 6,6 yarns at different stages of processing and

twist numbers: (a-c) as-received yarns with twist numbers of (a) 455, (b)
2 HIERER 665, and (c) 865 T/m; (d-f) catalyzed yarns with twist numbers of (d) 455,
2.1 Ni-P/Nylon fifi o> 1F (e) 665, and (f) 865 T/m; (g-i) Ni-P metallized yarns with twist numbers of

BEHUTHEV 2 3, 5cCO, filffibins, () 455, (h) 665, and (i) 865 T/m
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for < MEFEMRE Ni-P o X2 21TV, #R0 ¥

1200

D72 % Ni-P/Nylon SR&2ERI L=, 2D (a)0 T/m
%%% Fig. 1 L:%jﬂo Fig. 1 (a) 75)(5(0) g 1000 r(a) (b) Z455 T/m
IZiE, R LY #4555 T/m, 665+ T/m, % ol (2565 T
865+5 T/m DARKLEL T A 11 6,6 55D OM 8 %%QK
EifgZord, CNHOEKE, Atk 8™ )

SN 512D TS 1 A3 R 5 L s g 4 | ©

27252 LR LTS, B 1(d)~OiE . «
ScCOMBMIER DF A 1> 66 h&FT, ’ @ g
mﬁ%ﬁﬁﬁ:ﬁ@@ 7 b= y ﬁ)éﬂgjig é ﬂ ° 0 1(;0 260 360 4(;0 S(IJO 660 760' 860 .960 1000
72o Pd(hfapl3sitaz 295720, ZibH Twist number [T/m]

n7 l/“‘ﬁ 0‘% ;d(hfa)f(“d*?) HEFRD 2 Fig. 2. Surface electrical resistance of Ni-P plated yarns versus
Do PRV BN DI04 TR LI the twist number.

Bibl, BAKANBENLTL, 20X

Pd(hfa) D 73 fRIC L0 AR LT @8 N T

VU LIHET L LIS D, K 1(g)

~(i)I% Ni-P HERE TR DT A 12 6,6 54

R, R ETBEINE&BEERIE
Ni-P (ZERKA L, 0 EIZ000 634
BT =Bt E LI Z L &R L
HQAYA)

Fig2 1Z. NiP H» X Zfifi L7=F A1 1>
6,6 RO B L FhEEILOMGEE
RLTWD, BITRT X HIZ, REEX
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Establishing an Integrated Framework for Understanding and Designing Antibody Molecular Dynamics

by Saeko Yanaka
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Enhancing the Photocatalytic Activity and Antibacterial Efficiency of TiO2
Nanosheets via Doping with Ag, Cu, or Ce
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by OJiang Mengtian, Kosuke Nozaki, Takayuki Mokudai, Noriyuki
Wakabayashi

1. Research Object

TiOz is the most widely used photocatalyst material due to its superior physical and chemical
properties. Upon exposure to UV light, TiO2-based nanomaterials generate charge carriers
known as electron-hole pairs, which allow TiO2 to produce reactive oxygen species (ROS).
These ROS are highly oxidizing and could effectively react with dye molecules or cell surfaces
for their decomposition. However, electrons and holes recombination limits the photocatalytic
activity of TiO2-based nanomaterials and their practical application. The issue of low separation
efficiency of these electrons and holes must be overcome.

In this study, to suppress electron-hole recombination and enhance photocatalytic
performance, we synthesized highly ordered TiO2 nanosheets and subsequently, on the use of
heterojunction photocatalysts, doped them with Ag, Cu, or Ce via photodeposition.
Consequently, we got three metal-doped TiO2 NS (metal/TiO2 NS) specimens: Ag-, Cu-, and
Ce-doped TiO2 NS (denoted Ag/TiO2 NS, Cu/TiO2 NS, and Ce/TiO2 NS, respectively). The
application as antibacterial agents of these three metal/TiO2 NS synthesized via
photodeposition has not yet been reported, highlighting a gap in our knowledge. In addition,
Streptococcus mutans (S. mutans) is closely associated with the development of dental caries
and various issues in restorative dentistry, making it a critical focus of dental research. In this
study, we characterized these three metal/TiO2 NS, and studied their photocatalytic potential
by assessing their ROS generation, and by conducting methylene blue (MB) degradation
assays and antibacterial tests against S. mutans. We hypothesized that the deposition of metal
ions as dopants onto TiO2 NS would inhibit charge carrier recombination to enhance the
photocatalytic antibacterial activity of TiO2 NS.

2. Experimental Results

Transmission electron microscopy revealed that the specimens consisted of nanosheets of
approximately 30 nm in length and width. The energy-dispersive X-ray spectroscopy data
indicated that the synthesized metal/TiO2 NS consisted of oxygen, titanium, fluorine, and the
respective metals, which confirms the successful synthesis of metal/TiO2 NS. The X-ray
diffraction patterns of the specimens reveal peaks corresponding to the TiO2 anatase phase.
The similarity in the diffraction patterns suggests that metal doping did not alter the anatase
structure of the TiO2 nanostructures. In addition, diffraction peaks corresponding to Ag, Cu, or
Ce were not observed in any of the patterns, likely because of their small particle size, low
concentration, and effective dispersion. The UV-Vis diffuse reflectance spectrometer
absorption spectra and Tauc plots of the specimens revealed that metal doping causes the
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absorption to undergo redshift and decreases the band gap.

Electron spin resonance (ESR) detection confirmed significant ROS generation in Ag/TiO2
NS and Ce/TiO2 NS. F-TiO2 NS and Cu/TiO2 NS produced lower levels of ROS, with TiO2 NS
generating the least ROS. These findings suggest that doping with Ag, Cu, and Ce
contributes to more efficient charge separation dynamics during ESR detection. In addition,
the absorption spectrum of Cu/TiO2 NS has a more obvious superoxide ions formation, even
when the generation of hydroxyl radical is not as large as that of Ag/TiO2 NS and Ce/TiO2 NS,
which indicates higher efficiency in transferring excited electrons to O-.

In MB degradation assays, three metal/TiO2 NS adsorbed less MB than TiO2 NS during the
equilibrium phase. This is because MB is a cationic dye, which competes with the positively
charged metal ions. In the process of MB photodegradation by Ag/TiO2 NS, it is worth noting
that MB was initially adsorbed on Ag/TiO2 NS during equilibrium, followed by desorption upon
UV irradiation. This phenomenon is attributed to low-energy electron trapping by Ag, resulting
in weak coupling to adsorbed MB and rapid back-electron transfer upon irradiation, leading to
MB photodesorption.

In antibacterial tests, after 1 h of UV irradiation, the photocatalytic antibacterial effects of
Ag/TiO2 NS and Ce/TiO2 NS were not significantly higher compared with that of TiO2 NS. This
is because the trap states of metal dopants in Ag/TiO2 NS and Ce/TiO2 NS are below the CB
edge of TiO2, as indicated by their band gap values (TiO2 NS: 3.22 eV, Ag/TiO2 NS: 3.16 eV,
Ce/TiO2 NS: 3.13 eV). The low driving force associated with the decreases in electron energy
levels of metal-doped TiOz2 correlates with slow interfacial electron-transfer dynamics. Thus,
the Oz did not effectively accept electrons trapped by metal dopants on Ag/TiO2 NS and
Ce/TiOz2 NS, resulting in charge-carrier recombination and no obvious photocatalytic
antibacterial efficiency enhancement. In the absence of UV irradiation, the presence of Ag,
Cu, or Ce did not improve the antibacterial efficiency of TiO2 NS either. In contrast, in the
presence of F-TiO2 NS and Cu/TiOz NS, nearly 90% bacterial reduction was achieved within 1
h of UV exposure, which was significantly higher than the approximately 50% reduction
observed with TiO2 NS. This indicates that both surface fluorine and Cu doping enhanced the
antibacterial efficiency of the TiO2 NS under UV irradiation. Without UV irradiation, the
antibacterial efficiency after 1 h was approximately 75% for the F-TiO2 NS and 50% for the
Cu/TiO2 NS, highlighting that UV light substantially boosted the antibacterial activity of the
Cu/TiOz2 NS. This is attributed to the presence of CuO, which forms a p-n heterojunction with
TiO2, enhancing charge separation and promoting photocatalytic oxidation processes.
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Biological Behavior of Alaska Pollock gelatin-based sealant for guided bone generation in
mice calvaria defect model
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by OVYujing Lin, Mika Tsuno, Tetsushi Taguchi, Eriko Marukawa

1. Research Object

Guide bone regeneration (GBR) is a commonly used method to treat bone deficiency caused by tumors,
trauma, inflammation and other factors. Principle of GBR is utilizing membrane barrier to prevent the fast-
growing epithelium and soft tissue from penetrating into the defect site or the bone graft materials, providing
slow-growing bone cells with adequate time and space [1, 2]. However, membrane application and additional
fixation procedure are not only complicated and difficult, but may also elevate expenses and impose a greater
burden on the patient. Hydrogel-based bone sealant which was developed for bone fragments fixation, has
strong adhesiveness and osteogenic property, indicating that it may be a good alternative of membrane
barriers [3]. Hydrophobically-modified Alaska pollock gelatin-based sealant (ApGltin) has been taken into
consideration for its high adhesive strength under wet condition. It has been reported that C12-ApGltn-based
sealant, modified with a dodecyl group, has a promising tissue sealing property comparable to commercially
available sealant materials [4]. In this study, the efficacy in graft stabilization and biosafety of C12-ApGlin
sealant on GBR were discovered utilizing mice calvaria defect model.

2. Experimental Results

Three-mm-diameter circular transosseous defects were created in the parietal bone of C57BL/6 mice. In the
experimental group (AD Group), typical bone substitute material (Bio-Oss) was filled into mice calvaria defect.
C12-ApGltn sealant were prepared and applied to the bone substitute granules. Two control groups (BG Group
and BO Group) were set, in which Bio-Oss covered with bioresorbable collagen membrane (Bio-Gide) or
directly exposed to soft tissue, respectively.

Bio-Oss were shown as radiopaque particles in micro-CT (Figure.1). Three-dimensional reconstruction
indicated that almost all the granules remained within bone defect area at each time point in AD Group. In BG

Ow 2w 4w 6w 8w 12w

Group immediately post-operation,
particles located onto the surface of
calvaria other than the defects. The bone
graft material exhibited a certain degree of
displacement during the first 2 weeks,
with  minimal subsequent changes
thereafter. Similarly, granules in BO
Group lost from the defect immediately
post- operation. Large amount of particles
spread out further into the periphery 2
weeks after, locating in the remote site

other than the defect area, after whichthe  Figure 1. 3D reconstruction images of each group post-
materials tended to stabilize. surgery at each time point
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Total calcified tissue volume

|- N " " " 2 “ within the defect area in AD Group
%3' w g T rg Fg Fo and BG Group slightly increased
g — i i M m e = Ad

§ i = BG  post-surgically, while the ones of the
g = BO BO Group decreased sharply.
f 4+ Volume of BO Group gradually
% " stabilized after 2 weeks. For each
g time points, the total calcified tissue
P 0- o s ps - " oo = volume of AD Group and BG Group

E 9 C fih cified | were significantly higher than the
igure 2. Comparison of the calcified tissue volume post-surgery .
(*:p <0.05,*: p <0.01) BO Group (p<0.05) (Figure.2).

All the wounds healed uneventfully 2w aw 12w
without hematoma or infection. According
to H&E staining, infiltration  of
inflammatory cells 2 weeks after operation
could be observed and the number of
inflammatory cells of each group
decreased as time went by. Newly-formed
bone tissue could be distinguished to grow
into the gaps of graft material particles.
Sealant existed within Bio-Oss particles in
AD group, whose amount decreased
gradually. Almost no sealant could be
observed on 12 weeks. Newly-formed
bone tissue could be distinguished to grow

_ _ Figure 3. H&E staining of the regeneration area 2, 4 and 12
into the gaps between graft material weeks post-surgery. Scale bar = 200 pm

particles (Figure.3).

According to the current results, it is suggested that C12-ApGltn-based sealant contributed to an effective
preservation of granular bone graft materials. Uneventful healing and a declining count of inflammatory cells
over time indicated a promising biosafety of C12-ApGltn-based sealant. At 12-week time point, no sealant can
be distinguished in H&E staining slices, indicating that the sealant had been completely dissolved or absorbed
by the host. Within the limits of this experiment, it can be concluded that C12-ApGltn-based sealant could be
used to safely maintain bone substitutes in GBR applications. Further research should be carried out to further
evaluate the osteogenic property of C12-ApGlin-based sealant, along with its contribution to the efficacy in
GBR operation.
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Designing Energy-Efficient and Robust Zirconia: Mechanical and Biological
Evaluation of Surface-Modified 1.5YSZ Ceramics
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by OZhiwei Zhou, Kosuke Nozaki, Huichuan Xu, Satsuki Tanaka, Masanao
Inokoshi, Noriyuki Wakabayashi

1. Research Object

Yttria-stabilized zirconia (YSZ) is widely recognized in dentistry for its superior fracture
resistance and aesthetic properties. Currently, 3mol% yttria-stabilized zirconia (3YSZ) is
widely used in clinical dentistry [1]. However, standard 3YSZ faces limitations regarding
fracture toughness and susceptibility to Low-Temperature Degradation (LTD) in the moist oral
environment, which can compromise the long-term stability of dental implants [2]. To address
these mechanical shortcomings without sacrificing biological safety, reducing the yttria
content to 1.5mol% (1.5YSZ) has been proposed to enhance transformation toughening
mechanisms [3]. Furthermore, surface characteristics play a pivotal role in osseointegration.
Sandblasting with Large grit and Acid etching (SLA) is a common surface modification
technique, yet its specific effects on the phase stability and mechanical integrity of the more
metastable 1.5YSZ remain to be fully elucidated.

The primary objective of this study is to systematically evaluate and compare the
mechanical properties, phase stability, and biological performance of 1.5YSZ and 3YSZ
ceramics. Specifically, this research investigates the influence of sintering temperatures
(ranging from 1250°C to 1400°C) and SLA surface treatment on the microstructure, flexural
strength, fracture toughness, and resistance to LTD. Additionally, the in vitro biological
response of osteoblast-like cells to these modified surfaces is assessed to verify that
mechanical enhancements do not compromise biocompatibility.

2. Experimental Results

In this study, 1.5YSZ and 3YSZ discs were prepared via uniaxial pressing. The 1.5YSZ
specimens were sintered at temperatures ranging from 1250°C to 1400°C, while 3YSZ
controls were sintered at 1500°C. All samples underwent SLA surface treatment (50-uym AlLOs
sandblasting and HF etching) and accelerated aging (LTD) at 134°C. Characterization
included XRD for phase analysis, SEM for morphology, and wettability testing. Mechanical
performance was assessed via biaxial flexural strength and single-edge pre-cracked beam
(SEPB) fracture toughness tests. Biological capability was evaluated using MC3T3-E1 cells
for proliferation (CCK-8) and osteogenic differentiation.

XRD analysis indicated that while SLA treatment induced higher monoclinic phase content
in 1.5YSZ due to its sensitivity to stress, sintering temperature significantly influenced
stability. Specifically, 1.5YSZ sintered at 1250°C exhibited the lowest m-phase content after
LTD aging, suggesting that controlling grain size effectively mitigates degradation risks. SEM
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confirmed that SLA created similar nano-topographies on both materials. Both groups
demonstrated superhydrophilicity with no significant differences in wettability.

The mechanical assessment highlighted the substantial advantages of the 1.5YSZ material.
Biaxial flexural strength testing revealed that lower sintering temperatures (1250°C and
1350°C) resulted in greater strength for 1.5YSZ compared to higher temperatures. The most
significant finding was in fracture toughness, measured using the Single-Edge Pre-cracked
Beam (SEPB) method. The 1.5YSZ groups sintered at 1250°C and 1350°C exhibited fracture
toughness values exceeding 8 MPa- m'/* and 9 MPa- m'/?, respectively. These values are
markedly higher than those of the conventional 3YSZ control. This superior toughness is
attributed to the enhanced stress-induced phase transformation mechanism facilitated by the
lower stabilizer content, which effectively absorbs energy at crack tips to arrest propagation.
Weibull analysis further corroborated the high reliability of these optimized 1.5YSZ groups.

Finally, in vitro biological experiments using MC3T3-E1 pre-osteoblast cells confirmed that
the mechanical enhancements of 1.5YSZ do not come at the expense of biocompatibility. The
CCK-8 assay showed no significant differences in cell proliferation between the 3YSZ and
1.5YSZ groups. Similarly, assessments of osteogenic differentiation markers on days 7 and
14 revealed no statistical differences between the groups. Alizarin Red S staining after 28
days of induction revealed comparable calcium mineralization across all groups, confirming
no significant differences between 3YSZ and 1.5YSZ. These results demonstrate that the
surface chemistry and topography of SLA-treated 1.5YSZ support osteoblast function as
effectively as the gold-standard 3YSZ. Consequently, this study establishes that 1.5YSZ,
particularly when sintered at 1250-1350°C, offers a superior combination of high fracture
toughness, adequate aging resistance, and excellent biological performance.
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SYBF 1 A - R
JUBINAID I LANDHIVK VBB AIZE T HBERERDOEE
SURRPE RO AR EB R AR TERR%ERT OBtk IR —

Effects of dissociation constants of carboxylic acids on their incorporation of into octacalcium phosphate
by OTaishi YOKOI and Masakazu KAWASHITA

1. BAREH

UYmENAL T A (OCP) (ZJ@RIEEZ D, ZORBEICIIM A R VR VA A (FITET VAR
VEEA L) BEATHIENTES, OCP OBMICEATE 3 ARVEIROATHEY . ZRET 32
RSN HRE SN TVS 12, LaL, OCP DERICEATE 2 H LR VERITKD DAL HE TR 5N S
LTV Ru,

AR BEORAERTIRT & LT BT A X, 7R, SEIRHES, BREEER: SR 5T bh s,
H1 VIR RS OCP DJFFITEASND Z A I 71F OCP OfE IR THh 2 Z Lrb, KEEF TOL
VR BEOFRMERIEIIZ LD OCP DB A~OBE A BE 52 DT Th 5 WM H 555, 2N E TIh
BENTI ot

IV E VBRI OCP ICEATE HREMRINVRUBEO—>Th 53, 2 TR TIL, 2 TSI EE
LTV D DMRBEESR N R0 D 3 WD 7V VIR ERZ @I L, 2 O OCP JEHA~DEANEBREZAT,
T DOFEFAT TSN TR SR D B % Wit L7z,

(@) (b)
2. HIREE oH o oH o

AFEBRTIIZ N Z NV (GA) X OV ZABEHEE (o«

I/ ZEER: (IDAA), ¥7 U a—L#E (DGA), 22" -F+ 0)\/\/[]\0“ Oé\/NH\)J\OH
U7 Y a—LEg (TDGA)) &M=, 2 by FHEE%

Figure | IZ7R 9, SEIO AT EIZILLTO®EY Th 5, © (d)

fli 2 DED YL VAR A MK (100 mL) (ZE&#E L. OH 0 OH o}
TUESTKEMZ pH % SSICHEI L7z, Zhboh LR O)\/ovu\oH O)\/S\/U\OH
VEEKERRIZ Y V(5.0 mmol) & KEE LT A (8.0

mmol) ZNEIZINZ, 60 ° C 2T 3 KFfifE#H L=, £D%., Fig. 1 (a) VT oY (GA), (b)1 3 J e
RRFNOREE T VLT D RET D120 2 KB B (IDAA), () Y7 U 2—/L i (DGA)B &
ATpHZSOE TR FSH, SO0 0 Lz, 20, ) 22-F 47U 22— Lk (TDGA)D %)
W72 05| B3 CEUL LB & =% ) — LTl Uitk PRI,

(240 ° C CTHZBE LT 156

ﬂf:%ﬁ*/,’@%%*a% X;fﬁ@ (a) (b)

#i (XRD) Till~7=, F7- 5

- . w O : OCP phase .
TV WO R DB n 2 fuorophiogopte
H 121X MarvinSketch (Ver. © ° ©° DGA-10 AN

23.11.0)% H 7=, Q

FOBEO RS S HE & AT QA_9 Q2 peAs 3 DGA-10
KHRER L LCieoR  §[9 8 — ]
» DGA ZHWTHA L ‘gu o 9 DGA-1 2 o
KB XRD KX —r % 8|0 g -
Figure 2 (T, #UBHE 0 _ﬁ L e _© DGAOS

100

DGA-X (¥ X mmol ® DGA
FRAWCAKRLEZRETH CONTROL
o © Q92 | conTroL N

HIEEEBEWHRLTWD, | I a = o\ . " : =y
mmol PL_E® DGA % T 20(degree) 26 (degree)

AR LIRBITIE 5° 5

DOE—2 (100 EHF#E) o Fig. 2. (a)ffix O DGA TRMESRM THE K L7230E O XRD /3% — > 88 L UY(b)
BAEM~DT 7 F3AELT  RFEHZRFEID XRD X% — 2 OHLEKIX.

w
N
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7= (Figure 2(a)), Z4UiE OCP ~0 DGA DE AIZ L - TA00)FENE (dio) PIIENAEUZdTHD, B
REIZIE, BIVR R % & F 720 OCP (Figure 2 1 CiX CONTROL & #E5) & LT 5 & digold 1.87 nm 2>
© 2.10 nm (ZPE5E L7z (Figure 2(b)), aBMICFH~2 &, BT —7 ORAEMIZS a VX —RNR 6D Z &
MO INEE—7 58U TR LI dig 1% 2.170m TH o7z, IDAA IZBWTH OCP AHD digo DYLEFED R H
Eh. Lovh DGA EREEIC A A o E— 27 DIRAERNCY a VA= &Nz, —F. GAIZBW\W Ty al
=T ENhotz, Thn 3 FEOINVKREEA &R/ OCP WER LIZZ Enpnote, —h,
TDGA @ OCP ~DE A Xl S e inoTo,

Table 1 (2% BT3B digo D FEBRE (exp.) & FHF A (cal.) D ELER, B L OVER Y T DA B (Adoo/L) % 77T

(Adyoo=droo(exp.)—dioo(cal.), L : TIVR VEED I3 A X) . GA 1XAdioo/L 33/ < pEk s & [RAE
W2 FDFEHD OCP O a HHZWATIZ/R > TWD EHEETE D, —F ., IDAA BE N DGA IZBWTiX, AA
VE— U B Z I ERIZB T Adiw/L BREL . ald—— T B 52~ A FT—HIZB W TAd/L 23/
Sholz, ZOFEFIL, OCP @ a #ZWAT/2 A NEFFOM (A 7 —4F) &, ek@ms L1854
A NEDNRUBHRER LEDZEEZERLTEBY., LrLbZOV A MTBWTH LR VBN EICFIET
HZEEREBELTND, —J, TDGA 1L OCP [T ATE 2o 7o RISEATE 2325 & diold 2.3 nm
FBRELRDZENINVR RO A X (LE) NHHETE ST,

Table 1 15 547 3UEF O (100) i A O FZER A & G RO i, B L OEH D FOLK &

Carboxylic acid Experimental value Calculated value Adyoo/L (%)
dyoo(exp.) (nm) L (nm) dyoo(cal.) (nm)
GA 2.29 0.506 2.240 +9.8
IDAA 1.9gmain 0.490 2.225 -50.1
2.2 7minor +9.1
DGA 2.1Qmain 0.476 2212 -23.6
2.1 7minor -8.9
TDGA N/A 0.540 2.272 N/A

main: main phase, ™°": minor phase

AIFFE TN VR RO IRBEEE DOF A (pKa & pKa2) 6_
% Figure 31072 v k L7z, FEHTRE 1L OCP ICEA S 7 sl %A
2572 TDGA NEASHIZH AR RO PRNAFAET HZ LT
b, 2O LD, REEEEIT A VR CEEOE AR B ER 4 ® TDGA
FER T CIRARWTREMEA N = & R o 72, % ®ocA
WARBEOWE &R 587 A =23 b Rz Tl
H DB ER AR CE D AR mWVWZ E A R L2 & IDAA
M, BRI TEHE LN RIE OCP 4 A N BRIMED F HiikiE 2t
it DO —BZ 725 b O L FF S LD,
1 | | | |

. pKa1

3. BEXH

(1) T.Yokoi, M. Shimabukuro and M.Kawashita, Octacalcium Fig. 3 ARBFFETHWIZ T B I/LAR U BO
phosphate with incorporated carboxylate ions: a review, pKa L pKa Pia=E N
Sci. Technol. Adv. Mater. , 23, 434-445 (2022).

(2) T.Yokoi, P.Chen, M.Watanabe and M.Kawashita, Recent advances in octacalcium phosphate with
incorporated carboxylate ions: A review, Molecules, 30, 3508, (2025).

(3) T.Yokoi and M. Kawashita, Understanding the steric structures of dicarboxylate ions incorporated
in octacalcium phosphate crystals, Materials, 83, 36002 (2008).
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IR VEEH IV D) LEREEE S YO & T REESTHE
SURRPERFRIVAEE OB, MARE, L5, SR

Evaluation of Bone Formation Potential of a novel calcium phosphate-containing inorganic compound
by OSatoru Egawa, Motonori Hashimoto, Go Uesugi and Toshitaka Yoshii

1. BAREMN

BREAREBICENT, BEXIESLCEREAN27-00BEEME LTLIELIEAIENRAWL SN S A,
REBRTERAINIALIBEEFTERICRS. MIEORGE L TLABEL TULWAL, T4 ITHRY V&
Hive g LREY (UTEYMX) #HE L. TOBEMEOTFME L PIA DX LIZDOWTIRIEL 72,
> WRME A
2. 1 KtEWOBRHE '

&% X % C57BL/6] ¥ 7 R (8 @i, 7 RX)AEEEEH
ICEFTRS L 2 BTER L. MERERz B0 IC 53 L
7o HERETEOEEZRD, Y77 =2 0 2ETHE
MHBOEELZRDT: (B 1), UELOFRILEYIIANER
BEREL. NEREBILEZRTCTEIBELZERTDHEEZLD
N7z Von Ko
2. 2 EBEEEOEEKREFEHE

&Y X % C57BL/6] ¥ 2 (8 Bis., +RX) KEEREE
FHICEMmES L 4 BTERK L. %1E% micro CT TIHRE L
7= (K 2), Image) CHEMOEEE—F& L, —fELL
TEEREOFEEZAL -, LD ES5EIT 3.3mg,
8.3mg, 16.7mg, 25mg, 33mg, 67mg & L 7=, M 3 [Ix3 &
B 10mg BEOEEN+DBREERER 5 DICHET,
BREEKRFEICREERELEML -2 bRE5EIC
S ABEEEREO O FA—ILAREREEEZ ST,

2. 3 AtLEMIZXIEMMHEEILEE

RIZ, BEBTIEBR WG TOILEY X DEFMREEE
S L 7=, L&Y X % C57BL/6j ¥ X (8 Bih., #+ X)
TRREEHNICERES L 1w Z & 12 micro CT ICTiRE
L7z (K4), 2 BFTIEY X BRI E N, 4 BLIBRIR 4

I _ #5@ (mg)
ICEMEBILOEIRZRD 7, H3 ®EELFALBEONA

ow 1w 2w 3w 4w 5w 6w

Ha TR=smGHANTORMEEL
2. 4 EFHBEDANZXL
{t&4 X % C57BL/6j ¥ 7 X (8:@#s, F#R) TRRZEHNICHAKRSL 18, 28, 48, 6:BICTERK
L. MEREZEBFICFHM L7z, 18T TRAP REBM L4 5l zRo. 2 .8 TlE SOFG £ETRE
Bz, 4 Bka0 HE R TEEMZR®. 6 BRNAD HEXETIIEEBANICEMZRH (”5),
U EroR eI Eile Bhnd TRAP BEHlROEREZER E L TREE B EN L TEZMH D
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RFEBILERT 5 EE X oM,

7d pEs  SOFGRE TRAPSE:

14d pesme SOFGH#E: TRAPS
2. 5 EfFHELomd AR W s
R EY X2 & 2 EFTEE 1L TIE TRAP FZ1EH
fEoESIrEETHDI EEZX D, OOy
B2kt TRAPBIEME# kT 5 2 &L AMLEY
ICLBEMEBIAEDL S BEEEZEZ DD
BRI/, 7RO YBTS MY 7 LAUKNY %
5mg/ml(Low &f), 50mg/ml(High &) THEERIEK
IOBfE L Tk a® X ZKF L T C57BL/6) ¥ 7 X
(8 @i, #R) TREZEHNICEMEZESL, 1
BEICXp 2&e L7-(K6), TREEHANDLE
¥ X 1Z Low BETlE 4 — 5B TKREBD DRI E 1.
HighZB Tl 6 BRFERTHIZE A ETRININT ICFE
Tl ZOZEN DL, LEMX ORI TRAP
BEMREOERN’EET 2 2 EANRBENT,

28d HERE SOFGH:ts TRAPHes  42d HE*E soma‘&e TRAPRE

2.6 In vitro 'Cd)ﬁﬂ:*% Diegt
INFEFTOERE RBICED &,
Macrophage-like cell line T & 5%
RAW264.7 Mifa =AW THRILEMD BT 5
TECTAERECZHRL ., Chitruiate
RAW?264.7 % 1.0 x 10° T 6well plate (C#ETE
L7=#1Z 50ng/ml ® M-CSF #&E3 % «a
-MEM ## (LUF. GM $5#0) T 24-48 B cogoneee
FOFINEBEZIT o7, T D& MMEYZEE
L (GM (+) ) £E5x4H0 (GM (-)) B 6 TH=ABHTORAMERE
ZYERL (day0) L. 48-72 BRI ICESME TR . RQ vs Target
aa ER (day3) L7z, £ D day4-6 DEH
ICEWTHIEZ well o REEL. RNA Z3H L e
7o -~
HH L7 RNA 75 cDNA ZEpk L. PCRI&&IC ¢

Lo TEGFRREOZIEZANEL: (7). 2

RETEEMNTICIZ A ACt &%= UL, House keeping e

EETICIE S18 BET AWM L1, I I II I|I|| I
Day4 Tl GM(+)B Tl EME MMt~ X 2 — k e i mm
ZVR7 )T avRFTHD Nfatcl OFIB L

5_75€E§\ %;{’LL:U%’)’)\‘L\’C Day5 ’C CTSK\ ®Day4 CaPP+ @ Dayd CaPP- @Day5 CaPP+ @Day5 CaPP- @ Day6_CaPP+ @ Day6_CaPP-
TRACP & W o 7oV B D~ — A —EIEF
NER L7, F1-BERICEWTEEL BMP2
BzTdH Daydb TEFLTWz, GM (-) & TH Dayb T CTSK %> TRACP BT EFEA2RH S
M. 95179 % Nfatcl BEFD LR BMP2 B FORIBIVEIFHER INEGEAL 27Tz, ZDIT ENL
AMEEY X IE 7 A7 7 — VRIS L CTHREME ML ZR L. 5l 2RV TEERET FDOHER
TEEIRT Z &N D > 7=,

Control

o

X7

3. BEXR

(1) Zhangling Nie, Zhigiao Hu, Xiaodong Guo, Yu Xiao, Xian Liu, Joost D.de Bruijn, Chongyun Bao, Huipin Yuan,
Genesis of osteoclasts on calcium phosphate ceramics and their role in material-induced bone formation, Acta
Biometarialia, 2022

(2) Yan, J., Gao, B., Wang, C., Lu, W., Qin, W., Han, X_, Liu, Y., Li, T., Guo, Z., Ye, T., Wan, Q., Xu, H., Kang, J., Lu,
N., Gao, C., Qin, Z., Yang, C., Zheng, J., Shen, P., ... Jiao, K. .Calcified apoptotic vesicles from PROCR+
fibroblasts initiate heterotopic ossification. Journal of Extracellular Vesicles, 13. (2024).
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SYBE S - SRR
Ti RE TR L 1= 4 RIRARTE Mg-Ca SERE DB & B RAEDARET

FRBERTRSF B O=ZHY, BRIN, FWIEE, JIITFR—, AUIEHET
(R HL = L R PRHES L %

Amorphous Mg-Ca Coating for Dental Implant Surfaces is Enhancing Osseointegration
by ORisa MIYAKE, Masaya SHIMABUKURO, Masahiko TERAUCHI, Masakazu KAWASHITA,
Eriko MARUKAWA, Kengo NARITA and Shigeru YAMANAKA

1. BAREH

WA 7T MRRIZBWT, R E REIERAGEZEBT 51 77 MROBRFEIRD b T
L. AT T MROMEIE LTRENTH LT Z > (T) 1L, EEREESHEICEND OO, ROBORIET
IERERBRA e LM EC B TR EE 2 R S e\ o, REMBNEE /05, £ CTHAIE, Ti Licv 732y v A
Mg) LAl (Ca) THERR SN D AEEREINE Mg-30Ca s~ 7% b 2y X ) o 72 koTC
JER L7z, Mg-30Ca #iFIZARN T OEMRIHZ Mg?t, Ca?' 3B LUNOH Z Bt L. Ti B /a2 7 v 71 Y
REAENRT 2, MR DA 4 IHIC X 2 BREE L, PLEEZ BB T S TetEnd 5. o, AR
WNTA AU P SN DI SN DEE A A U BESLT VA ) BEITEEREDH FICHFET 5 &
EZ BB, AWFSETIE, Mg-30Ca IO AARIZLE D Ti K OBSREZELIZ W T invitro AABR I THREE L 7.

2. EMRRE

2. 1 MNg-30Ca SEIEDARZEENFTM

FEMTHD TIHK (¢ 10mm X 1.5mm)FEHIZ2FED Ca GAFE (0,30 wt.%) Th D EHE Mg« Ca ¥ —47 v
Fa Ar BHEAT T2 ba ARy 2 ) 7452 L2k 0, Hil Mg IS &7 Ti AR (Mg0Ca)
B L Mg-30Ca # N5 S 7= F & M (Mg30Ca) ZVESRL L 7=, RALEED Ti F# A NT & L7=. Mg0Ca
& Mg30Ca # Afuis#Es . (MEMo)IZiRE S, 24h (2 MEMa% &2#a L7-. N SIEH LA 4 &%
HESES T T A< R0 ICP) TER L7Z. T OREE, MgdCa LT Mg30Ca LAt % 1~ L,
MEMoH(Z 24 h LINICZ BED Mg # A L7 (Fig.1A). £72, Mg30Ca | 96h (Z7- > T Ca® 214 5 =
LMWNIRENTE (Fig.1B). ZZH#AREIZ MEMaZ [RIX L C pH ZJIE L= & 2 A, Mg30Ca I3 96 h (272~ T 7.8-
8.0 FEEE D5 T VA1 U BRBE A AEFF L CU 2 (Fig.1C). Mg0Ca, Mg30Ca Tl, MIEOEMRIZ XL - CTH4 L7z OH
DT NHVBREOREIZHEE LIZEEZHND (Mg — Mg* + 2, Ca — Ca*" + 2e, 4e” +4H,0 — 40H" +
2H,). & 512, Mg30Ca [ZBWT Ca? DRIEIND Z 212KV, Mg0Ca & ik L CREFMIZHIZ->TT A
VBB HEFF SN2 2 E R s vz,

A B C

Fig.1 MgOCa, Mg30Ca % MEMalZi2i&E %, 24 h D Mg A A& (A), Mg30Ca 2 MEMalZiZi&Etk, 24
h 3D Ca A A WA (B), NT, Mg0Ca, Mg30Ca # MEMallizZiE#, 24 h o pH 24k (0).
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2. 2 MNg-30Ca FEQRLRAMEFICHEITHMERER 10x10°,
Mg-30Ca 5D SR VAR OHUEMEZ Gl 95 729, NT, Mg30Ca i

\CKIBE (E. col) ZHEREL, 12,24 il O/ (RE BIE Lz, 2o §o00] * M0 I
AR, NT TR R MBI AS TR D723, Mg30Ca TIX 12h i 2
M TR L7 (Fig.2). Mg30Ca I2BJ 2 AadEMlct-<C &
RTINS A A RN R L, BBEEOEIC L DIEMENHEELL g
FLEZLND. s

2. 3 Mg-30Ca BEAMRED Ti REOD BInEREFTE
Fig.1 775, Mg30Ca 75 D Mg OVEHIT 72h I3 58 T LTz, 05 mggm ul'f’e " 20 25
VR O Ti R OBAZEEEM & LT, Mg30Ca 2 MEMalZ 72 h {2 . - -
B LT B IR BRI S MCIT-EL e Al ot 6 00 @C%f
Bz J2ht L7z, ZOfEE, Fig3A IR T XL 918, RIEZD Mg30Ca IZ ’ ’
IZZETR O ERD B, X BREHT (XRD)E Y, ZOHHBIA CaCOs (W AHA M) THDHZ ENRHEN
7z (Fig.3B). NT CI& Ti DM EHE 3B Hivd DA T, Fritidd@Bd b s o7, £ LT, Z{E% D Mg30Ca
TIXREEE 7, 10 HEIS NT & il U CA BEICMIBEEE Mt S - (Fig3C). IAvA R3WHT 5 Z & T,
Ca IR SIND & LB, MlaD @G E LTHIEL 722 & C, Ml fiEIn-sExon5. £z,
TV A N ORI HEAET D CO» 1 H0 & RIET 5 Z & TOHMNFAET D728, Mg30Ca TIXT7T /v U B
BENFRGE L7 B2 B D (CaCOs 2 Ca¥* + COs%, COs> + H,0 2 HCOy + OHY). JH#E7 7V U BBl 2
AR OBFHICH NI TH D E VWO REEZBE XD &, YA ME Mg30Ca KifilrfED T V7 U Bbi%
iS5 2 LItk THBRENEoR LIcFHLZEE2 N5, BLEORERND, Mg-30Ca HIEIXZ D
WRRIZ K > C Ti R ZPUEMED D EAREM A~ R LS E 5 2 AR Sz,

A 'B C 1

Fig.3 NT, Mg30Ca O MEMa~ 72 h {24 Ti K SEM4 (A), XRD /3% —> (B), MC3T3-El ik
HRIZ 4, 7, 10 HRHEFRZOMIE (p<0.05)

3. ZEXH

(1) R. Miyake, M. Shimabukuro, M. Terauchi, E. Marukawa, M. Kawashita, Amorphous magnesium
coating for achieving functional changes from antibacterial to osteogenic activities, ACS
Appl. Bio Mater., 7, 8565 (2024).

(2) R. Miyake, M. Shimabukuro, M. Terauchi, E. Marukawa, M. Kawashita, Surface characterization
of an amorphous magnesium-calcium—based coating in cell culture medium using x-ray
photoelectron spectroscopy, Langmuir, 41, 15612 (2024).

(3) R. Miyake, M. Shimabukuro, M. Terauchi, E. Marukawa, M. Kawashita, Osteogenic effects of ion

released from biodegradable metallic magnesium and calcium coating, Adv. Biol., 9, e00401
(2025).
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Development of Injectable Hydrogels with Tunable Gelation Time via Multi-Substituted
Dioxazaborocane Structures

HRRIFE KT AR L 5e T O Debabrata Palai, Yingfu Zhao, Kevin Barthelmes, Mao Hori,
Masakazu Kawashita, Akira Matsumoto
RIRY: #6 B 58T Hiroya Abe

by ODebabrata Palai, Yingfu Zhao, Kevin Barthelmes, Mao Hori, Masakazu Kawashita, Hiroya
Abe, Akira Matsumoto

1. Research Object
Hydrogels derived from natural or synthetic polymers that are physically or chemically crosslinkable are
widely used as biomaterial platforms for the controlled release of bioactive molecules in drug delivery
systems (DDS), regenerative medicine, and localized therapy’2. Unlike preformed gels, injectable gels do
not require surgical implantation. Instead, they enable in situ gel formation through crosslinking after
administration, allowing an aqueous mixture of gel precursors and bioactive agents to be delivered using a
syringe®.The mechanical strength of a hydrogel is a
key parameter governing its biodegradation -
behavior and drug release profile. In contrast, for ‘L{M’_f}wﬂwg_, £o S e
injectable gels, the crosslinking time or gelation time Di(me)DOAB - - TewsMI00R8,
is especially critical because it directly determines X
injectability. Therefore, developing materials with \{;\353%&6}_, ’
precisely controllable gelation behavior is essential Tri(me)DOAB 209
to expand clinical applicability while ensuring safety. X o
However, in conventional injectable hydrogel \_Z:-\_}_,Q?;n\_“;..f
systems, gelation kinetics are typically controlled Tetra(me)DOAB
through ionic interactions between polymer chains,
variations in polymer concentration, or external ;, DEA o
stimuli such as temperature. These approaches kS ‘Fa «fﬁk’ﬁ}
often compromise injectability and reduce N
operational reproducibility. Herein, this work HAONRER
propose a new strategy that enables control of Figure 1 : DOAB Formation
gelation  solely through  molecular design.
Specifically, dynamic covalent crosslinkers based on
dioxazaborocane (DOAB) structures were developed to
establish a tunable platform by incorporating methyl-
substituted diethanolamine (MDEA) derivatives and
fluorinated phenylboronic acid (FPBA) derivatives into
hyaluronic acid. This design allows precise regulation of
DOAB formation and dissociation kinetics via steric and
electronic effects at the molecular level. Such tunable
hydrogel formation can enhance drug encapsulation
efficiency and minimize uncontrolled drug diffusion after
injection®. Fast Medium
2. Experimental Results

Figure 1 shows the Dioxazaborocane Structures
(DOAB) formation using three different molecules having 2,3 or 4 methylene substituted Diethyl amine (DEA).
Here we found that short linear alkyl chains at the nitrogen and methylation at the ester carbon led to a
generally higher association constant due to steric hindrance making the B-N bond less sensitive for

00

Koy ! M

HA-FPBA

Figure 2 : Gelation speed at 37°C of three gels
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hydrolysis and all type of DOAB shows stability at pH
7.4*. nevertheless, Di (Me)DOAB shows maximum
stability. Next we conjugate these molecules (MDEA,
FPBA) with HA to introduce extra crosslinking and gel
stability. Figure 2 shows that the gelation speed is
different for three gels. Time dependent analysis
revealed that Di(Me) DOAB gel has 2 min gelation time
and 3 min,14 min for Trilme)DOAB, Tetra(me)DOAB, 18G 21G 25G
respectively.

Figure 3, depicts the needle and arrangements used
to evaluate the injectability of each gel sample. Since
Di(me)DOAB has faster gelation speed and have high
stability, it is associated with higher injection force Figure 3 : Injectability Test
while using thinner needle size (25G), compared to
other two gel sample. However, the injection force still remains under human limit (i.e 30 kPa). Self-healing in
(dioxazaborocane) DOAB gels is an intrinsic, dynamic covalent mechanism based on the reversible
formation of boron-nitrogen (N—B) dative bonds. The core mechanism relies on the dynamic nature of the
dioxazaborocane (DOAB) unit, where the
nitrogen atom acts as an electron donor to the
empty p-orbital of the boron atom, allowing the
cross-links to break and reform. The self-healing
property of stable hydrogel that we prepared are
shown in Figure 4. Where it is evident that the gel
is self-healed and recover its mechanical integrity
and more than 70% strength within 6 minutes
after contacting the two separated parts of the
gel. Also it been noticed that the number of
methyl group increases on DEA, cause slower
self-healing of gels. It is due to the steric effect
which hinder the crosslinker association at the
molecular level and hinder self-recovery property.
These results indicate that precise control of
gelation behavior based on molecular structure is
possible, and it is expected that the range of applications as injectable materials will expand. In addition,
biodegradability and drug release properties were also confirmed, suggesting that this material system is
promising for drug delivery systems

Cut Contact 6 min

10mm .

Di(me)DOAB Gel

Hanging Stretching

Figure 4: Self-healing property of gel
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Microstructures and properties of iron nitride fine particles subjected to heat treatment
by OMasakazu KAWASHITA. Soichiro USUKI, Tomoyuki OGAWA, Taishi YOKOI, Satomi OGURA,
Mao HORI, Akira MATSUMOTO, Michiyo MIYAKAWA, Yutaka MAJIMA
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3. BEXM

(1) S. Dutz and R. Hergt, Magnetic nanoparticle heating and heat transfer on a microscale: Basic principles, realities
and physical limitations of hyperthermia for tumour therapy, Int. J. Hyperthermia, 29, 790-800 (2013).

(2) S. Usuki, T. Ogawa, M. Shimabukuro, T. Yokoi and M. Kawashita, Synthesis of &-Fe» 3N particles for magnetic
hyperthermia, J. Funct. Biomater., 16, 203 (2025).

(3) HEFRHE—8, NIz, BN, BOFERE, JIITRN—, BRIRBVERIEME/ERT 2 KOG Rk & M
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Crystal grain diameter control and tensile properties of beta-type Ti-Cr alloys
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3. ZEXR
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Radiographic evaluation of Guided bone regeneration using Alaska pollock gelatin sealant in mice model
by OMika TSUNO, Lin Yujing , Wang Guanyi , Eriko MARUKAWA, and Tetsushi TAGUCHI
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3. ZEXM

(1) Buser D, et al. Guided bone regeneration in implant dentistry. Periodontology 2000.

(2) Simon M, et al Vertical ridge augmentation using a membrane technique associated with
osseointegrated implants. International Journal of Periodontics & Restorative Dentistry. 1994

(3) Mizuno, Y et al. Comparative study of hydrophobically modified gelatin-based sealant with
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(4)  Mizuno, Y et al. Enhanced sealing strength of a hydrophobically-modified Alaska pollock
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by Zhibin Wang, OMasaya Shimabukuro, W. M. R. L. K. Wijekoon, Taiyo Yukawa, Hidemi Kato,
and Masakazu Kawashita

1. Research Object

Metallic glasses, also referred to as amorphous alloys exhibiting a distinct glass transition, can be
produced by rapidly quenching molten metals to bypass crystallization. In these materials, atoms are
arranged in a disordered, random manner, similar to their arrangement in the liquid state [1]. Owing to their
unique disordered atomic structure, bulk metallic glasses (BMGs) combine high strength, excellent corrosion
and wear resistance, and a relatively low Young’s modulus [2], making them attractive candidates for load-
bearing implants [3]. Zr-based BMGs (Zr-BMGs) have attracted considerable attention in the biomedical field
in recent years as potential replacements for commercially pure Ti, the primary implant material, due to their
excellent mechanical properties and good biocompatibility. Notably, these alloys contain element such as Cu,
which has been reported to exhibit intrinsic antibacterial activity. Since bacterial adhesion and biofilm
formation on implant surfaces are key factors in implant-associated infections (lAls), evaluating the
antibacterial activities of Zr-BMGs is of great relevance. Nevertheless, the extent of antibacterial activity of
Zr-BMGs compared with commercially pure Ti and pure Zr remains unclear. The surface topography is a
critical factor influencing bacterial response. For instance, surface roughness values less than 0.088 um
strongly inhibit the bacterial adhesion. In contrast, higher surface roughness promotes the bacterial adhesion
by increasing surface area, and provides additional niches for bacteria. These niches provide a suitable
environment for bacterial adhesion and biofilm formation, leading to the potentially biased comparison of
antibacterial activities among surfaces with different roughness. Therefore, to determine the intrinsic
antibacterial activity of Zr-BMGs, it is important to compare them under conditions that minimize the
influence of surface topography. In this study, in order to minimize the influence of surface morphology, the
antibacterial activity of commercially pure Ti, pure Zr, Zrss 4Cu2s 7Al113Nb1 6 and Zrs; sCuig2NiisgAlio7Tiss was
investigated under conditions where the surface roughness was same. In vitro evaluation used methicillin-
resistant Staphylococcus aureus (MRSA), a causative agent of IAl. Furthermore, surface oxide films and ion
release of each sample were analyzed to elucidate the underlying mechanism of any observed antibacterial
activity.

2. Experimental Results

Commercially pure Ti (99.5%, Nilaco Co., Ltd., Tokyo, Japan), pure Zr (299.2%, Nilaco),
Zrss4Cu2s7Al113Nb1s (at%, Heraeus AMLOY Technologies GmbH, Karlstein am Main, Germany) and
Zrs1.8Cu1s2Ni14.8Al10.7Tias (at%, Heraeus) were used in this study, and the samples were designated as Pure
Ti, Pure Zr, ZR01 and ZR02, respectively. The corresponding compositions (in wt%) of ZR01 and ZR02
provided by the manufacturer are Zr-24Cu-4AI-2Nb and Zr-16Cu-12Ni-4Al-3Ti, respectively. All samples
were mechanically polished using SiC paper with #320, #600, #800, #1000, #1200, #1500 and #2000 grids,
and 0.06 um-colloidal silica suspension. Subsequently, samples were ultrasonically cleaned in acetone and
ethanol for 10 min each. The cleaned samples were immersed in ultrapure water for 24 h to stabilize the
passive film.

The ZR01 and ZR02 exhibit similar XRD patterns, showing a broad diffraction peak centered at
approximately 26 = 37~38°, which is characteristic of an amorphous structure (Figure 1A). In contrast, the
XRD patterns of Pure Ti and Pure Zr exhibited distinct diffraction peaks corresponding to their characteristic
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crystalline structures. Furthermore, Pure Ti, Pure Zr, ZR01 and ZR02 exhibited the comparable surface
roughness values, indicating the influence of surface topography on bacterial response was minimized.

The peaks located around Al 2p, Zr 3d, Nb 3d, O 1s, and Cu 2p energy regions were detected in
the XPS survey scan spectrum of ZR01 (Figure 2A). Furthermore, the peaks located around Al 2p, Zr 3d, Ti
2p, O 1s, and Cu 2p energy regions were detected in the XPS survey scan spectrum of ZR02 (Figure 1B).
Thus, while most of the elements in the alloy composition were detected on the ZR01 and ZR02 surfaces, Ni
was not detected on any of them. The reason why Ni was not detected on the ZR02 surface is currently
unknown. The binding energies of Al 2p, Zr 3d, Nb 3d, and O 1s in the ZR01 were 74.2 + 0.2, 182.4 + 0.1,
207.4 £ 0.2, and 530.3 £ 0.2 eV, respectively, indicating these elements existed in the oxidized state on the
surface. In contrast, the binding energies of Cu 2p3/2 in the ZR01 and ZR02 surfaces were 932.9 + 0.1 and
932.8 + 0.1 eV, respectively, and there were no satellite peaks around 942 eV (Figure 1C). This indicates
that Cu element existed in the metallic state on the sample surface. The atomic percentage of Cu in the
ZR01 and ZR02 surfaces were 1.23 £ 0.1 and 0.71 + 0.04 %, respectively. Moreover, the Pure Ti and Pure Zr
surfaces were composed of O and their constituent element.

The viabilities of MRSA on Pure Ti, Pure Zr, and ZR02 were at comparable levels, indicating the Cu
and Ni, alloy composition, in ZR02 had no influence on bacterial response. In contrast, the viability of MRSA
in ZR01 was significantly lower among the samples, revealing ZR01 exhibited the antibacterial activity
against MRSA. This result indicates that the Cu in ZR01 contributes its antibacterial activity. To reveal the Cu
ions releasing from the samples, ZR01 and ZR02 were immersed in physiological saline for 24 h. The
amount of Cu ions released from ZR01 was significantly lower than that from ZR02. Since a larger amount of
Cu ion elution was observed in ZR02, the amount of Cu ions released from ZR01 and ZR02 contradicted the
results of the surface Cu content and antibacterial evaluation. These results suggest that the antibacterial
activity of ZR01 arises from direct contact between metallic Cu in the surface oxide film and MRSA.
Therefore, not only Cu ion releasing caused by corrosion that interacted with the solution, but also Cu ion
releasing via microbial corrosion should be taken into account. Further experiments are required to
determine the microbial corrosion of Zr-BMGs. Furthermore, electrochemical measurements are required to
determine how differences in alloy composition affect the properties of surface oxide films on Zr-BMGs. Our
findings provide valuable insights for the rational surface design of Zr-BMG-based medical devices and
suggest the potential efficacy of ZR01 in preventing IAls. These findings support that the antibacterial activity
of ZRO1 originates predominantly from direct contact between metallic Cu in the surface oxide film and
bacteria, rather than from Cu ion release into the medium.

A ZR02 B L¢®ion o €~ B
i ; u Zr:!pi
—_ - Cuzp Tlfp ; fr 3d -
S ZROT AN =R U [ w2 ZRO2 3 ZRO1
\(—“/ g : E Zr32 i * g M
i 01s 7r3d

% Pure Zr %‘\o—‘\_.n i l N =% Lt # a2 ZROT % Pure Zr
c c | ; N c
gL L _in - Pure Zr %
[ A ~ £ i ; WTiZp c .

Pure Ti C(KT_L) + P Pure Ti

1 N Ti(LMM) OIKW) | Pure Ti
| Dl B il Bl bl Bl R Bl R R A | T T T T T T T T T T 1 L] 1
20 25 30 35 40 45 50 55 60 1000 800 600 400 200 O 960 950 940 930 920
20 (degree) Binding energy (eV) Binding energy (eV)

Figure 1. X-ray diffraction (XRD) patterns (A), X-ray photoelectron spectroscopy (XPS) survey scan spectra
(B) and Cu 2p energy region spectra (C) obtained from Pure Ti, Pure Zr, ZR01, and ZR02.
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Fabrication of polymer electrets by electrospinning
by OAyae SUGAWARA-NARUTAKI, Keita SUZUKI

1. BIEEM

BT by M, BROmE RIICRFFCE 28 & RO | BEERER T ) RKE
% (Triboelectric Nanogenerator; TENG) # (XU L9250 =7 T T NRBRERET /A A~DIGHN
HFRF SN TWD, @O FIRICEEBEEZHIN L ClR#EZ %3217 hr A =7 (ES) IEX
REEOREWAHAKRT= L7 Ly FOFERITIEH SUBD TV 5D o cF
2. ES IETHA SH 2 REEN & RIS BEE TRIFT 5720 0% o—dk

HITRMEATH D, AR TIE, 20T HBICELDS= L7 Ly MEMK Fé Y

i x T 5 CYTOP (Fig. 1) &FINTI, ES BT & 2 R Bl 4 5t el

B, SDIC, BSHIC LD FRGIERAEAIET ST 5 HY Ll = "
nd group

(PLLA) ZXfHRY- 7L & U CEMRFREZ KR Lz, E/ER L7 Atype:-COOH

CYTOP =L 2 I L k% TENG ~Jiif L. HDEE 2204 L=, e OO O SIOG
Fig. 1 CYTOP DAk 241k

2. MIEBR

2. 1 =B

CYTOP M ¥ A7, 5318 :15~20 77, &l ~A Reortduah—Ry, ERITAXAT, 4

S8 25305, B N Fe Tt nxz—T ) &, ESEEZRAWTORIKL, W —Ic/EilcE -

JEIZDWT, BRI AEERE T BMSE (FE-SEM) I2CT7 7 A N—JRZBIE Uiz, FRL-%

ES DI B A I Z kT 2 R O AL A | FrERERZ W THIE L7, EORFEB X

OHIEIXEE FCHEM L7z, CYTOP A XA 7DV 7 kv MG Z8HT — 712k L, WY

AZ T YNEEATF IV (PMMA) FT3R T T AT T A %X ERBICHWT TENG 28 L7z, 8

W 4 Hz O AN AR 2 N2 2RO 1EE 2T U4 VA v a2 a—7CHlE Lz,

2. 2 WEBLUEBE

IZUHIZ CYTOP M % A 7% HWT ES Ik CIRAZERIL 72, Z D

& X CYTOP JRER T « — Rifi&, HINEEZED/NT A — X Tk x

‘ﬁmtéﬁfﬁﬁ%ﬁw\%ﬁvCUVQOwTFﬁﬂmPﬁﬁﬁ%m

EBER LN, WTNORMEIZBWTYH 7 7 A4 N—k 2 R T

ol WIT, L0 @y THREOBMAHFET X 5

CYTOP A # A 7% AWT, IREZER UBIKEZIT o7z, £ ORER,

BN 7 W%l EORMTT7 7 A4 R—=D0 SN 5D Z LB bho ; 4

7= (Fig.2). ngcmDPA&47T%ﬁ

ZIH D CYTOP EIZDWT | R EARICH KT 2 REEM O O FE-SEM 4
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AL 2 RIE CHIE L72fE R, CYTOP A % A 71 400 B b ED 70 %Ll B2 L.,

CYTOP M % A 7H X ONPLLA & b L CEN-E
BRI T
P S BT OB Z Y
B ORI HERR S AT,

CYTOP =L 7 hL v h% TENG #FEEE L THEMALEZE
A MBI K0 FERREEM A Uk S &7 CYTOP #FEfE &t
i LC, T EEDKY 101+ru: L7z (Fig. 4), L2 L7ais b,
i [E15L O HE ML IR IS AW IV EEDS BT 5 & D
RN Do 7o, CYTOP ILE FHA N OKREWES T TH
57‘_&5 JEEAT RSN OIFIE R RITALE T H PMMA & DOHEfil

kv CYTOP | _m%éhé%ﬁ ITRATHLEEZIBLND,
a“i,czba CYTOP DI A B SEDIEEBRA ., FEEEE O
RECTABMMIE > THIL, REBMOIFED LI &
NEZ BN, £Z T, CYTOP =L 7 | L v N AR#AR 05w
WCRADOBRBEMPBND Z 2R L, BEa X FER Lo
Pefiim & U CREEAIT o7z, e, BHOABMLEmOIE
A & FARIC (Fig. 3). RSOV RSN D 2 & ZhER
L7, CYTOP H % U 7= TENG (2B W TCId, AFFEE & L
T, FEXEYICIE L%%‘ELKDTL\T AT T A% W,
Fig. 5 127”9 K 91T, 400 [EI#EfE# IS L OV HREZIZBWT
%, CYTOP Eé‘éﬁ@zﬁ:%l A L7354 L [R5 o TENG H 8T
BHERF LRG| BEAREE O BRI AL 5 H i 2 1
HldsZLnTERL,

3. fEim

ES ¥EIZ L B CYTOP 7 7 A AN—[EOERUZHIH TR Zh L 7=,
CYTOP (¥ PLLA & i UM RFFORMILZEMELR &< |
CYTOP =L 7 kb vy MAATOBREEFEE~DISHNEL T
bDHEEBEZBND, Fio, FEREEMN L BEEEEBNOTHH
LZEB<E D7 TENG TRAL 20ty b T v A2k b,
TENG BRE) DORRIFZAVLE S R 2 3 < & 7=,

4. SEH

[17 S. Kim, K. Suzuki, A. Sugie, H. Yoshida, M. Yoshida, Y. Suzuki,
Effect of end group of amorphous perfluoropolymer electrets on
electron trapping, Sci. Tech. Adv. Mater., 19, 486-494 (2018).
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3D v hEEISEA PEEK (2811 5 ‘
ERFHEESIUVT7TZ—) D OEHI TR, REESICRIFTTEE

FORH AR AR B o i & DT JE R e Bk et =725 B
OFnHBUR, BF DA, HEERUE, SHEML, ARpa], R0

\

Effects of Printing and Annealing Conditions on Flexural Properties and Surface Hardness
of 3D-Printed PEEK for Crown Restoration
by OTakahiro Wada, Shunsuke Noguchi, Haruka Ebihara,
Wataru Toyota, Yuugo Matsunari, and Motohiro Uo

1. HEEHN

ARYx=—7 v —F /L% k2 (polyether ether ketone : PEEK) (X, A—/X—x V=T VT T IF3RAF v
W END EMEREES THEICTH Y . WEEFIZ IV TIRRE ] S - KRR HRREE  2ate, &
FIERHBEA~OIEHAPMFI TS, BIfE, $FH PEEK O T 1AL LA T (CAD/CAM) 23
TR THDHH, T, BEEE GD 7Y b)) ICEAMTIZ oW T HIERED SN TWD, — 5T, Wi
EEM® & U THERAE PR B 2095 AT 4 7 —% ¥ L7- PEEK B2 /= 3D 7V > b
R 2 MEITROENT WD, AR TIE, WEEEH PEEK 7 4 7 X2 N& 7 4 T A 2 NEfiEfERE (fused
filament fabrication: FFF) 533D 7'V v # —Z X V&R L, &SN (V ZAVRE) BXO7T=—U 7k
FEM, IEEH O T RER X ORI S RIE TR LR,

2. HIREE

2. 1 3DFY Y Mk DEBEIEER PEEK DRERF D1ER

A RBRARER A Qmm X 2mm X 25mm) 2B X O v b — X R S REBRH R A (B 12 mm
X JE& 25mm) *% FFF 573U 3D 7'V > % — (FUNMAT HT, Intamsys) % F\\CH &S H PEEK 7 « 7
A2 I BAERL LT, BB IEDO RN % Table 1 1237,/ A/VIREEIT 400°C, 420°C, 440°C D 3 F:F & L,
Etk, BRI DR 2 a8, 7=—1U 7 200, 250, 300°C O 3 Kz Tr=—V >
TR AT o7, fER U OFHE % Fig. 1 1R T, REBRT IXM/KIFER#600 %2 W C-HEZIGREE L
Tro FE7o. 8 SERER R A I3 2 MK EERG#2000 £ THFEE L7, eSS L — —BMEEIC I v £E|
HLE 253 L, BT E & Sa 2 0.100 um K TH D Z & MRS L, #F g R X O sbERIE =8
HITRRER (n = 6) ICXVRHMliL7z, ©y b —ARmEIRKBUL, SHICOZ 6 B EZHW, 1 BB 5
fEHT (n=30) WPE L7z, S5, REA W2 EAAE FHEME (SEM) B X = 3 v X —25 88 X oy
Stk (EDS) [k Bz LT-,

Table 1. &M

Layer thickness (mm) 0.1
Infill rate (%) 100
Nozzle diameter (mm) 0.4

Deposition speed (mm/s) 20
Nozzle temperature (°C) 400, 420, 440
Annealing temperature (°C) 200, 250, 300

Fig. 1 &@F LciliRf () =l sk R
Ao (B) By l—ARKEES R A

2. 2 JRAVRE, T=—Y 2T REQHITIES. HIFEERADEE

T == TR E L WVEREHI DWW T, 7T =—U U J AR AT o 72aEE & Bei U TR EITAR Vil  RE
Marmd 2 EABERICTIRE L TS 456 =Rl BRofE R (Fig. 2). / AVEBEBLIOTY=—U 7
BEED LS BT R R L O MR IT VT b3 2 m A2 R LTz, 72720, / A/VIREE 440°C
TliE, W SEMER TR AR RD bz, / RA/REE 420°C, 7 =—1U » 7R 300°C THERLL 73
BEA A RRME (P FRE © 169.7 + 6.2 MPa, BhITHMESR : 3888 + 140 MPa) %/~ L7-,
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SEM 35 X OVEDS (2 X D Wl ofE R, #UEHRIZHREA TH D TiO23 20 wt% i A STV D Z & D3
RS, EEEEIIMREE ThH o7z, LLERDL, J AN (04mm) BIXOEEES (0.1 mm) (2x)
It U 72 JE AR 22 28 BRI R S Tz,

2. 3 JRAVEBE. T=— VI BREORAESADZE

Fig. 3 128 v I — AR EME SRBROFERZ/RT, / AVEE 420°C, 7=—1 > 7R 300°C (N420A300)
TYERL U723 S KA (262 + 0.8 HV0.2) %78 L72, CAD/CAM M EHIRIT 5 JIS T 6517 DI T
1. 25HV02 LU ERRO SN TS, AFZEOFER L0 . M7 ZVIREE 420°C LA o7 =— 1 v 7iRE
250°C PL EDEIFIZIR N T, BHERH-TZ LB LM E o727,

LEOFZRTY 77— U 2 BHRNE FTHIR) (2L DM LEMORRER, / ANVBEBLOT == 7
D BRI, FERCESEINT 5 Z E MR L TWD 456 ZNHDOfERERAT D &, NG,
B2 7 =— 1 > 7R PEEK Ot S b8 218 U CHEMIT PRI K & < B Z T 2 L AVURR S T,

bXo, @Rt (2 ZWRE) BT =—Y o ZERESR 2 YN 5 2 & T, RO W EE
#H PEEK 7 4 A7 L[AZ O, iFMERs I O0EREHE S 2675 3D 7V > MERMNELND
ZEDBHBMNEI T,

30 —r

200 - nding s ch v '
%:ﬁxﬂraglmtmlﬁt 5000
180 F 25 _[_
;:6 1 .—I- N 3 4000:_“‘ ’g
=140 B £ 2 E 20
g WA
e 100 A /] o S 15
8 g E 5
%ﬂ ” ; ] 2000 5 210
c V] V] 3 g
o 60 2 3
o V1 g = 2
40 V1 < 1000 5
v V]
20 ¥ 1
] %
: “”$ g@>@§° o T
& «9 ‘9 e
S P S
Fig. 2 / AVREBLOT =—V U 7REIZL D Fig. 3 / ANVREBLIOT =—V U 7REIZLD
ﬁﬁ%@%PmK@zﬁ@ﬁﬁﬁﬁﬁ(@ﬁ g TSR FH PEEK D 2% i il & 3RBRAS 5
3. &EXM

(1) A97EE « TSR o 5 E 5 1E O —UUEIZ S FEli Lo EFHICOWT] FEO—HEIZ DWW T.
PREZ 1130 551 &, 45Fi 5411 H 30 H.

(2) JIS T6517:2011. BEEMMEE L2 . HARTIERUE

(3) JIS 72244-1:2024. © v 71— AMESGABR—25 130« ABRI71E. AARTZERUE

(4) Takahiro Wada, Haruka Ebihara, Shunsuke Noguchi, Motohiro Uo. Evaluation of 3D printed
dental—-grade PEEK. The 4th International Symposium on Design & Engineering by Joint Inverse
Innovation for Materials Architecture (DEJ12MA2024) 2024.10.03

(5) B, FnHMUR, FRIEIL, WEEEM 7 « 7 —WINPEEKDFEJE IE AR OBV R, A A ANA A~
T U TINREET R T T L2024 2024, 10. 28

(6) FnHMUL, BF N 4EEh, WEEFGE, TR, DTV XX DWEEREHAPEEKOER-7 =— U » 7B &
ONETZ AT K DA R E D - SCHVRH A S 6 EE6AF JE e - e 7' e & = 7 MR
=E3

(7) Takahiro Wada, Shunsuke Noguchi, Haruka Ebihara, Wataru Toyota, Yuugo Matsunari, and Motohiro
Uo. Effects of 3D Printing Parameters and Annealing Temperatures on the Mechanical Properties
of 3D-Printed Dental-Grade PEEK. The 5th International Symposium on Design & Engineering by Joint
Inverse Innovation for Materials Architecture (DEJ12MA2025) 2025.10.01
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Fabrication of Collagen Gel-Based Scaffolds for Measuring In-Air Activity of Cultured Neuronal Networks
by OYuya SATO, Takashi TANII, Hideaki YAMAMOTO, Ayumi HIRANO-IWATA

1. BAREH

VAR BRI A WA A a v B e —TF f VT ERTRARAAL AL T Y v RaRy NBREE
EEDTND 2, B2 BEE Ty =T T34 AOEBUIE, MRS A > % 2 _X— 24
DKL CHIET D Z L NEETH D, L L, MRS L TR THY ., RRTTLELE
MRS ENRH 21T ) Z LI3RRE L CTHREECH D, 27— U P VTEWERBEAEEEZ R L, ZIRooiHEES
AR IS OB TOAMEICH Y . ZAEMT LA (MEA) % W= RIEBhEHIICHE LT\ 5 &
WEINTWD 3, E6I2, 27 =7 UBNARA T HRKMEIT, 225K CORBEMENZF 5T 5 L HfF S b,
ARFZETIE, @VMEAMEREEZ AT 535 —4 v/ VRN RS 2 R L, BEaeh A o B fErEm ks kOt
KREGRE F COMBRIEEIEHIOEBAZ B & LT,

2. HAEARE
2. 1 MBERHLELEDIST—FUEBEREROES

TR AR LS 26 IO 9 2 B (ND+ 551 : Neurobasal — epussey | mwns /
Plus ¥5Ht + 2% B27 Plus + 0.5 mM GlutaMAX) & =25 \/
— 7 U ERMEERHE  (Atelocollagen I-AC, Koken) % 1:1 T
RAEL, FNVETT A4 - iS85 2 & T, Al
R EARBER | om O3 75 S ARIE (L ... S
7= (Fig. 1), (BB L7z = 7 — 5o g, DS ARIRE, e |
@25 — 5 LB B A A 2 BT B ik Fid 2= ENmmia=n
e, @ K@D a7 —»7 R A Y H L7-REE, 200
D 3WREIZHTT NG, KEDQT, oy hTHOF |
ANTHEIETEZ DT OMEELZF L TND Z ENiHER
T&X T, aT7—F U FNEEE D N—H T AR T
Hrf S (Fig. 2 /2) . IREEQD =2 7 — 7 LV lilE O JE 7
AR mPRBES THALZEZ A, 998 +
3.42 um Th o7z (Fig. 2 4). 7 = VISR A TEW
THEZ R 5720, RO 1NE < 72 21
DR ONTZEOO, MIEAELE S 425 500 (X5 g
IR DT, BOBHRDOEBEI T Vi EZ LR
%o 27— U ISR Ui iE A, 1 M
CellTracker Green CMFDA % W Tl BIER+T 25 L&
a5 — 4 U L ORI BlE S (Fig 3), Fig.2 5T AEM EOFERIRIED 2 5 — 77 (e, B
a7 — OIS SERRE L RE STV S HRPANER N & MR D =0 T — &7 LB D IR F )
7, MR O a7 — 7 B OE TR 50 pm KERCE). FARUTRIEME, 2T 7 IPEE, =T —8—
Wb EEBEZBND, IR 2 A R T,

2. 2 MREMREOESEHR

a7 — 5 EEOMSEOIEE 2. MEA ZHWW T
FHTCED0END DT, 2T —7 I LT
MldzRZ Liha s, a7 =7 EELIcAT o n
A RERE LI2GE 0 2 2440 T Mg o &
%17 > 72, MEA ¥ MaxWell Biosystems ££:#4¢ MaxOne

150

100

FEE [um]

50 *

]

Fig. 3 #HIINA L3 LT a5 — & L (e, RIEQ)
& HOEBLEMER)
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MEA Z{iH L7z (Fig. 4), {&EhFHANIZ., MEA OB, K5 Tl
A AR Lma T — 7 A2 E L, Nb+EqHi% 100 pL 3% F L C
(IRRE@ + Nb+iEH1 100 uL) 1T5 72,

25— AW TR L RN & 25— A L T R L7 %
7 A ROEEFHGE R % Fig. 5,6 (ORd, 27 —47 L fE b TR L
FAEMIIA CIRIEBIAE L A CHITE 2o, —H T, 25 —4 Lk \ N A
WL BO L7 A7 = 1 RO, R G SR L siE B oo
2~3 B 1 FIRRE OBE T LTV AT NIl S, 27z Fgd 277 FVHRES
DHE . SEOMEMPANR D DIL L 72> TV BT, BMTEEIC I s BHIICHE L7 MaxOne MEA
MRS 8 < L FH L - IS B R S o 2 B, (IRTE® + N+ 100 pL)

o
@
|
channels

i N ' : ﬁﬂlliec] " oM se)
Fig.5 =27 —75 Ml L CHisia 2 5548 L7 & & ot Fig.6 a7 —4 Vi ETAT7 a4 REELZ L
FRANE DI KRR (72 b)) . FEKBEE (EF) Ondfis 7 T OO KRG (K ), BABEE (BT ©

AL =Ty b (£) it AL —Ta vy b (f)

2. 3 A FaR—a5TOMREEERER

WIZ, A F aX—=ZADORKERE FIZBW CHIGEIFHUIA FEETdH 5 M ERGE LTz, MM & 554 &
TIXakiE L2 7 — 7 U %E MEA BICHLE L CRIEG + Nb+isH 100 uL) . A > F 2 X—FZHMNIHD H L
ToIRRE AR ENFH 21T o 7, FHANT —EREM Z S 0 R UEM L, FFRIRGEICRE S Mg 8o 21k %
FE L7, ZORER, 27— U EEORKIEIZE Y | RKERE FIZB V0TS 20 5, MIEE) 2 3l <
DT ENMER SN, — T, FEHORE & & HICRKBEECIEEOK TR S, 30 5% 2 5 KR
DEE LTFHINZIZ S B2 5 TRNBMETH D Z & DR STz,

2. 4 F&O

AL TIE, BWERAMEREZ BT 227 —F U P VBRI 2 e & U CERL L, Bt o B v
M EB L OKRGERE T COMBIEBIE O RTREMEIC SOWTHRE L, ERl L7 a5 — 42 UL, 5o 7ok
MAOTRE 24 L, MMEORERS IR 7 204/ ROFENATETHDLZ L 2R L, £/, MEA & H
W MRIREN FHINC W T, 27— U EICERE LR A 7 = a o R CIRRIM L 7oA EEh 3 51 &
. REBEETICBWTH B OEEEHINRETH D Z LR ENT, A%, 27 —7 U #EET
PRI 2 BB T 2 - DI E RS . BRBOKRKERE FRtllo72d07 7 u—F 2 1% T 5,

3. &M
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Enhancing speed and sensitivity of temperature measurements with nitrogen-vacancy centers in diamonds by
OShuntaro USUI, Ken SEKIGUCHI, Ryota NOMURA, Keigo HAYASHI and Takashi TANII

1. BAREM

R, F 2 AAYEy RO —2#E 221l (W) v & —Z2 RO MapaEnmEe ShTuna i,
NV B —OEF AL OIGFEFEEARE A L CET 5720, ZOREERY 7 M35 2 L
RV XA ES NEFEOIRELZHETE D, — KT, ¥ATVESRFD N ¥ —% A7z SR
BEREITIX, Ramsey P —7 2 AIE & _— A L5700 2k AR S SEEHIE (LI, Ramsey HI7E)
DHANWGNS[2,3], LLA25, Ramsey HIEICIZEH & HEREORIZ N L— KA 7 OBRNH 5,
BIEREH OFHEIC & 72> TRIEDETED D L, 2 OMESE T3 OMEN D b ENHPERERICEET L0 0
Thb, TR TIE, EREMHZREEICHERTRE/R BAES L A YEY FEKFO W 22— 0
T, BAHEEIEIC X D IRNT TR O A2 ERITHRGEE LT,

2. HIEEE
2. 1 FisherlBREICE D BIEHRFT L ERRERR
NVt > & — % U 7z Ramseyifll &2 3 1 5 18 30 \
HETE S O B L RE & FEEHIHEE O T
EXAE L7z, RamseylE CTik, EEZALIZER T
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VDAL & L TERICEI., 2 OAARTEHRAL
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fEEar NIRRT A—2 L LT, IBHOH BBEFEMT, [s]
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TR EEHEE IS LB D fcil 72 E s (S~ a v 100 4
N ZFHME L=, BARRIIX, XA ey 108
RHIZAFEIET DNVE v X — DAL ESCEL A DR 5 &
MgHar I ANMIERDEBE—EFa b
T A RNDPER Z LTRSS SRIL—%2 5
L7z, X2l &2 VEBNR R ENE

e
\\‘*\ﬂ*
\\\“\

(=3
[=]

-
o

T —

200mK @1s

EEIV KSR [%]

118 ~

117 4

116 1

115 4

114 4

113 4

—
—_
(%]

—
—_
—

i E 2R [mK]

0 SI(} l(I}O 1_;0 2(I)0
Jowv b
X2 WEBTHTAY hEhE
1 H-YVISERARELRED FEEEDRR

P-139



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

Research result

L7581, b EHREOREWE—-DRIESMSE H—7 1y N ICEEER S 25560 bIRE SR
BREL 25, —hH, EidEs TS0 TN FET 25A 1%, IREZECICERT 567832 &
FROFES ZITERT 2 FHE L I OBEST 2 2 E BRI D, 205G, EHo7 ey b

ERAETDHZLICED, ROREDL EOREBL VL LT ) MR E L TRAMZRFisher FHE NS 2,
K213BUS 35 7 vy NI e 1R & 72 0 IZERATRE R IR E S IFREDBIfREZ R L T\ b, BfFT 257 vy M
2 E DA IR O S ZITER T 2 RHEFENEIC X > THOMBEEME T 5 — T, 2T 5581013 ®
FEO/PNSWRIERIZEH D Y TONDREHIAEM L, fRE L TOMEMET T2 Z LRI TWD,

2. 2 E—BAEEHETCORETFERELICK DMHERER L

WESM 2 —OEES T, T FEOREZER LT

BAICIREREEMREN CORERESND b B T T T [0 Fitting
L7z, gL LimF— 2%, BER—EDBRE T ul D MLE
Tiifee L CHUS Sz EH—[alDRamsey  HIEFSE R TH - T
D, ZOERIIT— X %0.58/18/5H L iz AT A 2

o
AL, BEr6000fHDMS 22 REHET — 2y bE = o) [ L B | & &
LTHT 21T o7z, $7bb MESRME (UE A EL;

R 24

¥ HERIRG. RUEEER. SRR 1kt CR
T 0| FNTREEOENIC L DR RO o X " Lo
DI FERIT T S A BHER L 72> TV B, JRHTIC

X, RERIE < FAVY BALT X - IR TR IEIC & °1 1l 1 1

D74 T 4Tl BMHETEDNRT YV UHEEHT 05s 1's 5%
BED = & BILREICRE LA (LE) 2% TS
NEHE LT, SIS R D576 & /3 A A 3. BRATIER O & DREMTRER D3

Voray heLTHEUELESDTH D, 72, #E

HHIRE SR EZE L CTEONHEEE AR (0) L L UREEZ 7y P LTS, T OREMLEIC X 2 fiffr
TIIAMUVIEDOR BRI L . A RED KD ERT2E8mA R 67, EBRICE S HEEME O
EOREEREMEAE T/ S < 72 0 IBEEERZOBWMEHEXM HIKL 7eo 72— F T, ZOZEIHEAERR NS
SBBIZONTNEL 2o Tz,

INH ORI, WESRERZLT LbKELISNTWARWEETH - TH, FrFEEFHFHAICED 2 b
NEEZWZ DT T, REHEREZAEICN ESEONDZ 2R L TND,

3. F&B

AWIETIE, FA YT RPONE X —Z2 DTSRIV T, mlE SR N COHEER M -2
HE& L. MESRMR KO FIEOME 2 SRET 21T > 72, (T UHIC, Ramsey HIEIZHIT D HE RELE R
FOHIERFRIEL 7y 2 RN IRR L. ED X9 MERMFICB O TEBRENER T 2026 ncd 5 L &
HIZ, FEHHEE IS S CBlRRRM 2R Lz, RIS, 29 LIZRBE(EA 2 SN TORWHIERMHZH 2 T
EE LIZE £, T FEOAZ L E LIZGEOMRZHME LT, ZhbO/RE 28 T, AFFETIEIN &
> =REFHNC BV T, ORESRMARRICHES < BLERRY R MERERR L OIMIE L . ORI E Y] 2 it Fik
DFANIT X D ERR G L LD oDl A b FHUMERE & M) b S 5 A 2R Lz,

S%IT AFZETHWZIERGH B KO FiE2, 7/ F A YEL RPONE o F — %2 W72 EEFH
~NEET L EEFE L TWD, BIfE, T/ XA YEY RUEZE LR35 KOV L AR O F
ZEEDTIHY | FRIC ASIEHTOREFEZ W2 Y 7 7 b o AREEFHI AT O JIE R OMEEL ED TV D, &
BT, NV o2 =055 b IREHEERR & BERIRGURE RN K 2 53R E A k9% 2 & T, ¥
TR T DT FIED 2G4 EBINICHGET 2 TETH D,

4. SEXH

[1] Kucsko, G., Maurer, P., Yao, N. et al. Nanometre-scale thermometry in a living cell. Nature 500, 54-58 (2013).

[2] Sunuk C., Jungbae Y., et al. Precise temperature sensing with nanoscale thermal sensors based on diamond NV centers. Current
Applied Physics, Volume 18, Issue 9, (2018)

[3] Neumann, P., et al. High-Precision Nanoscale Temperature Sensing Using Single Defects in Diamond. Nano Lett. Nano Lett. 13,
6,2738-2742 (2013)
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High-Performance Solder Materials by Multiscale Material Integration
by OHiroaki TATSUMI, Shunya NITTA, Hiroshi NISHIKAWA, Takeshi WADA, Hidemi KATO

1. BIEEmM

IR, RS0l B ECEX BB O Kk, =X X —HOEEI, ~VAT T B OIEK
REWZRY | EEET AL 20/, mERIL, SRR EHE L RO TWD, ZTNHDT AL AT, &
TR OMERER ERPAE =/ Mb 2 EBL L, R rTRE bR OMEICER L T D, UL, T35 ZADMHRER
Rzt BAEEGHOSBRERCmERE N HERREE L 2o TV D, 1R, IZATEMEI~DO TR
INZ X 2FRASHEDEFICD > TRFA SN TEL 00, RO BNDFHEITITE > T,

INETEEOIT, FATEMEBIZEM & LGSR - gL LT, m—% ZHAR—F X Cu OFALITIZA
RaE - RESETH LN —HF AT Cu AN—F AMEVITA T EGHEE (Lotus-type porous Cu/Solder
Composite: LSC) #EAHAIER L, 1TAZD 250 EOEN - AVREM 2L C& 72D, ARETIE, AT
FEOERMEERIET 5720, ISHEDO—2THHNRNT—FETV 2 — L EERICRIEL, Y a—LE LTOH
FRBURIL & HEE ) DR A GE L7 RIS DWW T 975,

2. HIERE

2.1 A—3RABR—FRX/IFAEEEBEEZET HN\T—ED 21— )LORE

LSC BB HR A XA T X v T E_R—2T X o FHICHN T, MG HESE O S 728U —F Y 2 —/L (LSC
EVa—) BERLE, A E Fig 1 1WORT, it —4—Z2WNEL7=5 X Smm ® TEG F v 7, #ikx
B (F) 2Ry y b Cu/SisNg/Cu JE4R), 36 KO Cu N— A& BRAGAATEHEAIEL (7 — & 2R
—F A CulFATEY—h) LEbicHEiEL, Vone
—IC XS LT, o=, ITATEKEZEES
MELEEEY2— (FAEEY 2—)V) ZH5bHE
TERIL7, ERL7-EEY 2 — kLT, Fv
TREORE ()L Cu ~N— AR R OIRE
(T ZaHRI L7223 6 F » IS E O i & i LT3
AXE ZDLEOF v IEKEmMND CuN— A EE
FCOBIRHL Ru(-o) & HMH L7z,
ZATEBEIOLSCEY 2a— VDX AT X v FEHE
FOR—=2T % o FEO X HiBiEEE % Fig. 2 12w
9, LSC &Y =—/b (Fig. 2(b)) Tif, v—& RAR
—TJ A Cu & ZDORILUICFTHE S NIITATEN, TNE
KA ORI EG E LTEESNE, 'Y 2
~/I/LZ:FSI/\’CM\ U\Tﬂ%@%fﬁﬂ‘/r ]\%@E FO*L Fig. 1 %itﬁf:E*\/:L‘—/l/@ (a) H;:ﬁ—ﬁ*%iﬂa:’ (b) QZE
VBRI BEAMNELNTWA Z L FERTE T, 2, (c) K

Fig.2 (QIFATEBLOOGILSC E Y 2 — O X #lstg: 74 7 5 v FH(L), X—AT X v FHH)
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2. 2 HENRD—FED 21— )LOKREEEEE

LSC #:AOEMMEZMFET 5720, WIERRHTHE 2 AW CRERHEZ R L 72, T 7RO b — & —
IZ70W OENE SsHML, ZOBROF v 7RERE (T) Lbe— AT Ly XEmERRE (T) 2HE LT,
T 13 5 COHEIG L TRWeTF v THEFIORERFEICESESHE L, T 3BESE VTG L, 5
ONZREALBEEIG, KTV 22— /VOBIRH Ru(jo) 2B LIk Lz, £/, Y2 — A REORE
DA EHET A0, BHERENOREAT L —%2 AN TCEYa— NV EHEZEHELZ) 2T, ¥Y—Fbt =
—7 (InfReCR450, AART EA =7 A) % HWCHIE L7,

Fig. 3 ([ZHEMERAT ORE R 2773, Fig. 3@ L 512, MERDIFATEE Y 2 — LV OEIEHIA 1.09 K/'W T
HoTeDIzxt L, LSC EY 22—/ T 0.94 KI'W &720 0 K 13%DOEPRFULIA R S vz, 2L, LSC
BAANAT 2 —JFmICE Lz a— & ARR—F 2 Cu DR REEVIZ L L THREL 72720 Th D
LEZOND, £, BESsHEOV—F a2 —TIC L DWENM (Fig. 3(b), (¢) I LT v IR ERE
JB& (Fig. 3(d)) IZBWVWTH, IFALEEY 2—/L LI L T LSC EY 2 — A BHERRER T2 R L, BE
FNZIZNFATEE Y 22— VBT D T O @ EERE D 116 °CTH > 7= D% L LSC £ ¥ = — /LTl 102 °C
L7014 COBBEIRBEN R G Diviz, LLEDOFEREI D LSC#GH N /RY —F ¥ o — L OfigEEm k=
WA TH D Z ENFEIES T,

(a) (b) ©)
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Fig.3 1ZATEY 2—/LB L OLSC ¥ 2 — /L OBEWVEFARRE B (a) BHRHT Ru(j-c) D ELi; @R
B oY —F 2 —7 2 MO TIRESMEER ROITATZEY 2—/1, () LSC EY 22—/,
T TRIERE(T)OIR LB O Lk

3. &M

(1) S. Nitta, H. Tatsumi, and H. Nishikawa, Strength—enhanced Sn-In low-temperature alloy with
surface-modified Zr0O, nanoparticle addition, Journal of Materials Science.: Materials In
Electronics, 34, 2066 (2023)

(2) H. Tatsumi and H. Nishikawa, Anisotropic Highly Conductive Joints utilizing Cu-Solder

Microcomposite Structure for High-Temperature Electronics Packaging, Materials and Design,
223, 111204 (2022)
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Optimization of deposition conditions for amorphous In-Sn-Zn-O thin films using reinforcement learning
and combinatorial sputtering
by OKeisuke IDE, Naoki IKEDA, Shimizu ATSUSHI, Takayoshi KATASE, Kosuke TAKENAKA, Yuichi
SETSUHARA, Hidenori HIRAMATSU, Hideo HOSONO and Toshio KAMIYA

1. BAREHN
T EINT 7 A HEELR In-Ga-Zn-O (a-IGZO) (%, 10 cm¥Vs 2 2 2 mWVE - BENE & EiR - KiffE

PRI FRECTH D Z &0, f427v4ﬁ§ﬁ%3/2X5(HW)@?%*Wﬁﬂka%ﬁkéhfw
T5 [1], LU, LEDT 4 A7 LA Hiffiic Tém)7v//;v—km%m%@fm ZfEW. TFT F
¥ RVIEE R DEBEHENRRD N TEY[2], ZOEFIISXHA/EME LT, X amWBEIE LR
T L ENDTEINLT 7 A In-Sn-Zn-0 (a-ITZO) M{EH STV 5,

—J5C, a-ITZO OEFBEEIL 9~83 ecm¥Vs & HEIC K& 2808 H 0 [3]. MRS L - TRk
DRESEITHZENHOLNTND, ZOTOREIERFMHFITNELLHEL STV, RIFZETIE, Z
ORI L, a2 EF MU T ARy IR LD EAN—Ty MedEHMERL & | skl 2 V72 SR
REMBPBEDEDFEEZRET D, ZOT77n—FIckn, 250 TFT Fitt2hRMOICINEST S & & b,
FEET A S W RE S O TR & RRAEAITVY, a-ITZO TFT O @fEgefb & B L7-,

2. MERE

2—1 aEF M) TIARY ZITLDITZ0 F v 2L /R

AWFZETIL, a-ITZO DML & FrE 2 RMICFHI T 5720, 2> B F MY TV ANy ZiEEmEf LT,
ZOFETIE I DORNRy ZH Y — REHW, A RS S FIET 2 2 & ¢ sRIEALE DG U TR
DEALT HEEORE 2 — 2552 LN TEX 5, Figl@lZa B F NI T ARy X2 7% LT 5HER
FC, FiglOIZHEMRA N F —DEEZ R, ANV T =13 4 4 o F VA AT, lem AOE K E 9K
BLECEX DL 9> T D, MIEEIIX02 Pa, ¥ —4 v MSEMRFEEREL S cm ICEE L, BEER =L,
RF XU — R & A[ENRT A —2 L U CHEHREEIT- 1=,

RFEHIE LT, Inp0s, SN0z, ZnO Z —47 » MMZZENZEILA0W, 26 W, 24 W ZHI L, BERIEELL 10 %, A
B[] 30 min CREME L 723D/ Ai &2 Fig2 (2”9, XRF THIE LR A L~y v s
(Fig.2a—c) TIEX K 4 A > FEM B 72 R ABL DS ERE S AU72, B 2 0E In BEERIE ARV 2 — BT 71 %,
TETC 14 %KX LTEY, A HEY o A CAGAHBEREZELND 2 ENbnd, X5,
1 cm 4 O H—HpR & %512 EPMA CHUNMEIR T 21T o 7o R T H L FARNIC B 72 R BB FET D
TENIRENTZ, BARANTIE. InBEEEN 16 %y 11 %~Z{L L TR Y., O ARElRNICB TS PR
FARAENA L D Z &R S i,

(b)

Fig.1 (a) Combinatorial sputtering process. Three sputtering cathodes of In,Os;, SnO,, and ZnO are arranged
beneath the substrate holder, and deposition is carried out without substrate rotation. (b) Photograph of the
substrate holder (diameter: 4 inches), designed to accommodate nine 1 cm square substrates.
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Fig.2 Compositional mapping of a-ITZO films deposited under representative conditions (RF powers: In,O3
40 W, SnO, 26 W, ZnO 24 W; oxygen flow ratio: 10 %, deposition time: 30 min). The elemental distributions

of (a) In, (b) Sn, and (c) Zn were obtained by XRF measurements and interpolated to generate contour maps.

2 — 2 TFT 7734 ADOVERL & RphFEA - FRIb5 81T L 2 St { b

B Oz a-ITZO I Z VT TFT Z21ERL L. £ OEKEFEZ FHE L7z, FRIZI3K 150 nm OIS LR %
Fom F—""n" Siv=r—%2H\ ArhaF—hr- by Taryy MEEEEA L, Y—A - RLA v
BMUE Ti (100 nm) & L, F ¥ F/LK L=300 um, F ¥ F/ViE W= 50 um ([Z5XEF L7c, BOBRSFOBRRITIL,
AR A b7 v Y XA PHYSBO 238 A L, FEErT — & LB E 2 A b TR i 21T -
oo ET S5 RO T — 206 TRET VAEMEE L, HEE SVl S TRz 7 588 2 320, 15 v iofb
REBKRT —Hty MIBEMLCETAEZEHT LA 7 Va3 EEYIELT,

B b DOFEIR - 121%, Ina0s, SnO,, ZnO ~D RF /U — B &L, BE, mEMV Exy). 7 =—/ViRE
DO8HHZHA Lc, BHRUBEIL, ne DKL E Vi DIRBUZERE LTz, ZHUTE D EROFITHRARN T
BT RBEDRERBEN I CH LS5 2 &2 -7,

VT — 2 DO HRAIOTRET NV EREET HDIfTo 1 ERBOa B MY TV Ry X EBRORE R
Z R, Ina03, SN0y, ZnO # —77 MIFINEI 40 W, 26 W, 24 W ZHIIN L BEEZ WL 10 %, FRIEEERE] 30 min
DAL UTFT FEOHIE 21T 2 72 ARKN 72 5 DOONE TR S IWIZ TFT O T A7 7 — 71— 7 % Fig3
IR T . Vin13-45 72 5-64V O#EFH T2 L, BEIE IR KT 27 em? Vs 2R3 2 E R bno7-, HIE Sz
TFT 1 ZFNENOAR T EIRIFE L R D882 R L CRBY ., 1 BIORET 1 & 205272 Ak « FiithT
—Z HFERFICEE TE 5 Z E M EIES N, BLEORERIE, a v b U TR Ry ZIER IR JRFTHY
IR ABL AR L, TFT Fptk & OB Z SR RICIRBE CEX 28 N7 FETHH Z L 2R LTV D,

VT =2 D ORI NZTHETAORT 7a y bR LT 5, FRMEE EBRMEN—Bd 5 EE LI
ZLORBIALTEY, FEHT 2K LTI RMEN 093, 7 AT —HXIZXLTH 043 2Rz, 2D
AERIX, WELEETADRRMORMICHH L THLBEBNEL —ERETHTEL 2 2R LTS,

S O A 7 NV OMEITICE O I RKBENE OHEE D, IO 55 KROPIT — 2 TIIRKMED 36.4
cm¥Vs TH o7, 3 EOFRELY A 7 V&R T 127 FOT — X NERB S, R RBEEIL 50.8 cm¥Vs £ T
mEL7, 2o Ent, bR IS SRR IL, EROFATHRRIZ L~ CTHE MM CRIE e Rtk
ERECEDIENGRTFETHD 2 ENFEFES N,

104:‘]“"“"I““I““I“"I““I":

6 ]

ARBFFEOR AL, EI - FEF A 2 T 7 — AL ) N ol @5
varBEIt T e Y2 s MBS LD TT, $1m§ 3
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BEIH o g
[1] K. Nomura, H. Ohta, A. Takagi, T. Kamiya, M. Hirano 3 E
10—12 ol by b by by e by

and H. Hosono: Nature 4.32 (2904) 225. 80 60 40 20 0 20 40
[2] 1. Hendy et al., Information Display 38, 60 (2022) Vs (V)
[3] F. Chen et al., Advances in mobility enhancement of

ITZO thin-film transistors: a review, J. Semicond. 44, . ..
091602 (2023). Fig.3 Transfer characteristics of a-ITZO TFTs

fabricated at five representative positions on the
substrate during the first combinatorial sputtering
PHYSBO, Computer Physics Communications experiment (RF powers: In,O; 40 W, SnO> 26 W,
Volume 278, September 2022, 108405. ZnO 24 W; oxygen flow ratio: 10 %; deposition
time: 30 min).

[4] Y. Motoyama et al. Bayesian optimization package:
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Development of Quantum Materials and Innovative Device Structures
towards Topological Quantum Computers
by OTakao SASAGAWA, Shota OKAZAKI, and Rikizo YANO

1. HEEH

FERE~OHFEREELE I E 2 —XITBN T, KB DEEMEO RO E 7By MREOME L T
BOBETHD, BEFORETE Y NI, B /A RXTRK 57 —IZfedi THY, ZDORRVETIEIZHE KARY Y —
R BFTHIENRI R L7225 TND, ZORBERARRNFRR TEDEMEL T, MR e VB RS R %
AW lMRa VB o Ba—2 NS Q0D MY i VBRERTIE, &1 (B 1) EIEFL (BOhE
1) OWEE RS | Rrik7eJE Al B 7RG HE e [~a T T MR- | O MBI LRI T S STV 5,
ZOWERLFE W& T2y MAEIX, MRy VRSN DT-0 BT ae— L 2D 70 (T —
EERICTED) B AN AL /2D, LNLRAND, 3T UKL 12 L EITHRANT DWE RS0, Z OHfilfH
EATHT /3A A D R FZFEL, RIZBIER LD, T TAFE T, B EREIFICRBITIZ0K
MBI EIC XL, WE R R T T a—F bk 95, BARIIIE, ~3 T UKL T2 A3 T AW E OB,
BLORENLE AW T NAREEORELEZITV, MRrY IV E By ORISR LKA BT,

2 HERAR

MRBEY A NBIREAR DG TG T D f-PdBir XI5 R @b~V DTV — o R a FF oL —
W— 8 3 iR EE 743 (ARPES; BURWPERT RAWRAIF) 2 F T2 S8R A | ) b B A dh sl et & LT T
VN, EORMENZBIT BB BOEEBLIANC R LT2[1],

TP AWE OB A EEZHONCT D20 SUREEO LA T o7, f-PdBiy 1TJE RO %%
Fio (" 1(a)) . Bamat BB LN ARPES JIEN D, fldm NI K TS 7B 7IRHE (0 ~ § SUR) & B
RENZBLNDRF R TR EFEIRAE (S1, S2 /NUR) A3, B R ZZ MW CEHEL TFEEL TWD I LA fifgsR
L7z (X1(b), (c)) o IHIT, BIZEIEBIRE (T, = 5.2 K) LLENBIEIR (2 K) £TO ARPES A_Z ML DR
RAFMEREICEY , BEEEEI D B REOZE (BREX vy 7 D<) ZHIBRICHE X 52 EITEE)
L7z (X¥1(d)),
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1. (a) B-PdBi, DfE I, (b) M-T-X U MIHITDHE S M (0~ § 13V 78 1IREE, S1 & S2
I IRHEEFIREE) . (¢) AENIRE T/ H(ARPES)FEERIZL D7 = L IE D~y 7, (d) §-7 =/LIMEICIIT
% ARPES A7 ML DR FERITE,
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B k13, K1 ()R LTSSk i35,

I, ZOBARBIRBEN TR | &[NV | TED I ERR L0 EMA T 2720 FEFURICB T8
(EEX Yy 7 DO REEEREB TN LTz, TOFER, SV BLOEROTRTOT7 = /LIMITBWT, &7
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Nanocrossbar Ferroelectric Tunnel Junction Memory
Based on Two-Dimensional Perovskite Nanosheets

Yutaka Majima Aditya Arun Nirmale, Minoru Osada
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Figure 1 I-V hysteresis loops of TiOx/Pb,Nb3O1 (n=3)/Pt nanocrossbar ferroelectric tunnel junctions (FTJs).
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Design and development of novel inorganic semiconductors using computational materials and data science
by OToshio KAMIYA, Jinbe TANAKA, Yu WATANUKI, Keisuke DE, Takayoshi KATASE
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Band gap tuning and electronic transport properties of spinel-type sulfide
by OKota HANZAWA, Takayuki NAGAI, Ryoga NAGASAWA, Takayoshi KATASE, Hideo HOSONO,
and Hidenori HIRAMATSU
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FFOREBIZ L HFHI R—E 7 &L, 6 - EFEEFrEE R~ 23],
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(a) (d)

(b) 1065

" =001 03 05 X= =
11 L ;J& g, |x=108 x=0 03 05 X° —03
- : oo -
1 L l | 0.7 = ;’10.55— —0.2=1.0
S : - ~ 1.0+ A
o | L | A 1 | 0.5 &= =2
7 . " s 10.45 T T T T T T T 1 g
= & 00 02 04 06 08 10 >
£ | r-i()Am . 2
gl . s | L 0288 OF M rag £ 05
i als L o ® 3¥7er
i ; s — R EL
[0
i | l Osmm £ 22] E\
| : | ||I |v | : [ II 1 VI 1} ..g 0.0 : . . ‘
10 20 30 40 50 60 & O e 04 e 08 10 18 22 26 3.0
20 (deg.) X Photon energy (eV)

Figure 1. Structure analyses and optical properties of Zn;-Mg.Sc>S4 bulks. (a) Powder XRD patterns of x = 0-1
samples. Vertical black bars at bottom indicate diffraction angles of ZnSc,S4. Corresponding sample photographs are
shown on right. Squares, triangles, and circle represent diffraction peaks from impurity phases of Sc,0,S, ZnS, and
MgS, respectively. (b) Variation of a-axis lattice parameter (a). (¢) Summary of photon energies corresponding to
optical bandgap (£, blue squares) and photoluminescence (PL, red circles) at room temperature as a function of x.
(d) Normalized PL spectra measured at room temperature with (inset) pictures of emitting x = 0-0.5 samples.
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3. ZEXH
(1) K. Hanzawa, S. limura, H. Hiramatsu, and H. Hosono,
Material Design of Green-Light-Emitting Semiconductors:
Perovskite-Type Sulfide StHfSs. J. Am. Chem. Soc. 141 (13),
5343-5349 (2019).
(2) W. M. Yim, A. K. Fan, and E. J. Stofko, Preparation and
Properties of II - Ln,- S4 Ternary Sulfides. J. Electrochem.
Soc. 120, 441 (1973).
(3) K. Hanzawa, T. Nagai, R. Nagasawa, T. Katase, H.
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Figure 3. Electronic

transport properties of
Zn(Sci-+Tiy)2S4 and Zn;-,ScyS4 bulks. (a) Electrical
conductivities (o) of x = 0-0.08 (blue triangles) and y

= 0-0.15 (red circles) samples measured at room
temperature. Temperature (7)) dependence of ¢ for (b)
x = 0.08 (blue triangles) and 0.06 (orange squares)
samples and (c) y = 0.1 (red circles) and 0.08 samples
(green diamonds). Solid lines in (b), (c) are results
Results of
thermoelectromotive force measurements for (d) x =

fitted using Arrhenius equation.

0.08 and (e) y = 0.1 samples at room temperature.
Solid lines denote least-squares fitting results.

Hosono, and H. Hiramatsu, d° Cation-Based Spinel-Type Sulfide Semiconductors with Color-Tunable Direct-Gap and
Ambipolar Dopability. J. Am. Chem. Soc. 147, 35935-35941 (2025).
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Degenerate n-type electrical conductivity in an amorphous oxide, WO3—P,0Os
by OHidenori HIRAMATSU, Takayoshi KATASE, Kazuki MITSUI, and Akira SAITOH
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Fig. 1 XRD patterns of the (a) x = 60 and 70 samples with
room-temperature conductivities of ~107® S/cm (top) and ~107*
S/cm (bottom), respectively, and the (b) x = 80 sample before
(top) and after (bottom) reduction heat treatment.
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Fig. 2 (a, b) High-resolution TEM images and (c) selected-area
electron diffraction pattern of the x = 80 sample.
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plotted as a function of (a) reciprocal temperature (7°), with
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Fig. 4 Temperature dependences of Seebeck VB
coefficients for amorphous xWO3—(100—x)P,0s Density of state
(x =160, 70, 80).

Fig. 5 An electronic structure model of amorphous
WO3—(100—x)P20s at 25 °C.
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	印刷用 令和7年_03情報04要素_141-158p-h3h4.pdf

