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PEIL T 7 AREMEZE AW ZE R ELBiINiossF 0 15OsALF D ERL +vvvrrrrvvvrsssvsmsssvsrsssssesssivessinns [(P-51]
BRI ABE IO T+ PHRZRRT ORI, BERZE. JOFH

IKRIE P IV 2O LIBFFEAUNREIC K DS NZIR T VT EAL v [P-53]
BRI ABE IO T+ PHRZRRT OMREBELS, JEEAN

BODSINIZTTRD SR DS REABEIRIAEIDERET BT i, [P-55]
BRI ABE IO T+ PHRZRRT ON il A oA, TS PRFBML, Mok
BERAZ AR TSR EEEE

[RFERATICERBDIRIE - TRIVF—FFIDBITE oo [P-57]
BEBRRZFEM Y RT LR ORM%E, AH3E, IARBH

BBV A YRBEIEEIDDBIFE oo [P-59]
BEBRRZFEME Y RT LR O/MR3E, AR, FH%E

BEAEREEHRIZRVCIREE R FREDABIEERL e [P-61]
BEBRRZFEME Y RT LR OWABEM, I3, BH%E

FHRRINMZRITD/I\—RFERT T/ —)UBIEZFLIRDBAFE oo [P63]
BEBRRZFEME Y RT LR ORI, PRI
BRI AP T2 TR FIFEL—B. NI ig—

A AR SIS C R DN TR EEZHATR T MDBIRE - vvrvrerremesressssssisssessssssisssss s ssssssss s ssssesssss e [P-65]
BEBRZFEMH Y RT LR @Y/ ImErT

UF A Z Y BHIERBLIMN204D T 2SI RBBEUGED wrvveereerreeresssmeerresssssmessesssssssessssssssssesssssssssssssess s [P-67]
BEBRZFEMH Y RT LR Ot 4H

ENFHREBIBERAVNEUTF I LATEEBHIODESTREI(L et [P-69]
SHBAZT /-5 TR O/ —

4H-SiC Off-axiSEARKREICHITRRT W T T YUV TFIUIBER ooorrrerseesvrssssssisssssssssisssssssssessssssssssssssssssons [P-71]
SBAZE ISR OilikiEFs. Fetafi

Large-Scale Integration of Si-CMOS Micro Thermoelectric Generators for Efficient Energy Harvesting ----- [P-73]
STEAS O T RLIFRANTFAY Y, EWEL, Zilifat. WARREE. Ma%E
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Therapy Through Nanotheranostics] (20244128208)
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HT:43°CT 1 SRIRIFR, 37CT 23 SRR (BRI TFIEABRRYE) ZHFRET D FRDABEAMEEL
FN:NT |28\ TE#EE{HEOBERIZIER o )

HT+FN:-HT 2B TEH > EE0HEEIIEE THEThdIEN\ESHERDEE (S. Usuki et al., the

22nd Asian BioCeramics Symposium (ABC2024) ,

[\S]
(=]
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120 TUkeYS 054 P <001, P <0001, 8 NT:n=3) AEEDRHEINETHEABHRBMEROERO—DELT
Ewo| = & EREISAEMF B A—RAESTHD [DAEER
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< BB EBRULBBICEIRRIHOE MORBFED
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Kitakyushu International Convention Center, Japan (December 3, 2024) )

Tz RAESH —RRBZR IOV T 7RO [REEMRK - BEHEICEDINE - D-1IVANSLkEE
DA L] P RRBZREMIF—RIEK-RARESHO RS ENE S - 8B HF I YORIR] &Lo
HEREBEHEMREERRASN TS,

INA 7 EEE AR T EF

REER - EHIC L DIAB 1 U RTIEILMEBEDELL v [p-75]
KIRAKFARZBE TFHRE O HB
KRR RIS RIZ2RRAT oo, P =, AR
RIEKXFXZ IRt FARE BiME, 4mahds
RIAZEEMHRRIT KRAZESRZMR  HRAEZ
BREPRZTOY T P ERZERT [N

SERAS DRI R BBRELPBF TiB4SEDESIRBDBIIEEZITE oo [P-77]
KRR IHS T 2R OMEFIAR. MM T IR

RIERFEE AR IIELE FN
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In-Situ Alloying and Fabrication of Ti-Zr-Mo Alloys via Laser Metal Fusion for Biomedical Applications ---eee. [P-79]
RERA SR 2R OA4H Y 8y b 7ug, HIGTZ. MEHAT. SEREE. skt
SRS BIMTRITZRN LHA BB
Enhancing titanium osteoconductivity by alkali-hot water treatment [P-81]
RILAR AL IRELTARR WHLL OB, ORI, OAERAE
PN e p S Efiv-¥d
RRBERZPERME TR ARA NFRF—
Ti—6AI-4VEEDEFE— LARBEERICH T DB/EMENRIFEICRIFT T EFEREFDTE s [P-83]
R ARZEBMRIARPT OuliHziR
WEBFFPIFRMETER TRESFE
King Mongkut's Institute of Technology Ladkrabang Neeraphat Kunbuala. Phacharaphon Tunthawiroon
KIRAKFZEER R RPT REFHR, %
RREBEAFTEY AINE A
RIWAFRFRIBT ZHRA TR
CUuB XU ZNFNZEREBYVEENILY D LAEDIEREZDIMEMIESHE e [P-85]
RIEKFZRFBRTAARE O LW BHZEL T BEMZ
RIEKF NS EF AR AN R HEDE
Acute antimicrobial efficacy of gram-negative bacteria by pure copper coating using - [P87]
multi beam laser metal deposition with blue diode lasers
RIEKFRF IRt RE OB, 4wnhs
KIRKZEERFIHRPR B, Proul, ol EAHER
RIARZEBMRIARAT HREZ
e s R | | Y€ bl L s et i [P-89]
KRAZESHZMEN BEAZEBURARAT  OBREZ
RIAFKZ A AR SEEAAS, B
RIEKFBRUBESHFEPT HARKA PEES
RIEKEM BRI ZSHMRPT JIHEE, FERE IR
EYa1-)UEEEEICIEaMER I DSBS ROEBDBEREBFRITEIIRMT e [P91]
RIEKFBRUBESHRPT OMBEW, WARZEY, PEES, %k
RIEKFZRFRIERBE AR RE R TR
PHBARFIRT Filikx HIHER
BETE CIERUZEFAAU-CU-AIRFIAECIEE T DM FEMBIMEET e [P-93]
BREZKZDIOYTAPHEIRZFT 3 Yecheng LI, Kang Wei GOO. ¥4y, K. Tso Fu Mark CHANG. HIEUIER},
FOREEFERAMTARAT e, SHIEN OMIHEH#
RIAFKZ A AR BRI
B RP LI LT A
BARBENSYIFTUNI—V AT LADRI-EBE T /NF\DRAGSERIMEEED S e [P-95]
RREFREMERT Fht MTER OBRTARRH, EBFEET. APREIBERS, ZERFE, LRtz *
X0V T+ PR RS
AR EBEER NI DTN ICEE D CHUED T DEEELBEAL, --rvvvrrrervrereesesmmssrssssssmssssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssesssns [P-97]
BRRSAE DOy T PHRARR Ofnm T
Aggregation and Crystallization studies of DNA functionalized nanoparticle for biosensing applications - [P-99]

Tinstitute of Materials and Systems for Sustainability, Nagoya Universty  OChandan Kumar!
2Department of Materials Process Engineering Lidong Zhang? Saki Kozawa?, Taito Ikeuchi, Shoko Kojima? and Miho Tagawa'?
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RRBFRFAZREEZROTANEEADZAIE  OMMEL, BFOER, 2FE, TR
SEEBREAMBIEUTDBRIKIEISESF VBB BIDITE e [P-103]
RREZKRE O#Et¥2%67. Lin Yujing, FUJII BT
BEIARBEFREAYE RS IR
BERBRECMZBWVZZIRITE RBIETE T IUDMABER e [P-105]
KRR BT ZHRPT OfFARRTF
RRBEZRZEAE T 2R
RREZERPERMR TR KAGEE T AR, RIS
SRIFERFIRTLABTEREGRFZR hHEwT
RERFPEGRZPBERETZR AT Il
Direct Quantitative Measurement of Extracellular Vesicles in Blood Plasma by Laser Diffraction - [P-107]
RREFKZBRHEEARZDE OFlFE—. REZ L, AIbHE, BHEE, WARS AHAE IR
FEIE A, 4R AR
RRBFZKRZEHBDITIREZ D EF KINFEZA
RREIF R SRIREFDEF FRIPERER, sk HE ., % FH AR
SLM RZDIL T — I D=2 RO IEETE 5 5EMDARET -vvvvevrseemsrreesemssmssssssssssssssssssssssssssssssssssssssssasssssssesesssssesssssessons [P-109]
RREFKZ OWHHH, Sligt. mieHitE, s
Surface functionalization of titanium implants with controlled-release glutathione conjugate for - [P111]
antioxidant and osteogenesis
RRBFKRZEEAREHRR OXu Huichuan, ¥Flf i, R¥F W, FAkHISE
Tuning the Stability and Kinetics of DioXazaboroCanes [P-113]
RREZRBEFRE T2HRT OBarthelmes Kevin, #IEBE—HR, #I05
BREEHDBAICLDTIL I P RERBS DG BIEDELL vt [P-115]
RRRIR AR TSR OBk, JIITFI—

KEZNNIGAMNTPIZFEROMYINPRELRIIVIZPICRELZMEI Y INOBDTOTF — LT - [P-117]

RREUARZEHZHRET AR ILH1EH
RRHFERPEGE TEHFR BERR, B, ONITFIg—

Electrochemical surface treatment for balancing antibacterial activity and bone formation on titanium surface - [P-119]

RIS A S AR TR OB&IFH, NITFRH—
FUNKE AR TR J B

ATV OBDI\A RO I ZEBWVZEATFMBRBM = IRTTIEEEE - reveeemereerrressssissssssssssssssssssssss e [P-121]
SRR RS AR T2 O iR
FERTAFECEBASASRISWRE PR

FRUVEBHILY O ASEEBIESYDBIEBEETTM oo [P-123]
EREIS AR O, MARS, Lisst, HIkei

Direct delivery of target molecules into heurons by nanotube stamping . [P-125]
SROATESRTHHRE ORHIET- S HPe. MBS A RIEE. BIE%E

FRBAFAFRBREED AT LR ANIATEE, REMERF, =830

Maximum Likelihood Estimation for Real-Time Data Analysis During NV-Center NMR Measurements -...... [P-127]
\Waseda University, School of Fundamental Akirabha Chanuntranont. Tomoki Ota. Yuka Kobayashi, Daiki Saito. Yuto Miyake.
Science and Engineering Ken Sekiguchi. Arisa Oda. Shuntaro Usui and OTakashi Tanii
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LB
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BEEREEM 2 8

TILTF AT — UM R B S 1T R B IR ATERA R D ESHEBEAL, oo [P-129]
KIRASESBIL TR Oge#an, A, 1%
T LB AR, DT
PEIIPRAFEHZAVTERNS Y I RYDIEREMICAITZTSARTOCREMOBEFE - [P-131]
KOTAZE B ST TR O #—. Yk, #T, KHAIR
FERBEASE IO T+ PR WARE, T EA
AP B T CEREN T BB EITHEELIDBITE oo [P-133]
HERISEAS DOV 7+ PHRTARA Ok — K
MROJHILEBFIVEL—YDEBRICENFTEAE  FRTDRIRE s [P-135]
HERISEAS DOV 7+ PHRTARA OMENIZET. WA
REBRAFAL T FHRR I EN I
SREBAY T/ B IHRAE I
BESHZEZRWVZ/ A OV 0P RBEMDREIERTEIL s [P-137]
HERRISEAS DOV 7+ PHRTRS O, HAME, PHEFEI
SEFCEHIEREFes04BiFs B20sDHXBFYIME : TWFRIIIITNR it [P-139]
HERRISEAS DOV 7+ PR OFFI, 7V >3, Kbk
BEAPAFRRT SHRA IR, 4
RUN—ESICRNRISTIVMRICHIFIDRATY TN\ F Y IMGICERDA VBN SR 8L [P-141]
STREASIR TR OFFBHFE A, Fetihi
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Sk an N OmEpER, B34, KRHBE BAKKER
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SYBF : BREE - AR —BIELS BT
Fe-Ni BEERITRVIVLAEDERARNY MESERMICEYT SR

KRR FHAERFTERT OREERE, MMEMIE, @49, Paponpat Chaimano, Weihao Li
FAL KPS BRI ZEET IR, BAREER

Study of Efficient Resistance Spot Welding for dissimilar Fe-Ni steel and Magnesium Alloys
by ONinshu MA, Rinsei IKEDA, Tatsumi FUKUI, Paponpat Chimano, Weihao Li,
Hidemi KATO, Kota KURABAYASHI

1. BAEE/

CO2 HEHHEAHIET 7=, BEHEO R ZBET 2 HINOBRBRLERI R TH S, 7, FIROE
MR L2 TR 6720, 2O OOEREZMWNLT H 720, AR E R IR & iR EE o @ &
Mt~ 7220 LEFIHT 2 =— A0 @mE->TEY, BEOEAHM LT L TiuIzoen, —F5,
ME~ 732y T AORSNZENZEIE 1500°C, 650°C T, 3M5IFERRD 70, MR % FRICREARET 5
CENARAHETH D, £ T, TITlE, v/ XV T LDREERSH . Fe-Ni #ifk & Mg ¥ 0 BAMHEA 21T
5. BARBICIE., EEFERLKa A MECENDIERFIAR Y MAEE AWV T 21T 9, AR AL
ThE, BEAROEE(LEZE L T CO, DHIJE L SDGs ICHEATE 5,

2. HEMR

2. 1 #BFOSBRETAMREIZRIFITIEEEFHEOEE

HPLAR » MAERETIL, 60 Hz HARRJRIATEHE (%4 ~2 8L SLAJ 35-601) % A\, R fZ(100R, JCfE 16 mm)
® Cr-Cu EEMZ B H L7e. SEMINE ) & RN 2240 3.92 kN (400 kgf). 10.0 kKA Toh 5, HEEFRFH %
30 cycle (0.5 s)~180 cycle (3 s)DHIPHIZFRE L7z, WEM T #% OLRFFRFHIL 10 cycle (0.166s) Th o7z, T
ZROKMETRYE LI AR v MESEET (Figl) 126 LT, BIEEAMRERZ1TV, Fig2 (R HEL
A7 bR & BT 2 I U7, B FEIRERE 180 cycle (2 s) DIAHESMOBIIEW AR N i b K& WEZ R LT,

Top view Front view

gty
Walded one
]
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Fig.2 SIIEHAMITRE I KIETHA RO
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2. 2 ERARY MEEA DX LODH

Fe-Ni 54 & Mg A8 8 A D =X L& T 5 7-H, SEM 2 H\W CEERF 2s OBAREIZHE T 5k
Fe, Ni, Mg, Al, Zn OEEZRIE LT BEDS DA A=Y L X—k T — V% ZNLH Fig3 & Figd lZR-7,
B2, ST, Ni & ALIZEREI 10%BFEL TV D, ZOFEEN D Fe-Al X° Ni-Al £ 7213 Mg-Ni &0
EBRMEAWEN LT FeNi 64 & Mg &2 #5872 AlREENm W EHERIS N D,

100 :ITT____’% " J ":Ml\
0 \'\\ ‘ o
FegyNig; - z : K ‘\.‘

eifn |

_ MECRES S SERRORE ' * e f :
(at. %)
60.0 10.0 20.0 10.0

Fig.3 SEM (Z X % St Fe, Ni, Mg, Al, Zn O EEHIE Fig4 B26 REIZI 5 LRI O oA

2. 3 E&7O0tXOHIERH
VAP ORENHICKET ARG ORBELRET 20, B - BEY - IS5 & Rl 8 %558
L7~ VFEERNTE T L 2B % L, Fig5 (IZI3 A v ¥ 2 5B oW X 2 R~ d, i TP L7 Fe-Ni &
G &~ TR DO KRR A RS, BRI 2 s D&M TRE Lz~ 7 % 27 MAlO B RliER & E5R
BIRCTHERNIZER OB & HEIX, I<—FH L TRy, é&fﬁﬁﬂﬁc?)ﬁr“%*ﬁuftw_o L. TNThOH
BERMITR LT, BT 21TV, BEA R I RIT TR L ER&NICHEET 5,

JT—30H (58%Fe-42%Ni)
R 1.5 mm

L]
TRE (1008, BiE19 mmdl

Mg& & (AZ31)
% 1.0 mm

-T04 (58%Fe-42%Ni
L.5 mm

HMHEER (Tw=2000ms)

—— Fig 6 BCBARITIC & 5 FemiEnk
X0 Din=T.3mm

\ Sample 2 (Tw=2000ms)
Fig.5 BfEfEHTE7 /1 Fig7 ~7 uflBIC X 5~ 327 554 AZ31 OTRRER

3. F&&H

(1) Fe58Ni42 & AZ31 # RiEERH (0.5 s~3s) ITTEIAR > MEHE L, FessNip DFEEUZ LV AZ31 Al
Ty R ESND Z & AR LT,

(2) EMEMENTIZ LV AZ31 & FessNig OHEAFREICEHB VT AZ31 1TEEF CTHICIERMRIBICH D EHEE LTz,

(3) 1BFERFH 2 s DFMIC K DS R EEF ORI LV L AZ31 757y NI Al I L E A fERR L | Fe-Al
R Ni-Al £721E Ni-Mg FDO@BREM LAY (IMC) Z B L7 lRetEn & %,

(4) Fe58Ni42 & AZ31 DIEHLAR v MERBIZB W T, WY@ ERM C—EREDOMFENSE ST,

4. SEH

(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, Vol.51,
No.12 (1987), 1189—1193.
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RAAE - EARMIC K SEBSHMEM M EMESRITHEIL L
BRI EIFRE S R T LRIMORIK

RERRZFZERAITERT O A R
FALR e mA B e T SN

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. HEEM

RIMRREEL AT LDO—D>THAEMEIFREY AT LAOEROZHIZIE, BT RLF—BE TIZBWT
BV ZENZ G T 5, KL 7 = 4 N ATV T A5 E OB EMEIOBF L & b,
FEPED B rn 2 S REM B & O BMVERE - A BN OSSNV ER AR THD |, BUE, 77 ATERDIED
LTV AKMAERF ITER Tk, FiEEBRO—2L LT, Ao AXF—0OH|MY HL & b F U A8
W7 Ty hOREBRTY 2 —/L TBM (Test Blanket Module) 23i% & SN 5FHHTH Y, HANHETE
@ TBM (&, {KHEHHELT = 7 A Nl F2H ZAEEMELE T2 KA T 7 7y hTh D2 D7, F82H &
TBM ~DGHKREMEI CTH DA —ATF A FR AT L A (SUS316L) & DB BEA HMT DML S B
RARTHY, TNETT 7 A 3— « L—F—Z RO SIEOMNLIZ T CTHFE 2 D T & 72 13,
AFRETIL, WA ETRBE L R AWM DO~ LT oA Mea s+ 5 2 & 2 BC, FEmEEEGTE
T D EEEEEATE (FSW : Friction Stir Welding) @i Fl FTRENEZBR 325, A T, KHH~O K HIC
T, Bk OKE B REORHE & D 5,

2. HAREE

2. 1 BHEBHMTMEARER

FEAEFE . RIS Ni 254D Inconel 625 # v, 77 A 3 —« L—HF—%E\HE L TERI L7 F82H &
SUS316L & OZEEHE B ST OIS B %, CBB (Creviced Bent Beam Stress Corrosion Cracking) 7k
BRACE VML=, 728, PEE Inconel 625 DIEIN 0.1lmm THY, HA4kW D7 7 A RX— - L—H—
DAR Y MER02mm THDHZ LMD, WG B O~ LT oA Mua Il T 5725, L—3F — BT
I%. SUS316L {fll~0, 0.1, 0.2 mm O =FEREICEE) & CFAERI L 72, MR, Fig 1 lIRTA— 7 L—
TNCEBR R AR E L, MKk A VLT, IR 250 CC. EJ) 9 MPa, IE(FEESE & 100 ppb, {R{ERFH] 500 KEfH
RIERMCRBEZITV., BRI L FS2H L OXREICEENE U DRR L oo, AEEIX, RIERMZ
1000 BERFIZAELNE LTI 8 & R 2 5l L 72, CBB itk OB 2 YWk L OWFE L ¢, L—Y — S
THIZ UIRER, WEREE LR, L— —MS @R <, FBEIEERO OO BREREN LD T T v 7
HERIIBIE SN h o7, Fig 2 ([DEBERELF OILRBIERE R 2R3, MEEE & [FEk, WHESEM S FR2H &
DORMEIZEEDRD LNDERE oo Te N, BEEDORKE SITRERFHOEEBIIRD LN WFER TH o712,

; % 2 R

X Laser Shift o1 veal FeoH, |
0.0 mm _
N, _ ‘ d ™)
0, >4 T | LA i ]
D = i
@ Laser Shift weld Metal F82H
Chemical .
Control | pq Water t } t 0.1 mm
Tank Purifier : == |
L BN o
| t . R :_'_-'.E._'.'.
Dld Heat Laser Shift ‘weld Metal
= High Pre- 0.2 mm :
Pressure | = Heater
Pump
bnd | S DO : Dissolved Oxygen Meter

CON. : Electrical Conductlvity Meter Fig.2 Laser microscope observations of

Fig. 1 Schematic illustration of corrosion facility. F82H/SUS316L joints after CBB test.
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Joining Direction

Joining Direction

Fig. 3 Overviews of F§2H/SUS316L dissimilar joint joined by friction stir welding.
(Indentation Depth : 1.8 mm, Traveling Speed : 100 mm/min, Rotational Speed : 200 rpm).

B3 A U7 RN F82H 1% SUS316L <> Inconel 625 & bz L T Cri& 23072 < Ni b & 72\ 7280 SUS316L
RVEEERI L D GRESEIT L0 EEX bD, £72, CBB il OB REBIE O R, HUBRAT
(SIS0 02 78 7o 7 F82H & SUS316L & ORI, MBREZ IXBGENE L2 &b H 0 . PIRIC
Ieofed, R R OM 1L Ra= 0.1 pm B OHFPHIILE - THE Y | Wik TR b 72 BGEE Rif o bt
W22 LiIREETH ST,

2. 2 EMEAHRBRER

ZHET, SINRY—/LZ&HANT, mEFESM T FSW 2L D F82H & SUS316L DR 228 HEAMKFD
ERIBBR A D T X T, FORER. HADEITT D10 LN WA OIEN FRT 572 DHAREI N
W 720 (AR RIS — R BEAM 2 ER T 2 2 L BN EE 7o PR B/ ICHHA IR SHIEIC X 5 FSW
BEAOMOEREZRA T, WEREOSGE XLV LIEABVNTOHEAM OIERN AL EZ DNI/BENG LN
D, JEEEES S AT RE 2R A M OVERUCIZE S 20 o T2, AMERE X, MERESETHOWTE 2 SIN &Y
— /U2 0 (WC OB G e R — /L 2 FI T TIA LR S HIENC & 2 FSW #6# OEREBR 217 - 72,
F82H & SUS316L M DELE ., 72 6 NI Y — /L OFF AN E I IAFEHIESA: & [/ U< . F82H A Bl c /& L.
F82H A SR — VA A LTc, Y —VORMBERR D720, S22 i iliINE#E TH 228, ZET
O EBIEHSMEC I 5 Y — VREEHE 350 rpm., Y — /LB EIEE 150 mm/min (2% LT, [BIEEHE & B #hH
FE S AK# 9 200 rpm, 100 mm/min T, Fig. 3 (2R T & 512, FSW H#AM OMERIZ R Lz, ZRBEA AW
F82H & SUS316L ®=T1i£1% 250L x 50w x 1.5t (mm) T 0 | A OME L U HIEROFHIAAE S 1.8 mm 1TF%
ETHI LT, HAMOIERIZRII LT, FHIAREI BB ORIE LV RS oo Bl 2 iEOR|
P & A LR S OF I IR T 5, Fig. 3 OAMBIERmGEN L O K 512, #APMERIL. ABE
DARE L TRIPIRIEE D RLETH L0, HADEITT HIC L, BAF2REPRE L 220 M R X
NI Z e ah D, WHEEIZIE, MFRUZEEM O Z1T 9 & & HIT, SIN RV — /& AW HALZE S
HlE St COBAMIER L RAHF3HH TH 5,

3. ZEX

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

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

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

(4) M. Akashi and T. Kawamoto, The Effect of Molybdenum Addition on SCC Susceptibility of Stainless
Steels in Oxygenated High Temperature Water, Boshoku Gijutsu, 27, 165-171 (1978).
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A—=N—A VN—SEDOEZRBHESICLD
MEEGSIEE LT YA FERE

KBRS A B AR FEAT OWIF=Ar, WIHEESE, sk

FALKR @B B FERT /IMUTEIE
H AT T FEBH SE A Ty —, JIFERS, NIRRT T 7 XA

Phase stability control and martensitic transformation in super invar alloy via friction stir welding
by oTakayuki YAMASHITA, Riki TORAMOTO, Kohsaku USHIODA, Hidetoshi FUJII,
Motomichi KOYAMA, Wu GONG, Takuro KAWASAKI, and Stefanus HARJO

1. BAREW

Fe, Ni, Co 225 %% FCCHEED A — AT A My HFHESTH D A —/3—A U N—5801F, BIZEREN
F—ATFA NRAT LU AHD 1/100 FRE, kb RFEWRA L NR—FETHD 36 1 2 73—(Fe-36Wt%Ni &
&)D 110 FRE L IERITRVMEZ R T 2 &5, FCEIRU FTOKIEAR~OBEHAHIETX 5, Ll &
BEARENNE LR0T VI EUREIESIC BT AT oA Mo)EEEAELTLES 2 &nh, FOuA
FPHITR SN TV D, Rl TRERFS O EBLUZMIT, 4%, 1 VN —B8 %2 5 T mMERERRI O T Z DN
MNTEE I, ZOmH ATRERIFA OILRIZEERETH 5,

R FREE S (Friction stir welding: FSW)i%, BEEESCHN THEEC K 5 AL & RIS L 2 BHRENC L -
TEFRETHES 217 O il CTh 2, FSW ITEHES TR L CHEM TE ., ZOHmEEICITBIN Fi M
12 & o TR 72 R TR SN D Z ERFI DI TSR, FSW IZ L » TA— 8~ U R—54 %
BAETENX, BEEOEIZ R LSO, ffmbiiibic L > TAH—AT 71 NofRZEZ R L&
B, W ZRE L TW A EROMEL FRFICHR TE L Z ERHIFTE D, L LR b, A U
—BEITHT D FSWIL 36 4 U R—DHABESNTEY | A—r3—o U R—B4% L TomEAFIL
W, L7235 T, FSW I X o THEA SN A — 38— U =G5 E T O EC A — X7 F 1 b
DFZEMER X~ VT oA NEREEINIAAHTH S,

T ZTCARMFGETIR, A—/3—A U N—B4ITx L T2 OFMT FSW & Eii L7z, 55 7=BAH
[Zxt LT, KIREERG TIN5 S5 bE% J-PARC O T #40kHE T dEE TR 2 AV CTEIRQ9I8K) 25 20K
O R CHME 7 RIFTFEBR ATV, BHIFB L OFEFIZBIT 54— AT 714 NOMZEES~ VT
YA NERRIZ E B 72 D WSS DI OV TR L7,

2. HAERAER
2.1 FSW Hil& OB BB O L

Fig. 1a |25 78R J7 8GELIEI#T (Electron backscattered diffraction: EBSD) 15(Z & - TH 7= R OfEdb AL~
T aRT, M ORI 171 um THotz, O XK D R E AT D A — 3 — A V=5t
LT, BT okEIEEEN IR E 2GR & 22554 C FSW 2 %EhE L7z, @RStk iXnliseE e
600 rpm. ## G HE 150
mm/min T, {KIRSELEIXE
HRIHE 300 rpm, BEOEHE
450 mm/min T % 3L E 1L
FSW % ifi L7z, LAKE, i
2O EHE FSW600-150
B L UVFSW300-450 & Frd

3

', i 2 o
i i B I
e " :__;3“_" L -

'

%, Fig. 1b BL W 1¢ I =g el £ ;
FSW600-150 & FSW300- | Ave. sizer 17.1 pm Ave. size: 2.6 um
450 DEEGER L BT NDIT?ﬁ‘

%%jﬁ'ﬁ[?*y7‘7%ﬁﬂi\“ﬁ—o D 001 101

FSW600-150 & Fsw300-  Fig. 1 EBSD inverse pole figure (IPF) maps of (a) base metal, (b) FSW600-150,
450 OFEkiz - 2n  and (¢) FSW300-450. The IPF maps of (b) and (c) is overlaid their image quality

188 um & 2.6 pm T Q) maps.
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77. HEZRUEIE C FSW 21T 72356, A EIZIERZENZENLL LRI L 72 503, i KIE T FSW
it Z & T, FLLIWML LS NG LN, = + = '

12000 B § E
22 FSWHAMICEIT 24— 754 FOMRER kY ) =T
Fig. 2 (CRHR 35 L U8 FSW300-450 D& EIF oo rfipk g 007 | 5 | i e
SSE = DA AT, B TIE 201 K ICBWC BCT#iE E o0l|| 5| 3 e
R LS e = BB, REOKFIcE b, g ) || 8 |
B 7 B A L7, FSW300-450 T 190 K (2BwT - 20 ° e e . —=
BCT #i&EH RO B — 27 S HEBL L | B4 & [RERICIREE DR T 'Z 12000+ r -1 = EI
L BARV, B REIHALE, HEL, TOr—s iy - —SiK
BREEIZRERS & Bl Y 2 & IR, 30001 N Tk
oz 7 — 2k L C Rietveld fift Y 7 h o = i 3 e
7 [ZRietveld] ZHAV2~v AT E—2 7 4 v T 4 v 7 %47 L s ) 8 Y W 3
W RSB 5 A=A TS A FOMgRERIN L, ?nn 012 004 016 018 020 0_'2?
Fig. 3IZHLEICKFT 54— AT A MESEROELE T, d-spacing (nm)

R D Ms 151349 206 K Td> 5 DIk L, FSW600-150 TiX  Fig. 2 Changes in peak profiles during cooling:
#7208 K. FSW300-450 T34 195 K TH Y . Ms UKL (a) base metal and (b) FSW300-450.
THERIRRDZERDOEEITIZE A E -T2, BB IO .

FSW600-150 Tld, Ms SLLT OREIZIH N T, BRI | e ssaodiseea™ |
DIEFICE bARVA— AT T MRIEHD L, 20K Tlafy | +aama T fe gt
EHDF—ATFFA AT A F~EERELE, £ S ol 8 Find
Azt LT, FSW300-450 TlI~ /L7 A MZEREH KiiE L.g ¥

(I S TR Y 20K IS DATERIT 0%FRETH > 2 st “--- ’qf’ End T
7o FSWIC X BFEGKMANKIC L o T, w47 291 b § R e i
AT 2 Z EIXTE b o2, B &L ﬁ 40T
TRIBICA—AT A FOMEEMEI ESEONEL & | =

BN E o, A 207 & ®FSWE00-150 Hollow: cooling

HR e ET R %2 OFUEHI S L TR U M2~ 5 EBSD lE A AFSW300-450 | Filled: heating

& Jili Lie, Fig. 4 B DN~ v 7 RRT, B TIIE v e e
EETOA—ATF A MRITLY XK~ VT YA R Temperature (K)

S A7z FSW600-150 T, fF4 & [AIERIZ L XK~V Fig, 3 Changes in phase fraction of austenite
YA MBEL ORLTIRR SR, — i OA—AT T4 during cooling.

MRLTIZERR L TV Rino 7o, =T A MERED KR

(24 S A7z FSW300-450 Tik, RPTAIC AT ¥ A MERRZAE L TV OB Sz, 2ok o7k
FEIIT FSW MRS (b) ESW600-150 (&) FSW300-450
o T TIHEL TV, T . i o
FSW T3 IEPEE) 0 J5 18]
(2R > TRATHIZ | A
HLHEMBBIER S ND Z
ERFBNTNDEL, &5
e DE G L
TWfE T~ LT
A NEREMNAE U "Rk

a) Base metal

ND [ Austenite (FCC)

MEZ HNDD., SH%EM RD @ Martensite (BCC)
RN LB TH D, Fig. 4 EBSD phase maps overlaid onto their IQ maps after neutron diffraction

i measurement: (a) base metal, (b) FSW600-150, and (c) FSW300-450.
3. BEXM

[1] S.K.Kim, Y. D. Lee, K. Hansson, H. Fredriksson, Influence of Cooling Rate on the Hot Cracking Formation of
Nickel Rich Alloys, IS1J int., 42(2002), 512-519.

[2] R.S.Mishra and Z. Y. Ma, Friction stir welding and processing, Mater. Sci. Eng. R Rep., 50(2005), 1-78.

[3] R. W.Fonda, A. Reynolds, C. R. Feng, K. Knipling, and D. Rowenhorst, Material Flow in Friction Stir Welds,
Metall. Mater. Trans. A, 44(2013), 337-344.
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Ni AvFCuEdEarvEy bFyTOEMALL

N UNES aE ST OffEFntd, Hong, SeongMin,
(R Z A~ Btk - BGFER  SUHET. IEEZF, BFHEER.
FAERZFZRBEM BT (R, BRRTE T R

Improving Ni-plating on a Cu alloy contact tip to attain a long service life
by OKazuhiro ITO, Yuko Takei, SeongMin Hong, Natsume Matsuda, Hiroki Noda and Satoshi SEMBOSHI

1. BAREHN

Bl ARA Ry ZiEEEE LTI A YO IERE L WS T FIERBE I WD, LrL, 20
FIETIE, BHEVA Y EERTDERE ) ANVERO Cufdar 27 b F v THRBOMEFRNE L, Z0F v
TOEMAEBHILREE LTAELTWD, ar X7 vy 7 lid, ERUVA YEERTHEEDIT, B8
B a2 MG T 2 72 DICEE OB Cu IBIEN TN D, TA YIiERIC L 0BRSS, ZIUCHE D ¥ = — 388
TOWMNBELTZV T 5, TOH, TRIFMILTHHCESL ST THEIBREZE LTWD, @Elis
BEEINT 5 & MIBREZEMTE S B2 0N, @SR E Cu & ORLEZENKE RN X 5 8k
RN S D, BEEZBIEIC L THRIEEICCRASGBIRINEZ NS5 & a2 M5,
ZTIT, RRRE LTCEMBEZRNIB A v X2 Cufdar 27 by 7 Richid 2 & T, Fv 7oAk
ZHELTWD, ZONi A v FEEZELT X N TEHIMALTE 20 BHIERETH 5,

2. IEHRE

2.1 NiAYFICKDCUBELIVEY FFyTDEMALLEN Ay FXERBEIZLIEZENDE

HlD Cu e 27 b F o 7N AvFxafill-bDl L THWARVWEDOAZFHA LT, 1.2 mm &D
WEL MIG430 A7 > L A8V U v RUA ¥ T, 200 A, 100 cm/min, AiEfG 15°, FlaEEBcrrrsu” g
— RYEHE(QERE & RO 0 IR L) 2T o 72, FFEOFEBERMEIC Cu @ a ¥ 7 by THROU A Pikks
HORBROEAZFHI L, TORBPOHMLIEESET v 7OBEREE Lz, TOMRE%E Fig. 1 177,
Ni A v FOFMEDENZ T, KO KEFEREZ /R U EERER CTIE 0.075 mm(K) 25%)DEWRE Tz, &
D Ni A v FHEEITFEL OEENH D, BT, 2 SOEEZAT 5 Ni A v FICTRBEDEREZIT - 721
DI DB TORERER DA BT % & Fig. 2 OfiE21577, HiE@EbONIAvXFE2ETLHF v
Tk, #WEGZAT DO I BRI 20% Li-, 3872 Ni A v FHEEZ RS20, #iE®)
DONi A v FEHRNEET v 7 L OFRINI A v FEOERPREEDG) DKy L > T D, ZOHFRE NI A v
X DELRLTMIT R ORIELR ENBET A Y ERICL DT v 7RO BRICEEREE 2 R L D &
Ezbhb,

2. 2 NiAYXIZTKBO0UEELOVE I M TFYTERIBETOEEDHETFEA YT EREICLZIZER
FIT, FoTHRBOEDMITTNI A vFHEE Cuddar X7 bF o7 OEDESNED X D ITEREI

o= @ Conventional contact ip —_
ok 0 B i plated contacttip SE
g= zE O
473 ]
22 } i3
E% * & S8 I
- = -
28 0 ® = 38 o %
o > £
o -] = 2
S | ke
gE L ///
o® 0.5 =% 0. é
— — Ni plated contact Ni plated contact
Welding time tip wi structure (a) tip w/ structure (b)
Fig.1 Comparison of contact tip wear between Ni Fig.2 Comparison of Ni plated Cu alloy contact tip
plated and conventional Cu alloy contact tips. wear between structure (a) and (b).
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THE L TV 50 %2 e M EE T8l
BT, TOMREE Fig. 3187, &
JeuEn Y 12 mm FEEE T, SEED
BIEIZ, Cu B&FMATEHL WD
FPH, Ni A v FBFRAT & FBHER M2
RIELTWAHHEIPH, Z L TNi A v ¥ ¢ - — .
[ HMELE R B R 4 AL TN T, 4 o FEMhHfERICEL Ay FRFEME(ER)DRE AvFHEELTHH
PREPHTIEL NI A v X @A Cu Ao |

VR NTFy TR R N
A N&ERL, Ni Ay FEHRTHEM
TRICEIVERARDZ T N TR FNER
LB TWDSDORBETE
Do F o T HUEGTOER - HXITLD
BT A& NI A v L OEEE
ICE Y Ni A v FPEOHA NS S5 Fig.3 Ni-plating wear on the Ni plated Cu contact tip around the top of a
2% 55T ZOBTIERAEDH contact tip.

L, PREIERFEL WXL Th D,

ZZ T, Fig. 21T LEHHEES LRI RREDORR D 2 DOMEIZOWT, Ni Ay FEORIFEORE
TEFEMICBIZE L, Table 1 ICF &7, BREIC K DRIBED X — 0%, A v X@ikf., &IE L FiEo
S CHBEORBEHEE, = L CHEE LTy 7 RE CHBEO P MEREED 3 FEEICKE S T ENTE
Too B LT WSHERF O E DR T h ., Miif(a) CIIRERIBEN . H&0b) TP MEHBEN FICR oh, B8
T A% & DEFEICL D Ni Ay FIEOEFEN Ni A v FEREIZ L > TET LI EBHLMNE o7, HIH
L Cuhear g7 FNFy 7L DEEER, PRBORIE. ININJCHERIREIC X 2MER EEHERICT, 2
DEIBRERNELTLEBZ DIV, @IAIC 25 e NI A v XEEENFET 52 L 2H oMM LT,

Table 1 Cross-sectional SEM images and wear pattern of the Ni plated Cu contact tip with structure (a) and (b) around
the top of a contact tip at each welding time.

E RS HRESEM{SR BN —> E R HFESEMAS FEFEINT—>

=T e 53" Im I o

¥

1[min] AVER  mpy TN 1[min] . AV g TR
3.7[%] 59.4[%] 36.9[%] 22.8[%] 32.3[%] 44.9[%]

2[min] L] PR
E T e = B i

== 10 : 753[%]  12.9[%] ~ lopm EELE 20.0[%]  49.1[%]

- m

P>=""" I o = | I BN o

3[min] - e 3[mMin] — y R
E b s e IR 0Bt

14.6[%) 76.2[%]  9.2[%] SR 209[%]  30.0[%] 40.1[%]

2. 3 fIf%

S, FxOEEEHRT DN A v FRAER LT, TOMEE BEEE OBMREZA SN L, &AL F]
RELRDNL Ay R CuBEea LI N Fy 7R T 5,
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Study on the Evaluation Method of Tensile Properties of Fe-Mg Joints Based on the
Reconstructed Three-dimensional Microstructures

KBRS #wafetsesr O LB, =Lk kA
ALK TArgest PEEIND: N
WALRE: &RAPEFTERT  mR, gk %

by OHongchang Zhou, Yoshiki Mikami, Kota Kurabayashi, Takeshi Wada and Hidemi Kato

1. Background and objective

With growing environmental concerns, the automotive industry Fe100.Niy
is seeking ways to reduce CO:2 emissions and vehicle weight. The v
development of multi-material structures, which combine steel with :
lighter materials like magnesium, is a crucial strategy. Recently,
Kurabayashi et al.("! proposed a mechanical bonding method for
immiscible Fe/Mg interfaces via the solid metal dealloying (SMD)
reaction. This process creates bicontinuous microstructures at the
bonding interface (see Fig. 1).

The morphology of these microstructures, including the volume
fraction and distribution of respective phases, is hypothesized to be Fe—Mg bicontinuous composite
a key determinant of the mechanical properties of the bonded  Fig. 1. Modelling method of Fe-Mg joint.
interface. However, the precise relationship between the
microstructures and mechanical properties remains unclear. This research seeks to bridge this knowledge gap
by proposing an evaluation method to elucidate the relationship between the microstructures and strength of
Fe-Mg joints. The ultimate goal is to provide insights and guidelines for optimizing microstructural features to
achieve high bonding strength.

2. Research results
2.1 Generation 3D Fe-Mg phases using Slice-GAN technique

In this study, we proposed a strategy to generate three-dimensional (3D) Fe-Mg phases from a simple 2D
scanning electron microscope (SEM) image using the generative adversarial networks (Slice-GAN) technique
@). The SliceGAN consists of 3D generator, slicer, and 2D discriminator. The generation procedure is shown in
Fig. 2. Firstly, the SEM image was obtained at SMD reaction layers. Then, the obtained SEM image was
binarized and trained to reconstruct the 3D Fe-Mg phases using Slice-GAN algorithm. The volume fraction of
each phase in SliceGAN-3D model (i.e., Mg and Fe) is in good agreement with that in experimental result. For
instance, the area fraction of Mg in the original SEM image is 31.3%, while the volume fraction of Mg (Viwg) in
the SliceGAN-3D model is 30.7%, resulting in a minimal error of only 1.9%.

Afinite element (FE) model was created in ABAQUS software based on the reconstructed 3D Fe-Mg phases,
(see Fig. 3). Since the elements of Mg and Fe are metallurgically immiscible, a small gap with the length of

Binarise and
resize the
image

: Training

Size: 225x225 pixels 3D volume
Fig. 2. Generated 3D volume of Fe-Mg joint using SliceGAN technique.
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0.04 um was set between the Fe-Mg
interface. Although the strength of
Fe/Mg will change after the material
has a thermal history, the material
properties of each phase are
defined by assuming they are same
as the pure metal for the purpose of
simplification. Finally, the static
analyses were performed to
evaluate the tensile properties of
Fe-Mg joints in Section 2.2

2.2 Simulated results

Imm|SC|bIe
Mg and Fe

Gap

R
paril

Research result

Fig. 3. FE model of bicontinuous Fe-Mg phases.

The influence of the FE model size is first investigated using three different models, and the results indicated
that it has no influence on the tensile strength of Fe-Mg joints (see Fig. 4).

(@ > Model 1
96 x 96 x 96 pixels

» Model 2

» Model 3
64 x 64 x 64 pixels 32 x 32 x 32 pixels

G BT

S, Mises
(Avg: 75%)
+2.577e+02

+1.333e+02
+1.167e+02
+1.000e+02
+8.333e+01
+6.667e+01
+5.000e+01

+0.000e+00

(b)

250

1

1

True stress [MPa]

200

50

00

50

0

——Fe
—¥—Mg
—i—Model 1 (32 pixels)
—6—Model 2 (64 pixels)
—?— Model .3 (96 pixells)

0

0.025 0.05 0.075

True strain [-]

0.1

Fig. 4. Influence of the FE model size. (a) Comparison of stress distributions, and (b) stress-strain curves.

Using the proposed method, the tensile properties of Fe-Mg joints with two different Vivg (i.e., 31% and 43%)
were evaluated, as shown in Fig. 5.The failure of Fe-Mg joints occurs in the Mg part and the tensile strengths
are 100MPa and 130MPa corresponding to the Mg volume fractions of 31% and 43%. It can be found that
more severe stress concentrations exit around the pure Mg side in a lower Mg fraction model, which results in
a weak joint strength. To conclude, this study proposed an evaluation method of tensile properties for Fe-Mg
joint based on the reconstructed microstructures. The proposed method may serve as an effective tool for
microstructural design to achieve strong joints.

=31%

= 43%

S, Mises

(Avg: 75%)
+2.577e+02
+2.000e+02
+1.833e+02
+1.667e+02
+1.500e+02
+1.333e+02
+1.167e+02
+1.000e+02
+8.333e+01
+6.667e+01
+5.000e+01
+3.333e+01
+1.667e+01
+0.000e+00

(b)

Equivalent stress [MPa]

250
200
150
100

50 ¥

Fe-Mg

(Vm

Fe-Mg

= 31%) (Vag= 43%)

Wy 130MPa

0.025 0.05 0.075
Applied strain [-]

0.1

Fig. 5. Influence of Viwg. (a) Comparison of stress distributions, and (b) stress-strain curves.

3. References
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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 and Manabu TANAKA
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Figure 1 Experimental setup.
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Figure 3 Typical images of spatter formation in CO, arc welding under different MFDs.
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of (b) 2 mT and (c¢) 4 mT in gas phase immediately before  field on cross section for MFD of 2mT.
detachment.

P-12



>< WA
ﬁﬁ‘%‘ﬁ%?&%% — ﬂeseorglhxresult report -

Research result

SYBF : BREE - LR —BRLSY BT
TIXEERIZEBHERTTO COETRIGIRER M DRIE

KIICEBEARIERIEA O 8 -, b ikth, #H 5
K BIEEANL - v A7 MRS AN A

Development of CO, Reduction Technology with Plasma Catalysis at Low Temperature
by Yuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO and Masakuni OZAWA
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Green particle synthesis and characterization using the phase interface with water as a reaction field

by OTakahiro KOZAWA, Yuina YAGI, Hiroto IFUKU, Rito FUIIWARA, Takayuki MOKUDAL,
Hiroya ABE and Minoru OSADA
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Fig. 2 TEM and SEM images of AZP particles after milling for (a) 0.5 h, (b) 4 h, and (c) 12 h.
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(1) T. Kozawa, T. Hashiba, K. Fukuyama, H. Abe, S. Morita, M. Osada, M. Naito, Adv. Mater. Interfaces, 2024, 2400729.
(2) T. Kozawa, K. Fukuyama, A. Kondo, M. Naito, ACS Omega, 2019, 4, 5690.
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Evaluation of top-down stereolithography of Yttria Stabilized Zirconia for dental applications
Fiona Spirrett!, Kumiko Yoshihara?, and Soshu Kirihara®
1 Joining and Welding Research Institute, Osaka University, Ibaraki, Osaka, 567-0047, Japan
2 National Institute of Advanced Industrial Science and Technology, Kagawa, 761-0395, Japan

Introduction

Additive manufacturing (AM), commonly known as 3D printing, offers advantages in fabricating complex
structures layer-by-layer, enabling customization without the limitations of traditional subtractive manufacturing
[1]. AM has been successfully applied to various materials, including ceramics, for dental applications. Ceramic
prostheses, such as crowns and implants, offer good aesthetics, mechanical strength, and biocompatibility.
However, traditional CAD/CAM-based milling of zirconia generates waste and lacks design flexibility [2]. AM
provides a promising alternative but faces challenges such as lower mechanical strength compared to
subtractive zirconia.

Zirconia is widely used in dentistry for its strength and aesthetics. High-translucency zirconia requires
optimized alumina and yttria content to balance mechanical properties and optical characteristics [3]. While
reducing alumina improves translucency, it can reduce strength. Various AM techniques such as binder jetting,
powder bed fusion, and stereolithography (SLA) have been explored, with SLA and digital light processing
(DLP) being the most common for ceramics. The chosen between bottom-up and top-down SLA affects printing
efficiency and quality, with top-down systems offering advantages in speed and reduced print failures.

Materials and Methods

In this study, investigations using a commercial top-down SLA-based system for fabricating dental zirconia
prostheses was carried out. A UV-curable paste was prepared by combining 0.05 wt. % alumina and 3 mol%
yttria-stabilized zirconia (HSY-3F-J-LA, Daiichi Kigenso Kagaku Kogyo Co., Ltd, Japan) with a photosensitive
acrylic resin (KC1287, JSR, Japan) at 46 vol% solid content. Particle size distribution was analysed using laser
diffraction, and thermogravimetric—differential thermal analysis (TG-DTA) determined resin decomposition
behaviour.

Zirconia samples were additively manufactured using an SLA system (SZ-2500, SK-Fine, Kyoto, Japan) with
a 355 nm UV laser (Fig 1). Laser parameters of 50 ym spot size, 150 mW laser power, and 2000 mm/s scan
speed were used to process disc samples. Layers of 2D cross sectional data were scanned by the laser to
consolidate the material by curing and repeated to form the 3D green body. The green body samples were de-
bound and sintered at 1450 °C. For comparison, semi-sintered subtractive zirconia samples (ZircoArt, Denken
HighDental) were sintered under the same conditions.

Ceramic Particles in
. Photosensitive Resin b
(a) Cured Material ( )
¢ he
0o

UV Laser e ‘u’.

Spreading Blade .
Fig. 1. (a) Schematic of the stereolithography process and (b) photograph of a stereolithography system.

Material characterization included X-ray fluorescence spectroscopy (XRF), X-ray diffraction (XRD) for, and
field emission scanning electron microscopy (FE-SEM). Mechanical properties were assessed through biaxial
flexural strength testing using piston-on-3-ball (P3B) methods per ISO 6872 standards.

Results

TG-DTA analysis indicated major resin decomposition occurred between 230 °C and 500 °C. The zirconia
particles in the paste had an average size of 500 nm. XRF analysis showed that the additively manufactured
zirconia had lower alumina content (0.052 wt%) compared to subtractive zirconia (0.125 wt%). XRD confirmed
the presence of a predominant tetragonal zirconia phase in both manufacturing methods.
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FE-SEM revealed that the green body of additively manufactured zirconia exhibited a uniform microstructure.
After sintering, both additive and subtractive zirconia showed a dense structure with minimal porosity, though
the additive samples had slightly more porosity (Fig 2). The average grain size of sintered zirconia was 1-2
pm. Biaxial flexural strength testing indicated that while subtractive zirconia exhibited higher strength,
additively manufactured zirconia achieved strengths above 1000 MPa, sufficient for dental applications (Fig 3).

Additively Manufactured Zirconia
o e A ;
SRz e

Subtractive Zirconia
'ﬁz“g&:l— - X . oy -
LA t e N &7

o

o

P8
LA

Fig. 2. Cross-sectional SEM images of additively manufactured zirconia: (a) green body and (b) sintered,
and subtractive zirconia: (c) semi-sintered and (d) sintered.
MPa Biaxial Bending Strength
1000
900
800
700
600
500
400
300
200
100
o
Additive Manufacturing Subtractive

Fig. 3. Biaxial bending strength of additively manufactured zirconia compared to subtractive zirconia.

Discussion

Subtractive zirconia undergoes high-pressure processing before sintering, enhancing density and strength. In
contrast, additive zirconia is built layer-by-layer without compression, leading to increased porosity. However,
the top-down SLA system used in this study mitigated common issues seen in bottom-up systems, such as
interlayer delamination and weak bonding. SEM analysis confirmed that the additively manufactured zirconia
had minimal layer separation, indicating improved joining.

Bottom-up stereolithography systems generally suffer from peeling stresses and weak interlayer bonding, while
top-down systems, as demonstrated in this study, can reduce these issues. Spreading the paste by blade
improved uniformity and minimized defects, enabling higher density zirconia parts.

Although the mechanical strength of additively manufactured zirconia remains slightly lower than its subtractive
counterpart, improvements in resin composition and increased zirconia content in the paste can further
enhance density and strength. Future optimizations in paste formulation and sintering process could bridge
the performance gap, making AM a viable alternative for high-quality dental zirconia prostheses.

Conclusion

This study demonstrates that top-down SLA-based AM can produce zirconia prostheses with mechanical
properties comparable to subtractive zirconia. Optimized paste composition and laser processing parameters
contributed to improved density and microstructure. While further enhancements are needed to match the
highest strengths achieved by subtractive methods, AM shows great potential for high-precision, reduced
waste fabrication of customized dental restorations.
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Fundamental and practical research on high-performance multiphase copper alloys:
Microstructural analysis of micro-alloyed age-precipitated Cu-Ti alloys
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ROSNTWD., iz, ELMEDONT o ANMENT-FEET HASEAS SN SN TWnW5., Fof
T Cu-Ti &41F, ENREREZRFD, IGEMRRECHT I T, EHFEICEHF TTND 720, I
a7 B 8% OEEBEIMICFIH SN TWS. 5%, EFEROEMEREL, S IET 5 Hh
T, Cu-Ti A0 EZT LSED ZENRARTHY, ZODOHFEFRNEANED SN TND.

Cu-Ti &1L 3.0~3.5 wt.% D Ti 5 A L, IR b & Righo TR 2 8 Tl S 5. RER ORI B <,
Cu FEFHPNIC O 72 Y22 E R B2-CuaTi 2NEGEHT HH 95 1. BRI SES T2 &, RIRSUGIC £ 0 2 ER B-CusTi
& Cu FHRHORIZRETE U727 A TSR EGAT H L, BfRrciisBl ek a2 58925 9. Cu-Ti 540 E
FePEZn LS 272010, DI OERIES SR, oM, A4 X, iR EE2@ETICHET 5 2 L0 E
BWLDh., ZOROOFELE LT, EEnROWERN (A 7727 REEHAEND. HZIZ,
Cu-32 wt.% Ti 5412 Al 1.1 wt.% & Fe 0.1 wt.% % iRINT % &, B-CusTi X° B-CusTi & 13572 4T KL T3 Cu
REFPRIN ORI U AR L, T ORER, P T, EHmENm L3425 2 EAMEINTND 9.

Bt ROMETIMZ LY Cu-Ti B&OFEE I XS 57-0121F, IRNTEN MRS 25
WEREWICIERET 2 ENEETHS. LrL, BINENDVETH I NN, IRINTEROSALAER SN
RENDAL BRI F DOREE MR ZFET 5 2 L I3EE LV, Z ORMBEZ T 5480 & LTL 77U B EREEN
LD, VU BEITEET O BN EEWRL & D — R VIBIZEES. L, T A B E S (TEM)
TEIET A HIETH L. DE TN R0k LT S EEAIC HI BRAAEF AR BT e— 2L ¥ — 1L
X BR53HT (EDS) IZ X0 RFTT A CTE 5720, ERECEEEOEWT =48BG TE 5. Z 2T,
Cu-Ti 54T Al, Fe ZERMUIZREHIKI LT, V77U Bikz O CHESIRIT 21T - - F 0 2 53 5.

2. HERE Ha) L
2. 1 Cu-Ti B£DEMEAENT ;} Nz
Fig. 1|2 Cu-Ti && M2k O BR B EATE \ 5
THMEE (FE-SEM) BB LTV 7Y Bk D : P” 58

TEM B854 %2 7~9". FE-SEM 14 (Fig. 1(a)) T
%, ZNETOHRED L DI, Cu RHHPIZIE
R & 50 nm FEEEDOEHR B -CusTi 2VEEHTH L T
BY, KA CEXRIE £ 10 pm) (Z1% B-CusTi
L CufAfilg L7 A FffEn A bz, L7
U ikl (Fig. 1(b)) TlE, Fig. 1(a) & [AEEITHKE
FATH » THR L7z B-CuTi BB ST,

TEM-EDS X ¥ B-CwTi DOHiE Cu-(21.0£1.2)
at% Ti &MEFT SHL7=. 2, fHoBREIC X
HBEM (Cu-20.6 at% Ti) & k< —%T 2 0.

T2, VU BETIE, Cu BEFRRIA O EIR
B-CusTi & TEHETTE R L. Fig.1 FE-SEM image (a) and TEM image of the replica specimen (b)

for the aged Cu-Ti binary alloys. Magnified images are shown at the
bottom.
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2. 2 Cu-Ti-Al-Fe &2 DMMAN

Fig. 2(a,b)(Z Cu-Ti-Al-Fe &44:Fi%h44 ® FE-SEM
BRIOA A IV v 73WEo TEM B E %
T R BIZRE X 0.5~1 um F2E O )

(LI, #rim@) 23R+ %. ZhiE, Cu-Ti
BERNMMTOT A TG ERMEN RS, £
7z, Cu RHAHHIZIE 50~100 nm D4R (AR
() & K& E 10 nm~20 nm OB Y (Br
HR) BowT 5. AMm@ITE A CLE
CERLIZbOTHY, Hritm®, @R
FoTHERENTZLDOTHS. FritmBIT Cu
FHE & BEAMER W2, Cu FHHZ &8
BRI AT A A BETH Y, Z DFER B-CugTi

(IEFd) LHEETE.

Fig. 22”3 L7 U Z50k TEM £ ClE, Fig.
2(ab) & AL, KR E (L) oTHHIDE X
URIND AR @D NG STz, Hrim@
B X OERR) D TEM-EDS (T & % $A il
% Table 1 (279, L7 U Bkt Clatri Ok
FOERM@IZEFIC Cu FHFEAZR WD,
TEM-EDS TiZ(D), QIZ&H SN D Cu ik biE
FEMEE LS o c& 5. 2z <, i@
B L OERB@ 0 OFl IR BRI K b
IR 55 (T T & 5 (Fig. 2(d,e)) . AHBHT Fig.2 FE-SEM image (a), and TEM images of the ion-polished
L HIRAR P E TR C & DAETERRT N D, specimen (b) and replica specimen (c) for the aged Cu-Ti-Al-Fe
PO Al (- 0601 nm) £ 140, o et s cson e s
ETE5. £77, AT CusTi, (IEJ ¥, a=  line in (c) traces the grain boundaries.
0.314nm, c=1.401 nm) T& Y, Cu-site D—HEHN

Fe [ZEHL L7-MHTH D Table 1 Compositions of the precipitates (D and inclusions @ in the
aged Cu-Ti-Al-Fe alloy measured by TEM-EDS analysis, which were
obtained from more than 10 measurements.

3.FLEH

VU A {fﬁC’C Al, Fe %?ﬁﬁt%{fﬁﬂﬂ L7z Cu-Ti at.%s Al ¥ Fe Cu phase

BROMBMINTEAT o7, V7D Bik%E CuTi jrumD [161+07[250+51.6]034+0.1]57.7+ 16| CusTial
ABRICEMT 52 8T, Co BMAIRESIV o T T e 11 [ 1144 06| 456+ 12| (CaFenTh
THT oA D 73 % 1 — 7R IR B IR —
TE DD, Zh b OMAOHIE % LA

S ORRE AT T & 72, Cu-Ti-Al-Fe 54

ORI TIE, EIREEICIERE & 50~100 nm @ CusTi, (IEFdh) (Cu-site D—{% Fe 23EHL) 234E
Bl U7e. RERhi2I21E, Cu-Ti A4 & RIBRICHS S RI N IS AoH 72 MEZ2 EAE B-CusTi (IE ) 23T~ & 1A
RFL, RSt B CITZEM B-CusTi 2510 7 A THHRCTIE/e <, K& X 0.5~1 pum @ Cu,TiAl (25 8h) 73
Britd 22 &Rani-.

4. SEXH
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Phase state and magnetic properties of Heusler alloys containing 4d or 5d system transition elements
by Hisanori ENDO'!?, Masato MIYAKAWA'!, and ORie UMETSU!*

! Institute for Materials Research, Tohoku University

2 Graduate School of Engineering, Tohoku University
3 Center for Science and Innovation in Spintronics, Tohoku University

1. AREH

XYZ (X: BREIGUHA TEOCHE, Z2 YR - IR, IS RITHE) O T TRINHIFA AT —F
BIIIEF L OWEOFENRE S, ZHEEERYMEERTZERHMON TS, X & Y% 3dBE LR
WIRE L7 AETH, BIRGLEA A, BHERIRGIESG e, BELBME, ~—T7 XA X VBB REZET D
REMEIR, CRRx e AT 52 LD, ERAMEBIE LTOERESR TV,

BETIE, X TEOLEEARRD CHETEEWMA T XXYZ D 4 TREA XA T —BEIZHOWTEH— R E
DFERND, N—T AZNVRAE Xy v STV AMEBEFIREEAT H 2 E0RHE SN TWA[1-3], 3 TR
54 TERITHEET A Z LT ST LIBARA 2T —E54 OFENIE T A0 EEIZIZTHE Y O
W MEL AT 2 LITRORVGEELH Y, ERICKDMENSULEINTWD, K, {LFRIZRMH A
YEREE > 72 e R0 DR SN DWE T, R PRSI OENN LG ITHEA ST <, B HRE Y EE Ry
PaER ) ZEDNBESND, Lidi-o T, HAESIOHEEIL, 25 - SO T OBLSIZB W CIERICE
EThD,

AW TIZ. X E YR Col Mn, ZLT X% Pdt LL<IX Ir & L7 CoX’MnZ (X' =Pd, I, Z= Al, Ga, Si, Ge)
BEIZOWTYWHEEKRE RS, N—T A ZNVAEIRIEZ AT D HHHREIEME OWRR 21T 72,

2. ERAZE

CoX'MnZ (X’ = Pd, I, Z= Al, Ga, Si, Ge)&r &, FoktE7a55t % 1. DTASCDSCIZEDIRGE LTAT & O Rl
Fx HIOMBICR DI REL, 7 — 7RI CASIb LTz, 78 AR EEVLERTR FE(K).
B Mn THIZRZERBE N END, T 3 wt%REATIALE

LLT, TR ZENOREHIEB W T, RES T (Differential ok S (K) | BVLUEIRE (K)
Thermal Analysis : DTA)RC/= 7 A& A 24 & (Differential Scanning |  CrlrMnAl 1565 1523
Calorimetry : DSO)JIE AT > CRl R AR L . A FUEtOBVLHIE | CrIrMnSi 1391 1323
FEARELT, Kl EHI BT DR EBVLE S 2% 1 17T, 5 | CrirMnGa 1506 1473
BRERBHT oW TEAEME FBMHL (Scanning Electron [ CrlrMnGe 1232 1233

Microscope : SEM) R0 R /X — 438 X #4531k (Energy
Dispersive X-ray Spectroscopy : EDX), BXOE 7 v—7 <A77+ 7% — (Electron Probe Micro Analyzer :
EPMA) THEARBLEE O T 21T o7z, f i iEix X 8 REPT(XRD) HIE T~ BEE &7 T
(SQUID) R&HFCIRENREHRE /15T (VSM) & W CTREKIME-E 230~ 7=,

(a) ColrMnAl 1523 K for 3 days (b) ColrMnSi 1323 K for 3 days (¢) ColrMnGa 1473 K for 1 day (d) ColrMnGe 1233 K for 2 weeks

Fig. 1 #YLERt% OB SEM 12 L A #H#%, (a) ColrMnALl, (b) ColrMnSi, (c) ColrMnGa, (d) ColrMnGe
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# 2. EDX, BIOEPMA [ZTHRELT=& B O (2 fA5BEL 7-30EHZ WIS 2 O FE )

v Method FHHORAK (at.%) 52 FHOFRL (at.%)
CrIrMnGa EPMA Co:26.4,1Ir: 24.2, Mn: 25.9, Ga: 23.4 —
CrIrMnGe EPMA Co:27.1, Ir: 25.3, Mn: 25.8, Ge: 21.8 Co: 8.1, Ir: 32.5, Mn: 26.3, Ge: 33.1
CoPdMnAl EDX Co: 17.7, Pd: 33.7, Mn: 21.4, Al: 27.1 Co: 45.6, Pd: 7.6, Mn: 33.6, Al: 13.2
3. ERRE

3.1 fABH=E

Fig. 1 (Z¥)—(LBMLIRDZIZENENOWEN B M L TEZFEI O SEM 12 X 2l R ofE R 2R
T, BRI ITOEEE 2 BLEEFE & L7223, ColrMnAl & ColrMnSi TIE 2 fRICEEL TV D Z E NI 5T
H D, EERDEMNE HNTZDIE ColrMnGa T, ColrMnGe TiXb /722 B8 2 MBI &7z, EPMA X
ORI T ZAT S T2 AR % # 2 12”7, 728, X% Pd & L7z CoPdMnZ (Z = Al, Ga, Si, Ge) {22\ T % [FIERIC
WEEAR L, BULE B XOMMBBIEZ T o720, BHIIAEONT ., 2 THSEEREOMBE cH - 7=, #
& LT, CoPdMnAl DA HTHE S A TRIZE T,

3.2 H@RBE

HFE 235 HAL72 ColrtMnGa (&2 TIEEIR IS TR R XBREIHTIINE 217 - 7o, SLHIELHIZ BHE3- 2 200 4
T R B BABR A S 728, 11 ST S o 72, —F DR O ARBANL 2K E L Claldr ¥
—VOHREREIT o2 L T A, Co & It BERICABANE L72BRIC 111 IR BWHEART 5 Z Enmhote, —
¥, Co & It OFRHHANMKIZNZ T, Mn & Ga 23BAME L7256 & AHANE L7 RIS 2 — o Tl +
I OREMEE A EED L, SO X 97 XRD TIEmEZ#RA TE AN &b LN o7,

3.3 W%

CoIrMnGa, B L ColrMnGe &4 ? 6 K THIEZ{T-7-#i4l. - gof
f(M-H) % Fig. 2 |\Z7% 3, Arott Plot (HIM-H)X01537- B RsRé = 1ol L s
HZNZI 581, 67.3 Amikg TV, AT —A D p TS E 60) £ essie e e
LLENER 391, 457 we/fu OERES LT, ColtMnGa & = 5o -,r_-"f"" ~ColMnGa
ColrMnGe 2 & DA T-4k1% 28 £ 29 THBHO T, Galanakis 578§ 4o
HEPEL 7= Slater-Pauling BIIC LD L[4], ~N—7 AHAMERREMECHL 8 wf
EHHSNARRE— AV NITNEN 4, BLO S w/fuThd, & 2f
ColrMnGa [ZOW TV METHDDIZKI L, ColnMnGe (FD LK = 1o}
VMECH o7z, ML TR R DHRSNHEHIZ, ColrMnGe Tl - : L % i -
55 2 AAIELEL . RS AL 22 BB 317 e A 2 Magnetic field [T]

LTWW5EB 2B,

725, ColrMnGa, ColrMnGe Dl 12BN T, et mElkiz
B DML SRITIRE (S L QRIEEMRE R L, T2 —UA RN
162, FNENDEEZNOLA IR T — A NG, SHITHRET—

Fig. 2. ColrMnGa, 33X} ColrMnaGe &4
D6 K BT DAL R

AR p BT 5, ZNEN 412 £ 3.63 Thol=, 6 KOBE B [ ColrMnGe
(EHRED 10 BRI DRI LI R E— A PO, pops 1T 5 50}
1.05 £ 0.80 THY, polps DIEAS 1IN &I, TOWEDIFER < 40} _ ColrMnGa
TRTHLILEBRT D —HTLWKODPDEAAT—HET 5 ol #
pdps < 1 THLZENRBMESITODA[S5,6], ColrtMnGe 7AZHE 8
FICEIH ChDN LI, SHRDIFFEDLETHD, I

& 10t '
3. BEXH 2 %0sm N\
[1] X.Dai, et al., J. Appl. Phys. 105 (2009) 07E901. a00 400 500 600 700 800
[2] A.Kundu, et al., Sci. Rep. 7 (2017) 1803. Temperature [K]
[3] ?90((})}(;(55; and S. Ghosh, Physica Status Solidi (b) 256 (2019)  Fig_ 3. ColrMnGa. 3L Ut ColrMnGe 44>
[4] I Galanakis, ef al., Phys. Rev. B 66 (2002) 174429. D0.5 T DRE; T CHITE LI RBHL R
[5] E.Uhl, J. Magn. Magn. Mater. 49 (1985) 101-105. D O EE oy DA/ M (= 2D —
[6] H.Ido, J. Magn. Magn. Mater. 54-57 (1986) 937-938. B 2R TIRETHD,
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5YBF ¢ BRBE - EARAE BRI B
KERZBIBADREMG D FIEEHEZ N L -MEEEZERM OB

HALR T4 @A B SR AT GHE TR, 5% &, Wi B, OFHR %
Design of catalytically active spaces through post-synthetic molecular modification for
paddlewheel dinuclear(II,II) complexes
by Chisa ITOH, Haruka YOSHINO, Wataru KOSAKA, and Hitoshi MIYASAKA

1. BAREHN

TFRLIRFE (COy) DIRSE EFICKK T HBREMECEHE ATRE R N — AR v =2 — b T2 O FEBL L D
BLEDND, COy ZZWEMTHITE U, e CEEL P 25 AT RE 72 fl BEATEE 00 B 1 T & B 2R/
KED 1D ThDH, AW TIXBENE T N —ME2E T2 KER LT =7 A7 (L) $85K ([Ru™) %
RIS AIA AT HANMEL Ry 7 ZBPEIOAIERL, B LY CO: Wi oAtaE DB A B L L, LLTICH
LT DR E & S LTz,

2. IERE
2. 1 8% [Ru] $&/K ([RuW-CHO) #HU\f- TREMAL S FIEME] DOREIL

2 DO&ERBIRF%E 4 DOERMLF DG LI AKERULT =7 A TR (Ru]) 1, [Ru™] (S =1) &
[Ru™MM* (§=3/2) MO HiZei bR CA R L, BB bR TRAERS T C 2 SR e, @RA 4 R0
(iF 23 DT MES N2 & ORI e A3 DHERENE S+ TH 209, 72, ImFTIE [Ruz] OBEULAEIFHERAL
(OMS) DMBHEMEAL & U THRET 5 2 L 8 SHER STV 2080, —KAIC [Ru™] D& RRIZ IR
BRRG R « KB - BRSC T S COBRDE - MY - FEf i & W O BHOBREAVIETH Y | MEHIES U7 &b
LS EOEMER T mE ZAZB LT, £ 2 TAIFZE TR, 747 & Nk ((CH=0) Z A L728BF [Ru™)
gEK ([Ru™M-CHO) (T %

O grnnannnn [e)
RTS Y BFERISSED RENTSFEHE AL FAAERL (OMS)
ML 0720y ERE 23 L =77 @ |anus#consKsiam lg v
L (Fig. 1), RFI2{E2 e = Doy
TRy PEKRIZE - T - ¢ @f’swﬁ y @ R1*H
[Rua™™1| 78347 45 CHHR & 7 (emploge ot s o

Imine-linked [Ru,""] materials

(R

Fig. 1 [Ru2"-CHO # AU\ =& EML S FEMEDOEIZE

“  (template metal complex)
AT ZHEREMEA BE O R BA
%« BEREBRARICE Y MA TS,

ARFFEDOHE KL LT, T L 22 [Ru™M]-CHO ZHHICAR L (Fig. 1), BEiESMR X #REld
(SCXRD/PXRD), IR A7 h/b BERERE, TR, BEHE (SQUID), FER{LFRIE (CV), DFT &t
B ENo A LIc U 7O iEE, Mk, M, EHREBEORELIT ST,

KIZ [Ru™]-CHO 1256 L TR 72/ 7 R U3 T2 OIS S B RER, 4 FEOA 2 V4468 [Ru™]
BRI L2 (Fig. 2(a)), IR AXZ RV TIEA I UERARZT HE—2 (ven) DBLAIEHL, SCXRD,
SQUID, CV, DFT &M 6 Rl 7 - B 7IRAE - EXRUL PR A A Lo & 2 A, Effi L7oEL IS X v g
LI TR 2 BEBNROICHIE T & 5 2 L S B 22 o 72 (Fig. 2(b)), ML EXL Y KifE= v 7 hTH D [
B2 ML) DFREIZE - 720,

H i ()
mine bo b 150 " 250 -
(a) ¢ l/’ nine bond ( 0o | 8PCFs  Homoleptic Hoto Heteroleptic
{ / B © +.CHO §,2°° T:’Euo SHetepCl
Y lete- ‘®Hete-
A~ : 2% ol g il
-/ 4 £ 10
y N ) pF e N Hete-p-Mo ™ @
) t . |Ee R
. o <
\ I, G s P |d o p-OMe
\ 4 0 pome o O Hete-p-OH ®
s o3y T (- 35 s 45 as 4
> - e T\ TTI A e e
< > o T A o 38 41 : Hete-
S| by | DEWE ey ) Homoleptic P'°."" Heteroleptic pOMe
I v I N QA Ao -+ pMee o “2 Hete-p-Me
' A - 3 20 POH|> 43
® 42 3 .
\ 3 = Hete-
g 3 a4 . H P-OH
. | \ 45
v pCle’ o Q 4
\ Y} L N % 48 . pF 2 o] hoe ®Hoto-p-F
y 4 N / S Pf 3 2 P":. ® Hete-p-Cl
1 ) 2 1 3 N - e eCHO 47 Hote.CHO
; . sl P PN

a5 4 45 as 45

Fig. 2 (a) 1 = VZ15E [RuV] DFEREE, (b) B8 L =B FI&TF L -EREPRME R DB
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2. 2 HEH#HESHEE-HHBERK ([RuW-MCOF) MOAR - filiE#aERR

JCATHRFZE (RITE 2. 1) ORRZ D L2, AFEOHNTH D [Ru™M] 28 A U 7= b if e 2 R —fik
EOA K E RS T, BAMNIZ, [RM]-CHO (27 2 U+ BEMNICEMT S &, kTS 2H9

LS IEE Y ([Ruz2]-MCOF) 235 57~ (Fig. 3(a)). IR, 7~ o 27 kL PXRD /8% —> 75 [Ruz] 73
FLASAENTZA I VAUEHEERO R 2 S L. X BB T0E (XPS) Tid [Ruz]-MCOF 23 FiER{AD
[Ruz™]-CHO t [REROEFIRREEZAH L TWD I ENDMhoT-, £7-. PXRD "¥— | HiE 1 HEMEE
(STEM) i 7515 b= mHrE# 4 AV TE T LEHE « Le bail #4179 & . [Ru2™]-MCOF % ABC %
X% JOMBREGEEZ AT D Z EDRBENT (Fig. 3(b)). & 512 [Ru2™|-MCOF DL FLMHEREIL A 2%
FMEDSFHE L, BET 205 160 m¥Yg OREREEZATDH 2 LWl

[Ru2™"-MCOF WIZHAAGAA TS OMS IEfIBETENE A b & U CTHERES 2 Z &E BN PRS-, JEFFSE
FHCThDHEMBIE (KK, TEERR CERRFERT) OZTIEO L & COr OIGRTTEREIT- 7=, filit
AERIE 2.0 mL NMP %12 [Ru2™"-MCOF (25 pug). 50 mM BIH, 0.10 M TFE, X% 0.1 mM [Ir(ppy)s] %
INZ TR — R CEM L, ZOFEE 3.0 x 10* pmol g @ CO AAL (1.2 x 10° umol g h™) MBI E N
(Fig. 3(c)). CO ERDOZIVEIT 96% TH Y, [RuM Z M= COy &L Z D THEFEL 720,

(a) (b)
OMS \ 5 Under 900, Leder OO
0o L
s 0 g [ B
? L] LR
ﬁ 0 ¢ 13 LR
Imine bond S 4 e N i §»
. : : 2 o.i'é 772"‘93’)3 0.677:‘9)(
[Ru,]-MCOF :g

Fig. 3 (a) [Ru2""]-MOF D#EEHIENE LUV SEM [Efg, (b) PXRD, STEM, 1%)_/ Sal—2 32, LeBail Ik
2 TH LN [RuW-MOF DFERMEE. (c) [Ru-MOF ZFL = CO. MiETAMKHABRDIER

2. 3 [Ru ZEBLLIEZY I EITUTILADOHEER

2.1,2. 2 OFATRAE L, AR THIE LIEZAML Ry 7 2RO RIRL, XY COx Jei ool
REOFBUCHE) L7223, BUEIZZNE TCOMAEZIGHTHZE T, L Ry 7 RIGWREZAMSHEY 7 h~T
U7 ~OEE - BERERRFRICEL D MLA TV 5, BARBIZ, [Ru™]-CHO (Z pg— )
U7 I FEBENICERT D2 &fﬁwi% ﬁff%%/w’ 7y RS L HEER CO, i
([Ru™"-gel) DARITHRI L7 (Fig. (), JEATHIZE & ARRIC IR 222 , (SC-CO2) {]
RS A I LR AR L. [Ru™-gel (=% L CHERR CO» (SC-COn) [Ruz"'“]-gelﬁ [Ru "-agel
LB ZAT 5 & ARIREE @ITH/M/ ((Ruz™"]-agel) 234557z (Fig. 4(b)). (),
SEM, # AWERED D [RuM-agel DL IEZHRL, 77 K I8 20
T2 No WESEBD RBEL o7~ BEA (Seer = 247 m¥Yg) 1X 2%
[Ru™"|-MCOF LV & K& <, SC-COx WLHUZ & % RN OPEHINRZAL Sio 3%
PEFR > B U —7 OMEEZ B LT (Fig. 4(c)), [Ru"J-agel O~ 7 v LRI T 80 [ g ©
121 [Ru™] 2= FAEH L THY  [RuM)-MCOF » 2 Y7Lk 5%
’%ﬁﬁ BERE L 2o TS EPRHRIND T2, BIEIL [Ru™]-agel Dfiftt © 1020 30 4 s G0 70 %0 %0 10

MERFA L X D #HLA TV D, Fig. 4 (a), (b) [Ruz""]-gel/agel DE{%
(c) [RuzM]-agel 0% FLEHERE

geee®’

FKEM =247 m2g

2. 4 {+8%

ARFGECIIIR LR TTIE M7 [Rw™) $5ADRKEEMIEE WD Z & T, B 2RISR L7 BRI b5
PEOHIE, 72 & ONZZEFIFERE & ARBERSEE DS = B8 | B U 72 A REMEARBEA B O B I LT, 5% 13488
ATy YA X - BTIREORIRD 7V EAKR L, CO2 &I The < K& 2 bliiESSI2A F 7 2 k% ke
T Ty b7 — LT 5 TETHD, £, @B/ RTEEAES TN Ty brE—RS LD
AR B E A, IR O =)L ¥ — « BIERBEIC BT B 3 2 SRR B OB 2 B 187,

3. ZEXH

(1) H. Miyasaka et al., Bull. Chem. Soc. Jpn., 2021, 94. 2929.

(2) H. Miyasaka et al., Nat. Chem., 2021, 13, 191.

(3) J. F. Berry et al., Nat. Chem., 2021, 13, 1221.

(4) C. Itoh, H. Yoshino, H. Miyasaka et al., Dalton Trans., 2024, 53, 444.

(5) C. Itoh, H. Yoshino, H. Miyasaka et al., ChemSusChem, 2024, 17, ¢202400885.

P-24



ﬁﬁ‘?’%ﬁ%?ﬁ%% — Reseorgilvesult report =

Lan

Research result

SYBF © SRS + TR —RLSY B
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Development of Nanoporous and Nanocomposite Metallic Materials by Liquid Metal Dealloying
by OTakeshi WADA and Hidemi KATO

1. BAREHN

T2 I IRIBR G4 A-B & RIRYS CICIRIET 5 2 & TRIBEA 4D B 2 BINIIZIEH S, BT AR
TOHEHBILIZE > TH /R —F AR IO ) BEMEE BB T 2HIF (&REGHKS LMD) @
WZEIZHR D FLA TV D, LMD [I0EREIN TH D A-B A4 % KIAKIZIEIET 2 2 & THIBRE 40 5 B & 3R
MICER L TERGFT S A OFR—7 AERBEERT HHM ORISR 12T, O&FESRBIEIT T2,
SRIR TR E T I R—T A EELTED, QNI ROBEEZHFDL ZENTE D, QOMIGHEENE AEE
PERBWEOR SRS D, Fx X2 O LMD Hifi 2 FAW T v E Tk 20 FEEOH LW R — 7 A48 % B %
L. TI6 ZHEREMERS X OREEM BN ST 2 RICID flA TE 72, & 6 X, A4DRANkIc Xk 5
R— T Z&RBOBML « LERERBE KB XOXKEODRNF )8V TF—7 T 72O EZDFT N T A
A T BRI BT A RFZEICE Y MA TS, BTN OOEREE £ LD 5,

2. HAEARE

2. 1 A2ORAUEIZKBICLDR—7AEEBOMME - LREEEKRD

LMD TlIAR—7 AEmNEIROE&BIRG CHEKRT 572012, et AHICR—7 AEEOH RN E T T
LEWV, BRELTCHEBEEMETLCLEIGERD D, RN—T AEEDOH KT R —T A &R 2T
BDIVHA MOREFRTFTOBECHIKIZ L > TAELD Z ENBALMNIZ2->TRY, XLz Il+257 7 e —
FLLTINET, WHEEDKT., B@s&E) 722 oA, &RELEmef =y brbE—4/4
OFANBERZINTETZ, —FH T, KIOEFIZAESOHRANLICE > TH IR TE2 2B/ mbRTn5d 2
&M HARIFGETIEAE SO HANED AT T HRAb~D LG ~7=, Ni-M(M: Mo, Nb, Ta, V, M (FHik 5 & L <
X2 B DRIBEA &% 7 — 7 IEfRIC L » TIERLL . 2 Z2FHE QIR ICHIE S iz Mg IRISBICIRIET 2 2 &
THIBEEENOM NI SHEL, F—F7 A MBEEZET, BONTEAR—T ZAERBIZONTY T AL A
A &[A— Homologous % (21T V>Mo>V-Mo, NbMo>Mo-Ta DIEIZ72 > TH Y 973K TER L 72K —F
A Mo-TaBEDY HAY FHAXZ19mm ICEL TV, T742b5, Mo-Ta & CIFHAETHD V= Mo 12
He_T R0 BEE IS A L Tz, ZORRKREZH 52027 572912 XRD B8 XY STEM & VT4
R—T AL/ OMBBIEEIT o712 L 2 A, Mo-Ta B4aLISMT bee EEZA LT DDIZx L, K 1ICRT X
212 Mo-Ta 541X B2 BlAIMEEAZ A LT\ D 2 L3 inoTo, B2 BAIGE& IR 2RI T 5 & i, #
RIS 2 MERF T D T2 DI TN T A NCBEIT 5 2 LN TE T, HHERBBIC L > TIERiE Z 5 &5
ZHNTEY, HAGETEAHAESIZ TS IH S b, LMD IZX > Th—7 A& RS AT
HEICH U T AL FORFIHAEEEZ AT 5 2 & THARE A A U St 2 IR #nifi] S 4U TRkl C e i i
DRERF—TAEBRBMPEONTLEZLAOND, £, ®ESIIN TV D Mo-Ta OFMERIRRERIIE B2 HHIHH
ERLAR S AL TV WA ARBFSE Tl Mo-Ta @ B2 BIHIFEAE G472 Z & 7v 5 LMD TIEREROHEM L 0 & afaH
ICECEHRREEICEIE L TWH EEZBND, ZOZ NS LMD AWt o7 ot A Tl kiR #e
WEEAIRICE HAREEEZ /R LTV D,

1 1073K @ Mg |2 10 3 flR{E L T b itz T / AR —F A Mo-Ta &4 HAADF-STEM 4. [001]
FEnoHAS LI EFRET Y — BIOREDX JR a7 Avy B 7,
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2. 2 IWIZKBZIRMEDDVHEWNF/ LS —TZ Tz VDREEF D LAF U EMFEHE?
BHEREE L 7=/ T 7 = THEISNDBAEERITI T 2 8V 5—27F 720 (NCG) LMEEh., @R
WIMA TEBRE, SWEFBEIE, SWAREMEZATLIZLN0ET - ZRXVF—T A X B —%F
OEMERRILIC OB DB LTHER S ThH, L LIEKRD NCG IHERLBRRICB W TEASND Y T v 7
FHORMIZ L > TENTEREN Kb, — T ANA A A X THLELFA—MUETI T v O
WNCG 2R 2 Hil N B S Ta 7z, B IXT N7 7 AFBRMA L 95 LMD 12 & > T Z OFEED TR
BRIz, TENT 7 AMBHIRI R A R T2 R WRIEBEEME TH D72, B 2(a) TR AITR" 3 & 91T,
NCG B D7 Z v 7 FAEDBL IR HIFFCE D, MnsoCao(at.%) @il 2 Z /3y 2 U o ZIEIZ L VR L, X ##
FEHIC LD 7TENALT 7 ARELZFER L=, ZOTE/NLT7 7 A Mn-C BiEEARHEEZ Bi 55512121 LTI Mn %
TV, CIRT7-% B CA# b 325 2 & TNCG ZFpk Lz, X 2(b, c)i&, 1273 K T 3 43[flil Mn 17 > 7230k
Wi chH b, BEHI BV TF A — MY A XD — MRT, WENILT /A XOHFEE LR — LV RO
MWo o UEEIZ > T D, Fiz, K 2R T L 9T, BHARFIHEEZRL TS, ZOREDGHIE
L7z T~ AT MVEK 2)IIRT, i G /3 K E 2D AN RBERI &, fiattEomns 7 7 o on
FERENTWD Z ERNbND, NCG DESAEE L 1.6 X 10* S/m, AXEEHHRE T 34.8 MPa IZFEL., W bith
DF )N T =TT 72 b L TRy T LV THD, BFLIZNCG DF Y 7 AA A&l (SIB)
T E UL COMREZFME L7z, TO/ME, AERH LML TRELAEREEFRELENT L — MEEEZR
L7z, TBIMEE SA/g TOHA 7 i BRCTlE, NCG X 7,000 4 7 Lt 100%0D 7 — 1 ViR AR L, B
I 7e R EMEZ R Lz, X 2(0)1%, NCG RO LN EMEFEIC LIFTHEL R L TWD, M 2O, B
JE 5A/g B E N 20A/g IZBWT, IS LOMNT (=42 0.75em I8 L 1.0em) OWSME T TR — DA &
ZRLTWS, L2 -> T, BE%E L7- NCG %, SIB DESALZEME: & ikt om LICEH Th 5 L im0
b,

(d)

phous M, Ca s S N e AW
T Ly Lo LI — f———
PRI - 2
JMn o C
(f) 190 - - )
11 A 5Ag 20 Mg
160 ~-> - - - -
SMO- -
! e
120§ nat bend radius  bend radius flat
100 + of 1cm of 0.75cm fiat bend radws fiat

Cycle number

X2 7E/LT7 7 AMnC % BiiRETIZIRE L T Mn OFIREH S8 T CANCG 2T DA,
(b,0)1273K T 3 D& BB THONT= 2 T v 7 D72\ NCG OWrifl SEM 14, (d)Zikit %
AT NCG EDOEHE, (e) NCG DT~ AT R, (f) BIREE 5B LV 20A/g IZBWTHHEEB X
T 72 RBED T N U 7 AA A EMO YA 7 VERERRER,

3. ZEXH

(1) T. Wada, A. Nakata, R. Song, H. Kato, Accelerated structural ordering during liquid metal dealloying and its effect
on thermal coarsening of nanoporous refractory alloys, Scripta Mater.,247, 116120 (2024).

(2) W.-Y. Park, J. Han, J. Moon, S.-H. Joo, T. Wada, Y. Ichikawa, K. Ogawa, H. S. Kim, M.W. Chen, H. Kato,
Mechanically Robust Self-Organized Crack-Free Nanocellular Graphene with Outstanding Electrochemical
Properties in Sodium lon Battery, Adv. Mater.,36, 2311792 (2024).
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Preparation of Sintering-free Non-crystalline Li2B4O7 Ceramics for Li-ion Battery’s Binder

FURRPE R 7 0 T 4 7 HRHIFJERT/ZC BF R AT,
BRRME RS T 1 T 4 7RI Sk BEE

LI KRR

by OSosuke Takei, Keigo Kamata and Shintaro Yasui

1. Research Object

Oxide materials have the problem of their hardness, not easier to make well-connected interfaces, leading
to difficulty in putting into practical use due to their high interface resistance. To overcome this problem, soft-
oxides are developed with different perspectives. It is reported that the development of softer materials such
as LisPO4", LisBO324), and Li2S045®) has been considered, and mechanochemical treatment by using
planetary ball milling has been used to improve softness and their ion conductivity. By breaking the crystals
and non-crystallizing the material, interfacial connections in the battery structure can be formed using
uniaxial pressurization and relatively low-temperature treatment. However, the materials obtained by
planetary ball milling are expensive for industrial processes, and a novel synthesis route for mass production
is absolutely necessary.

In this study, we focus on amino-acid-aided solution process, which is suitable for mass production. This
process can be achieved to obtain nano-sized ceramics through the intermediate state of cation-carbonate
networking.”-'9 The idea is the direct bottom-up growth of non-crystallized powders using heating treatment
before crystallization. The target material is Li2B4O7, which has softness in oxide materials and small ionic
conduction.'-12) Li2B4Oy is expected to be used as a new binder for all solid-state batteries.

2. Experimental Results
Li2B4O7 was synthesized by solution process. Lithium acetate dihydrate (FUJIFILM Wako Chemicals, 98.0-
102.0%), Boric acid (FUJIFILM Wako Chemicals, 99.5+%) and DL-Maric acid (FUJIFILM Wako Chemicals,
99.0+%) were weighed at 1, 2 and 3mmol, respectively, then those reagents were dissolved in 100 ml pure
water. The condensed white powder was prepared by evaporation of solution at 90°C, then, the precursor
powder was dried at 200°C for 1 h under vacuum dryer. Various Li-B-O powders were obtained by treatment
of precursor under ozone, oxygen or air atmosphere at 200-550°C for 1 or 10h.
Powder X-ray diffraction (XRD) was carried out using Bruker D2 Phaser. Thermal analysis (TG-DTA) was
conducted using SHIMADZU DTG-60H
under dried air flow. The precursor was

. . . . . @ Li:B,0y
weighed in an alumina crucible as a A LIBO.
measuring cell. Alfa-alumina was used as # Unknown

a reference material. Scanning electron
microscopy (SEM), JEOL JCM-7000, was
used for the observation of microstructure.

550 °C

Intans(v\(a u.)
f
é
{

500 °C
Pellet was prepared by 10 mm¢ uniaxial
pressure molding. 400 °C

Based on the TG-DTA results, we
challenged heating treatment of the
precursor powder at various temperatures
to obtain an amorphous Li-B-O compound.
The heating treatment was performed at

10 20 30 40 50 &0

200°C, 300°C, 400°C, 500°C, and 550°C.
The treatment time was 1 h and the
temperature increase rate was 3°C/min. As
a result, a halo pattern was observed at

p-27

28 (degree)

Figure1 X-ray diffraction patterns of prepared precursor

with heating treatment at 200, 300, 400, 500 and 550°C

for 1 h.



400°C as shown in Figure 1, resulting
in a perfect amorphous powder. No
change from the structure of the
precursor powder was observed at
200°C treatment, and XRD peak, as
indicated unknown, was changed at
300°C. After 500°C and higher
temperature treatment, Li2BsO7 (PDF
01-077-6271) crystal was observed
as predicted by the TG-DTA results,
unfortunately, a few secondary LiBO2
(PDF 01-176-2212) phase was also
observed.

Research result

Figure 2 Scanning electron microscopy images of (a) obtained
powder after treatment of 400°C for 1 h under air condition, (b)
pellet bare surface prepared by uniaxial pressure molding. Inset is
a picture of prepared pellet after gold deposition on the top.

Confirming the softness of the amorphous powder prepared at 400°C-1h in air, the pellet was formed by
uniaxial pressure molding without any heating treatment. Figures 2(a) and 2(b) display SEM images of
prepared powder and the bare surface of the pellet. Inset is a picture of the pellet after gold deposition on the
surface. From SEM results, the primary particle size was found to be much smaller than the micrometer size,
and the secondary particle size was found to be approximately 1-5 um. In addition, the surface of the pellet
has cracks but is very dense and flat, and few secondary particles are observed. This might be caused by
the particles collapsing against each other during uniaxial pressure molding. Therefore, the prepared Li-B-O
amorphous powder was found to be a very soft material. Electrochemical impedance measurement was
carried out for the prepared pellet, unfortunately, semi-circle was not observed, resulting that ionic
conductivity at room temperature should be less than an order of 10° S/cm. At least, this material can be
used for all solid-state batteries as a new binder introduced at the interface with very thin layer.'3
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S BRER - TRV —R Ry B
TFEILIT 7R INGa-In-0BRE S VR B DR FDBEKRTFIERENT
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Temperature dependence of the defect distribution in amorphous In-Ga-Zn-O thin film transistors
by OKeisuke IDE, Shimizu ATSUSHI, Takayoshi KATASE, Kosuke TAKENAKA, Yuichi SETSUHARA,
Hidenori HIRAMATSU, Hideo HOSONO and Toshio KAMIYA

1. BAREHN

7 EINT 7 A In-Ga-Zn-0 (a-IGZO) ([ZfRE SN D T E/NT 7 AMRLW 5K (AOS) 1E. KiffE~D=ERK
ERAIRETH Y, 10em’/Vs X D@EWBEIEZ R ITHMERTHD [1], 2 9 LIcEBRIFENS, KA
A AT VAIZHNONDHE ST P A X (TFT) OF ¥ ZAMELE L TT TIZEREDBEA TWD, ITET
X, OB TFT ftE&IE L, FeFET =2 —0 T/ T 4 v 7 T3 A72 8 TFT U DEFT /A A~
OIS HIEFIITON TS, HTHIGZOTFT # W A % & LTUSHT 2MENER ZEH TN D,
FEBR, IGZO TFT Z AW T A& 2 Pd 2011 FIC#E STV TELR [2]. NOH A DR A= Yehke 2 1& H L 7-
VOC T ADFN T & SRR R HE ST 5,

IGZO TFT ZFIHT 2 A VDt v v ZFEEIT, SO AN 1GZ0 KW MAET 5 Z LIS TFT
Bk (LEWEELERE) OV 7 beRtER & LT D RICH D, B8 kE =T 22 0
BEIREE 1L, M9 2 0 AR L > T=RIEND 400° C £ TOIAHFIHICHZ 5, > T, IGZOTFT ZitH L
T2 A Y BRSBTS ADWAERTR TO TFT FEZ2ES0 IGZ0 HIRD KKaikiEE . EEO®
Y EMEIRE G 2 2 ENEE L 2D, LovL, ZHE TOMSETIX IGZO TFT OIRFEKIAEREA 23
KTH250° CREICHEED . TRA AL I 2 b—3a X BRM/8T A —ZiFHTE 120° CHHEETLY
ITHON TV,

Z ZCARMIZE T, =i N D 400° C £ TOJAHFIPH T IGZO TFT FtEDHE 21T 5 & & i, FFEMARICE
FHTNA AV I ab—va rEH T2 2 LT AARAEIC LD a-IGZO R T O Kb s3Afi DR EARAFAE %
AT L7,

2. HIRAR

a-IGZO TFT |, #J 150 nm DO EFRALIEN TR S L7z E, E. Simulation parameter
F—F nt+ Si 7= n—% 47— MERE LTHAY, Rba T :;’:S‘ates gﬁstates CB tail w\
F—re by Taryy MEEE L, FrxEen o e
% a-1GZO #ilE% 30 nm HERE OB PHK F T 300°C 12T Acceptor | Nea
T == VAR AT o To o IR SRR BEIE ) & 0.55 Pa, 8 S evel I
MeR T EIL % 3%, RF NV —%& T0W, & —% v b—Htk Energy (eV) Ve iiwaa
BB 2 53 mmICRRGE L7, Y — A/ N LA FHE Ti/Au ora(B) = Na - exp [ 5] Wap=005 eV
(20 nm/80 nm) ZJERL L. F ¥ F/L R L=300 pm, F ¥ * e ar=c E,=0ov
JVIE W=50 um & L7z, Noa * exp|- <55 ‘ :ErIE:?:]:Sl:Jour:t zl..

TFT D 2 = L —3 3 121 Silvaco 18 ATLAS ol N EMV!;:-] — P

TNRARAVI ab—F x0T, EET VXN TS gogmd sy -
o i N = e Fig 1 Expression of sub-gap density of states (DOS) in a-

. PERLZARE LT v 2V 27 S 30 nm O a-1GZO 7‘%5%‘ IGZO used for device simulations. Left side shows a
77— MR ZE S 100 nm O SiOx#fE & L7z, F ¥ R/ schematic illustration of DOS and mathematical
£ 1L=300 um, F¥ LR W=50 pm TEEHL, Y—R . expressions for conduction (valence) band tail states and

. . . s 1 . (o deep acceptor level. The right side shows details of the
F LA A Ti, ‘/7 PHEMEE n B Si L fE LT ( parameters used in the simulation. The values in the
TR A FARABRICE 1) . a-IGZO D K [E534i1E Fig. 1 orange (blue) boxes were varied (fixed).«

WRT R, BT XY v FOMRKREBEEEEK. #®
BN 2 T AFEBTRIER L, 1T A—F &R
E L7z, N TFT OBMETIHMmER (CB) fFDORMEN BRI L 72 578, CB lOFRIRAEIS L OVEWET-
FHEVENLIZBRE 95 NTA, WTA, NGA, WGA % EE B E L, & HIZEFIRENe) & B BB (ue) b FHHE
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72 N COMRERAFEOFHEFE R % Fig. 2 12”3, b7
VAT 7—H—T b, E EFICEV OFF fEIE
WO T AR HER TEX D, NT VAT 7 — 11—
ThBEH Uz TFT FpPEE Tk, fEERICEBT 5
LEVMEBEITER T -HEF L BITRE R LD
WCAFMIZY 7 M350, il D 2000C £ TOV
7 MEIFZERHFT24 V, EZERTIEIV L, HZER
OFBPIFIEND Z ERbhrotz, &5IC, BZEFHOD
WFE [ZIRE B & & IR 2 olzxt L,
22554 CIE 100°C LA ETRIKIZIK T L, 200°C Tl E
RO NS EREETEDLAALRLE, Y7 ALy gL R
AA 7SSO L T, BEZEH TR & 22 bn
R ohipholc—K, 2254 Tld 75°C TR/IMEZ &
V. 100°C LA ETIRIREE & EDMBEZ R LT,

WIZ TN 223 2 b— 3 &2 HWTIGZO TFT
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Fig.2 Temperature dependencies of a-IGZO TFT transfer

curves. Measurements were performed (a) in dry air and
(b) in vacuum. <

(a)

(b)

DKFTUAT 7 —=H—T 06 1GZO EED KM/ T A 10 10®

—Z &I LT, BIRED NF R 77— T — 7%t & [t il o i)
LT, KWarso A =2 B LR EDIRE TS, RSN - Y 5 75°C — 178
NS LT BT DN LS BECA B, 8 L S
St BRSO B ID-VG DX 2 AR TEX5 2R 8 g

G3Ino T, Fig. 3 I DNV KM/ T A —# L RIEIRE 10"

DORR%E £ L 7=, Fig3(a), (b)TiX NTA, NGA, WTA,

Energy [E- E ] (eV)

1.0 1.5 20 25 30

10" .
1.0 1.5 2.0 25 3.0
Energy [E- E] (V)

WGA B RILEN S a-IGZO DY 7 X v v ik EE

BB (DOS) %7, @RS, GamEtoke @ 1. .

ERL TV, ZEKP T, 125 °C DLECHRWE Tl i R s~
WG SMT BERAR N, Thas SSamL 7, et et 2 B®
TWRERTHD LEABND, —h, HETTHE  Zioe - e |
WEFHEEM OB LSRR, 2 OEOESE 10| . ogyar | X gl e Vacuum

JEYERLDIE T, 225 T OIRFE DS a-1GZO #ifEE R i 12 10!
ETDHIETRMEPEMLIZbDEEZBND,

= Vacuum | |

750 100 150 200
Temp. (°C)
Fig 3 Temperature dependencies of defect parameters in
a-IGZO thin film. The upper figures show DOS in the sub-
gap drawn from the defect parameters (a) in dry air and
(b) in vacuum. Lower figures compare (c) electron
concentration (Ve) and (d) electron mobility (.) in dry air
and vacuum ¢

50 100 150 200
Temp. (°C)
3. HAEARE

AWFIE Tl 22 K OEZE R T IGZO TFT Ol
AR ZHE L, TARAAL AV I ab—Ta AN
T a-1GZO #EED Ko /3T A — X Dt 4T > 7, =D
FERZELQHTIL, 125 °C YL ETIRE ERIZfE - TR
B EEN AR E SNt 2N D5 Z BN hotz, £i-. BEP TIIEFHEEMLOBMARL LN
o leZ Enh, ERPOEEED a-1GZ0 RIZWAE L2 Z &3, BT HEENOHMOER THDH LB Z
bd, SEE LI ERIE, 2050 IGZ0 H At OISHBIIC 2R3 5 BEAMR L ZEZ DD,

B

AFFRORMFNT, FEEE - FEFEE A VT 7y — A, ) _R—=Va UHMEHRIH T e Y 27 MLV o b DT
T, ZIITEHOBEERLET,

S5 3

[1] K. Nomura, H. Ohta, A. Takagi, T. Kamiya, M. Hirano and H. Hosono: Nature 432 (2004) 225.

[2] H. Zan, C. Li, C. Yeh, M. Dai, H. Meng, and C. Tsai: Appl. Phys. Lett. 98, 253503, 2011
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Selective oxidation of isobutane catalyzed by La-Sr-Fe- perovskite oxide nanoparticles
by OKeigo KAMATA, Masanao YAMAMOTO, Takeshi AIHARA, Keiju WACHI and Michikazu HARA

1. HIEXEW

BART LV H > (C1-C4) OEBEIRFRILIZ, TV a— L VR =g EOEMIMEL A& EET 57 0
TAL L THERINTWD |, Rl CEEIFIET D0 FIRBRERLBLH & LicT v b i, SRR~
BERACBOWCTASHFEINTEY , n-7 X OBEHERBILICE 27X V2 AR EnEET a2 bah
TV D, WRFARALSOGNIERA &t U TR SUS R CH#ITT 2728, COx ~DFERMAL A Ml T 275
RRHD, ZHWETITANT 4 ) 2L 0 LT 8RR AESBEER (MOF), AU B Skkx 72K
Fe T A R S BRSE ST E T2, BRI ATRE 2R AR — RS O A FIIREN TH 5, FxlLmIR
Tk (Fe*') ZGten 7 AHA ML) (BaFeOs 5 X° StFeOs5) N7 X~ X Uo7 VX LT L— 2 DR
MR LICB W CEVEEZ R T Z 2 RE LR 3 A V7 ¥ VB bicB W QIR AMEICEREE2 R 2 <
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o

&3k
[
[

1]Y.Y. Choi, T. Teranishi, and Y. Majima, Appl. Phys. Express, 2019, 12, 025002.
2] M. Zhao, R. Nitta, S. Izawa, J. Yamaura, and Y. Majima, Adv. Func. Mater., 2024, 24, 2415971.
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SYEF L BREE « AL —APE B

Pt B FHEE R 21,80, AR DY EIREAEAT &
KFEIRATICHETEDT7ILH EEEFES

WHREERE 7 a v T ¢ 7B ZE AT O )| Fs
KA A v 2 e A LS R) Tao Meilin, M

Structural analysis of Pt loaded Zr;SOy and its catalytic property for alkane isomerization in the presence of
hydrogen
by OSatoshi ISHIKAWA, Tao MEILIN, Wataru UEDA

1. HARBEW

Pt FHEFHREAAR v 2 = 7 il (PYZrS) 1dKBRUE FIZBWTT A O BMAC RIS & ZEICHET T &
ZORIGOTEMPEE LTHOWONTWD, ST Pt ETKENEREL T ZrS RAI~AE LA ——1L, £
D% ZrS Kifi LB LT TEEELIEHT 2 & T, MBHEMEREE LTOT LU 27 v Rig (BAS) M
BINDHEZENPRBOICEIVIBEINTND |, —F, KIS BAS ODERE, I LTIz ATl
BRI TS S IR TZICH O NI SN TV, ZrS TR - fENARYE Th D720, flBiE e S IR
HIEROEIGFNH Lo 72 2 L ITERKFT 5,

Bt Fald ZeS 4B LR EEZ B T DG dnTE ZnsS0e DA RRIZARFI L, Z4UAS ZrS £ 0§ @& WO ERfil
BEEVEZ RT 2 E WS Uiz 2, 2 OfBEIIHAR - #EENBE Th 5720, fEsiE 2 IS Z ORI Al
BRRIACTE 5 L MIFF S NS, ABFIE TIE Zr;S0o 12 Pt ZHFF L (PY/Zr;SOy) . = Ofilt DK FELIE FIZBIT D
fREPEE 35 L OVAETE Ml & 7=,

2. HAREE 70

FEERTE ZrsSOo IXBEMRICHE VK BYEIC K o TAM LT, ' ‘ ' ' '
Pt |3 HaPtCly KA & IV, gi%?%&: jt > T 2wt %A Ff 60| : gg:jggz::;under Ny -
L7c. BB iL7e PYZSO 13225 55T 500 °C T2 h A: Zr,SO,-HT
ELBRTR . 5%Ho/Ar K T, 250 °C T2 h ZVLEE L7, 50 @ PUZIS-HT i
ZrS [ B RIEED LT Pt HEFR L OBMLE 21T - 7=,
Ze SRS RS K VKB E R REHE T h 2 h, 3 40 ]

B4 K RBIZ-AC 38 L O-HT Z A+ T3 5, Fig. 112
Zr;S0¢-HT, Pt/Zr;SO¢-HT 1 L N PY/ZrS-HT % W CTHT
o7, KFBLIR TIZEBIT S n-butane AV D fE R
Z ™Y, PUZrsSOo-HT 1SS 2208 L 7 &M 4 7~ L
72 — . Pt Z#HHEF L T2 ZsS0g DA, i-butane 10
ISR ARV L BOSBHAR 10 hid D TlE e A
EROGMIHEIT U< e o7z, F72. PYZrsSOy % fillit & 00
LTH, EFLXWMFTIXIFE E A ERINMIETL Z20»

7o ZETRfMBEMERE 245 5121, Pt HERR L OVKFHER
HASMIE & Do T2, IKFERIE T PYZr;SOo 1 PY/ZrS-HT
L Y 72 V) 4 RS i-butane IR AR
L7ce ZHUL ZrS BARYE TH D72, fllETE 1A% &5
FEDS Zr3S0o IR T/hSWNWZ LIZERT 5,

fEN T, AKRERIE FIZI1T D PYZrsSO Dl BEFEHE &
TRD I, AT 21T > 72, F9 PY/Zr;SOe-HT H
D Pt O¥EIRRES . HAADF-STEM, XPS, CO /YL A
BLO XAS IZEVFRTZ, ZHODGHRERND, Pt
X PSS a7 -Ptv=/LDay-vx/VRI & LT, EWHE
T 1.8 nm O¥JE W A X540 T, ZrsSOo Btk ik i it
WCHF SN D Z &3 ooz (Fig. 2), ZrSOo IXHCIRES Fig. 2 Pt/Zrs;S0s @ HAADF-STEM 14

30t ]
20 _

i-butane yield /%

4 8 12 16 20 24
Reaction time /h
Fig. 1 mbutane FEMEALEISIZIS T 2 Al D
7-butane ¥R
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BB S FRIE R 2B T 572 2, FEE MR O Tl 722 < | BEAISER I L TR WS S b L7 &
HEanhs,

T, Pt/Zr;SOg-HT 1D
713809 OWVEARRE A FH T2,
IKFBIZRTLHLT D & Zr;S0y D &
MEEEE LR Lz, Z ook &
FT-IR JI7E Cix, & o zr
WZHBAAZ L7z HoO (Zr-Ho0) |

R 2 WA B S - 2

Enb| KFREITTTIT HO 28 !

S e HZQ “f &:- 3' Dissociative

Z L CREMERESIER L a. - -' 1 ( =
> adsorption

£ 2 5N %, Insitu FT-IR MIE % g -}

CED ., RISERETH D adsorption

210 oC lJ\T 16 ﬂk%%ﬂ Flg 3 7k$/§\{}lj:b‘l: Pt/Zr3509 J:T ZI‘*Hzo 75§$Ej€ﬁ‘5%%

(e & T )TEJ Fﬁ & U\%‘ﬁ - Local structure around Zr-H,0 in Pt/Zr,;SO,

Zr-Ho0 D3RR B Z & B35 1 Zr-H,0 formed by H,0 injection under He flow Zr-H,0 formed under H, flow

o7, T TR LNTZWRIT
He &% F. Pt/Zr;SOy IT HzO
BN L2 BRICAE S = Y
LA E—HK LTV, K
FXWM T, Pt L CHEEELZ H
JRA23 Z13S09 _EIZ A B LA —
SN— L. T Zr;SOy % ¥k
BT 28T ZrH0 B Fig. 4 Pt/Zr;S00 ECA U2 Zr-H.0 O T D E

S EfEEm L7 (Fig. 3),

fEU VT, PYZrSOg % 5%0-/He Wi T 500 °C T 2 h BALERL | 5%Hy/Ar L T, FTERE T 2 h KFREVLE
L. £ D% He &I F 50 °C % CTHEIR%. AT FC TPD JIE 21T 7=, /KFEETTIEN 150 °C-300 °C D &
=, H0 OBl (m/z = 18) 238Ul &L, Z ORBERI3KFE R ITTIRE 2N 250 °C D & X TR K ER-72 (H0
JiiffE R 0.65 mmol g '), Pt RILFFAELCRIZEERZ1T > T, PYVZr;SOo & IV T 5%Ho/Ar O Y 12 He &t
T TR 1T > CTh, HO BB REIZ/NE <, 0.16-0.17 mmol g! TH 7=, KFEIEITLIZ L > T Zr;SOy H O
TIESE DA KFAL XA, Zr-Ho0 D3 AERK L 72 & fda L 72, TPD THLH S 717= HaO BB & 2 2512 Pt/Zr;SOs-HT
1D Zr3S0 DALFAR A FHE L2 & 2 A, Zr3S0s7:0.3H0 & RTE TE 72, PY/Zr3S0o # /K FEiE T L 7ZBRIZ AR
9% Zr-H,0 13 He 5 FIZ 3N T PY/Zr3S00 12 HoO 23 A L 72 BRIZAS: 541 5 Zr-H,0 & [FAE T 5 (in situ FT-IR
FERED), BREOERTERT D Zr-H0 ERBEOFENEK T 5 2 & 287, Zr;S00 F D 3 D Zr 4 kT4
S ou3 MR NPKFE S, BRERRMTEEZEN2DY 6 Ze-H0 DSBS 5 &fbam L 72 (Fig. 4).

BEHR LY. Zr-H,O X Bronsted 8 (BAS) & UL CTHERET 2 Z L3> T 5, n-butane BMALKIGIZ 1T
RNV TH D LD, FUNERHT OKEXRIET) TELD Zr-H0 BNRIGEHREEBESIND, —H,
Pt/Zr;SOo-HT % V), No+H,O &t FIZ8WN T n-butane BMHALKISEIT o772 & 2 A IEMHEIZRNEIZ)D L.
i-butane DAEFIIISBALE 10 h LIBETIZE A E R b7 e o72, BAS & LTD Zr-H,0 OAIZ | b5
BUC LB EEE D b 5 L HEZR S D, PUZSO0-HT 12 XAS, XPS, DFT #1&., U VU IR MEEZIT- 7~
LA, KBRMTICBWTRATIMBEXR MG EICBNT, KZBRFNEELESN, B RY RBAEL 5 LR
WXz, ZNHOHEE IR, OGSEM T, PYZrsSOy 1 Zr-H,0 LK Ifaa £ U, mBEXR TR IR D
bt RU R&EBAS & LTO Zr-H0 BN L TT v h v BMALR S 2 #1745 SHRETX 1=,

u3 oxygen

3. ZEXM

(1) H. Hattori, T. Yamada, T. Shishido, Participation of molecular hydrogen—originated protonic
acid sites in acid-catalyzed reactions, Res. Chem. Intermed., 24, 439-448 (1998).

(2) M. Tao, S. Ishikawa, T. Ikeda, S. Yasumura, K. Shimoda, R. Osuga, Y. Jing, T. Toyao, L. Shimizu,
H. Matsuhashi, and W. Ueda, Acid Catalysis over Crystalline Zr3S09: Role of the Local
Structure in Generating Acidity, ACS Catal., 13, 4515 (2023).
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T/ ZHEERBERE RO M HORIK
FURRHERE T v w7 4 THRIFRRT 84 & e sl Ol 4

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

1. HAEEM

LA EHIZ B OMALE FE > TV . ZOMILICH A B2 WET D, ZOD, 5 TWERIRA 4
VRMAA, BEL ¥ 2T —r—T A il EEEREMEA B L CIRIA S S TW D, HReEZ FLIEREF O
=L LTEFR, &RA A2 & Z IS LI AELNL 70 B A EIC L RSk L, =RochICHAIE
L < #illfll S 7= ML S 2 R o B SR EAER S Cnd, TOMILFICIE, SEIERKEGT0F
By 1A REICRT 52 LN TE D, AHESESACIIZUEENL T OREEZE 2 5 2 LICk > THFLOK
T IS & O AAEHZ R CTE 27280, KRBT B ZFR bR B WM B2 & ~DISH IR S
. ZOEMMEICHAT R B EAIATOITWAD, LovL, HA MEL EHALNICHE S D 7 A oy v
DOFBEAEHOARE, W INTZT A My FR0B A MEFOEENRIE, HDHWVIET R My FIckiT 5 lAES
72 EOIEBEDEIRIZ OV TUIAR 0 THh 5,

FT= D 7 N —7Tlk, TivE THAE) A S RIS AR DIRMOF-1[ZnsO(0O0CC¢H4CO0)s] , HKUST-1 [Cus
(benzene-1,3,5-tricarboxylate),] , MIL-100(Fe) [Fe;O(OH)(H,0)x(1,3,5-benzenetricarboxylic acid),]<°MIL-101(Cr)
[Cr;O(OH)(H20) (1,4-benzenedicarboxylic acid);] 72 & DML D Fi7e 54« O L AMEA S BEHAIZ OV T,
KRG TFRBES T2 W ST L & OMEBBEIHNCOVWTONTEEIT->CTE, —RICEFTA MR EDM
A2 0mE D /NS 7 B LTS A My FOBMREBGITE Z 5R N EFhILTWVDHR, T E TOMFEIC
Ko T, AHEERESEICE SV E IR BRSO L 0 RBIG 2 RT 2 R TE Tz, §F
IZIRMOF-1 AL LI nmB L RL.5mm) [I22oWTiE, _vtBy, My, 7 a~fvr, MiEkx
R Lo OB AW ST 1256, V7R TIERELE OB % T WE D320 DR THfE 2 Mis
BIRZ R L2 W SN GH DN
RS BRI BT 5 70 & DR 7R BL
ZrHEHE LTS, LA L, IRMOF-1i%
KA CREZETHY, ZERF DK T
KL TCLEMERH D, —F
T, HKUST-1 G#iFL£2A%0.5 nmds & 1009
nm). MIL-100%°MIL-1015% (i & &
HMALAEAS2.5 nm~2.9 nm) (F/KIZK LTl
HETHD, Lo, MILES/HI N
HKUST-HZ DWW T, J8VA A h-F7Z K
FAEAER IS LB b5 R R il
BB S, MIL-1005%2°MIL-1015% T
(WK O R - BEEICBIR T D & B R
OILDMEEBITBHI STV D28, HHER
BT > WEIIEF I 7 v — Riz7e > T
Y. IRMOF-UT Wk S 7= G013
RTHR RS & 137 > TRy,
AVTITHIALEDR RESBRLTND &35
Z 5D DT, IRMOF-1 & [FAIFEFE DA FL
RERbL, ZZ5H THLIERMOF-808
[Zrs05(OH)3(BTC)2(HCOO)s(OHy),] (Fig.1,
AMALELA nmB L9 nm) (oW T, & Fig. 1. MOF-808 D fi ik,
ATV, W LT2KB X OE#EYE O
FRERR 258 2 5~ 72,
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2 ﬁﬂ%ﬁ‘i% ~Henting
MOF-808 % Y /LR —~ /LIEIC L B ARIES Y T
bD Z EHZVN[1], AENTLLT O=EIREIER2]
Z Wiz, kY L3 = A (ZrCly, 0.24 g, 1.03 mmol)
Z 30 mL 4 7 A ANTZFEE K (2.7 mL) DR
AN %, IR T 12 RefEGE L7, 1,3,5-X
B R U BILAR UEE0.072 g, 0.343 mmol) & I

X R U, SUSHENT L IR ILE@ICED S §
Ttk WRAEOBETED, ERpEKBEOA 4
5 ) — L OIETH e Lz, WRRBLEZET 3
T120°C, 12 BERIREER S, (A0 MEIE MOF-808 & **
BB, BYK X M EXRDIC K B RED 2%

WEER VLR —< B ARE LY biEEMED
EWHEMRE NS Oz, Tk, BZET A T
freeze&thaw {EIZ K Y R L= F+HEME DRK %
B2 &, MALNIC A A Ny & W L 72 MOF-
808 & 1537-, DSC MIE 2% TA #:Hod Q-100 & AU >,
Wik B e R 2 A SN B FRRIEEEE 10 K/

1r%

% | =

3%

2%

min, LA K 100-300 K THe 0 3 LIIE 2175 77, 124 174 B e
7K % Wik L 72 MOF-808 ®DSCHiI#f % Fig. 21277, Fig. 2. /K% Wik L 7= MOF-808 ¢ DSC 4.

KHIZEBWT% TR LT IR KR RIS
WREIETH D, WK 48-190% DL TIH273 K
IRPURIPAVIP/ oY T AN TN BT & S N

HlEiiz, L LIREKIZOWTIX, 170 KAHET *Hendog

NG AGEHE TS AT v FIBESNDDRT, M »

R R B B 2 B SRR Ao 7o, T D% ©

B132.0 nmEL T OHIFLZ FFOMCM-41 0 55 & R 3 © _
TH Y. MOF-808DMIALEN1.9nmTdH 5 = & L4F o e @
é\bfl/‘éo % 125%\ \\\ ‘E“"—\

O N MIHEAL R 5 & Wi L 72MOF-808 DDSCHif 2 \\M;::Hm\v\ )

#Fig. 31259, MOF-808 I mold7= ) fr Ak C88mol 3 e a;\ﬁ\\hij\\
DOCLAEWE LT, W RA20%El BT ALY T o “‘“HHHH‘$~\ i
ORFRIZ L 5 L BEX LN BWHE —2 D251 KB 3 m::::::::“rQQ“HJ

B E AL, Fig31213R L TWDZRW L 7 CCLS K WMHHHMMHH;::::E§§:F£>\
FNZAFIET 25 E 13X v 7 OFEMEMHERIZ L D N

W — 27 @226 KD BV, 7o W 144 % 7> HE;:::EEE§$
5122% DOFREHTIE, @181IKAFITIZ 7 v — K720 2k

E—7 . @300 KT HBER OB LA RN, B v " ® T ” m

BeIR O AT B & O S ST EIRM A~ & B
B L. hEL oz, 144%7 520% 0 Wik s B 2
HN=R)B L VC@OWE L — 7 [IMOF-808 (W jik
S AT UL PR SR IC BE 3 2 BV H 72 & b 2 03 R A3 100% LA OFRELFCH v 7 OFfifIC L 5 &
ZONDWAE—7 ONERIESND Z ENnD, ZORTIHRE CHOBESEZ D, — BRI N 7-CClyy 1
BMOF-808'F# b SN TWa bt EZ b5,

Fig. 3. CCly % Wi L 7= MOF-808 ¢ DSC Hh .

3 BHR#X
[1]1 H.Q. Zheng, C.Y. Liu, X.Y. Zeng, J. Chen, J. Lu, R.G. Lin, R. Cao, Z.J. Lin, J.W. Su, Inorg. Chem. 57, 9096 (2018).
[2]1 H. Su, J. Hou, J. Zhu a, Y. Zhang , B.V. der Bruggen, Sep. Purif. Tech., 333, 125957 (2024) .
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SYRF : BREE - AL PRI
ERL¥RE DOREZHE & B - BEARERIEA~DFH
FURRERE T 027 4 TR OMURHER], WA, S s

Control of oxide surfaces and application to acid—base catalysis
by OTakeshi ATHARA, Wataru AOKI and Keigo KAMATA

1. BAREH

e « MM IX, A LS « XA A~ AEW - T A U I NV RERR E BRx il T a2 X T
SNHHEBERBERTHS 12, —KIC, BIEMREOEGED T AU ITEERE LT, BBEA T IIERR e L
THRETHIZENALNTWND, 2O ORFREOMBEREIL, B - HIEABEME A2 HIE 5 L CIEFICE
EThDH, ARETIIHFICS0 T 2D NBRIEWITER L, BRSSO OB AT I 5 2 5 8
& BSOS/ D LTS ME & Bt L 7= 45,

2. HAERRE

2.1 TigAROITRAA bF/ HFDERELLRETE
Ti A7 A4 Mgz, Vo a@gas vk

Sol-gel {EIZTHM LTz, Ti & LT Ti(Oi-Pr)s, 747 Y

I B - LK - U v TR AKITIEAR, FR% , ,

HEET 5 2 & CHIBREOR R E BT 18 bR = 25 o ST )

Pw

FRPTBBK XCHIR LK FHREZERUVEXT |
ShBERSBERR T 52 L THHORe 7 A H A MNE{tmxs &

7oo Figure 1 [IZIXfG 6N F Z VEA b r o F 0 LD XRD E* SrTiO;_N,-air
PP = ERT, TANY LEREE Cas St Ba LEZ 8 (23 nm, 46 mg”)
5 LT B SE A BB n T A A Molk  E

T LE /8 — U BE BB S T, RSB — 2 BaTiO,_N,-air
b 78 EORKICH KT D37 — TR SR o (21 nm, 18 m?g~")
7= F£7= Scherrer AL VW HEH L= M ABIE, 20-30 nm

ERAED DL WTHOMEBHZB W T mfiE~a 7275 ]
A b7 RFOERRITKRED Lic, KFEICE VG678 10 30 50 70 20
OHTH SITiOs DR EFEIL, 46 m?> g EHE MBS, 2 20 / degree

DOIEIZ. BT I v 7 2D EIETH HEFEIETH  Figure 1. XRD patterns of CaTiOs, SrTiO; and BaTiO;.
7= SITiO; D 10 5Ll ERE 2 fE T - 7,

2. 2 BEEMEOXVYIIZIE—VIV

B"BONTZTIBAENT T AHA MR HONWT, flx DT a—7 72N aitic X | BEEE %
et L7z, Figure 2 ()IiX, MEMREICWAE LY VD IR ALY hvZaoRd, HENEZ RTEY Vv
ISR EHR I O Lewis B8 AU AT DA, £ O3 RiZ 1450 em™ fHTICBII S D Z ERF LTS 6 W
TAILOMEHZIB W TS Lewis B RO /N RARPIREICEBLR S 7= 2 & 6| Lewis B A DAFIEN R STz,
BT, NV ROEEN SR L-iREOFFI%, CaTiOs (27 pumol ™) > BaTiO; (20 umol ') = SrTiOs (19 umol ™)
Thotz, T2, BMEDTTHD CO &7 r—7 & LTHWZFIRBBEE S AR i oA E 2 Bt L
2o WITNOMEHZEBWTEH CO DBBFICH KT 2 B — 7 SR S22, 1 CTH SITiOs (X HIR F Thg/aw
v — 7 BB & A7z (Figure 2(b)), =D Z L 1d. SrTiO; DFE AN HRE ORI S OFEZ RER LT 5, it
e — 2 OEENSHEEEZ AL 72 L 2 A TOFFIIT SrTiO; (137 pmol ') > CaTiO; (60 umol ') = BrTiO;
(45 pmol ) THh 7=, LI XV | SITIOs (3D Ti GH L0 7 A H A ML & il LT, 2 < hosfu ik
REFFSOTWAHZERHLNE RS T,

2. 3 ROJRAA FRIEWT / MFORE MR
fill 2 O [ AR EE 2 JH D CHUR A 208 - MR SOS E LTH LN TWD R AF ALY LT T =R
(TMSCN) Ik 27 N7 =/ QayD>T /2 U IBRIS E T LTz, — B9 AR Al 72 & ONC B R

P43



- L‘ ﬁﬁj’%:’ﬁﬁ%iﬁ%ﬁ% — Research rm

Research result

Ca ri()3
(60 pmol ) | 0.05

RS LTHWOND T X ’

—ATiO; ¥ Mg(OH), & V8 (@ |00 - CaTiO, (b)
e Y WLl e
ST, Ti GARaT AN © é Iy ’s‘7pmcfl ),
1 MEEMAERNCTHZ L TH & SITiO, £ o

BMoARY Q) NDEL N T 'g "\/\/\(l‘)}lmol H § ?E,

N = @

(Figure 3), T CTH SITiOs 13 b < \_\R/\x g\. - R
EORBLEYE 2R L2, T h i BaliO; O ooy

) (45 pmol™)
% STIOs ARTHHE S C b HHIIE A pvrxﬁiiijky Y e

<AL TWEREDTHD L
EAbhbD,

T Table 1 121%, SrTiOs %

FAWT=FE 2 D VR = L&Y
KT B VT JALEE Figure 2. (a) FI-IR spectra of pwidix.)e adsorbed onto Ti-based perovskite oxides. (b) CO,-
DR A R, AR 8 R I'PD profiles Ti-based perovskite oxides.
DHNVHR=MAEETRE L TRWIER TH O AR Z G- 2 7c, A FNVEOMEIZT BT IS BAFICHEST
L (2b-2d)., F7odEXMES « WG IMEICHF S TEmWIERTAERY Z 5 2 72(2d, 2e), S DITAMBEIT, mEn
T U= b /RS B (2g) + ap-AREIFS B Qh)ICK LT HEISIRETH o 72, PLEORER X
. SITiOs; IF A A RIS & DN RANC A9~ 2 BREE AL TH 5 Z L AVR ST,

L [ S S | | L [ S— |

r LT | I 1
1650 1600 1550 1500 1450 1400 373 473 573 673 773
Wavenumber / cm Temp /K

o Catalyst TMSO, CN Table 1. Scope of Substrate for Cyanosilylation of
ph-'l ~ T TMSCN ————> Ph Various Carbonyl Compounds with TMSCN over
1a ice bath 2a Sr10,.°
100 0 SIMO; TMSQ_CN
.+ TMSCN ———— M
T R” R ice bath R* R
S T~ g ' o'y
5 50 ' wiJ AL
;—_, 4 23:99% (0.5h) 2b:o- 99%(1.5h) 2e:97% (0.75h)
2c:m- 97% (0.5h)
25 - 2d: p- 92% (0.5 h)
9 TMSO CN
S TMSO, CN . omMs
0- DAL Ay (T
> o ~ 23
<97 «O% 4O% (O° O N & 21:91% (3 h) 29 99% (0.5 h) 7h: 87% (5 h)
S & P P e N
# W
>
,b(‘
Figure 3. (a) Cyanosilylation of 1a with TMSCN over various 4 Reaction conditions: SrTiO; (50 mg), 1 (1.0 mmol),
catalysts for 15 min. Reaction conditions: Catalyst (50 mg), 1 (1.0 TMSCN (1.5 mmol). toluene (2 mL). ice bath (275 K).
mmol), TMSCN (1.5 mmol), toluene (2 mL). ice bath (275 K). Ar  Ar atmosphere. Isolated yields were given.

atmosphere. ? Synthesized by solid-state reaction.

3. ZEXM

1. H. Hattori and Y. Ono, Solid Acid Catalysis: From Fundamentals to Applications; 1st ed.; Jenny Stanford
Publishing: New York, (2015).

2. Y. Ono and H. Hattori, Solid Base Catalysis; Castleman, A. W., Toennies, J. P., Yamanouchi, K., and Zinth, W.;
Springer Series in Chemical Physics; Springer: Heidelberg, 101 (2011).

3. F. Polo-Garzon and Z. Wu, J. Mater. Chem. A, 6, 2877 (2018).

4, T. Aihara, W. Aoki, S. Kiyohara, Y. Kumagai, K. Kamata and M. Hara, ACS Appl. Mater. Interfaces, 15, 17957
(2023).

5. T. Aihara, W. Aoki, M. Hara and K. Kamata, Catal. Today, 428, 114448 (2024).
C. A. Emeis, J. Catal., 141, 347 (1993).
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Design and exploration of novel inorganic materials based on computational science
by OFumiyasu OBA, Teruya NAGAFUIJI, and Akira TAKAHASHI

1. BIREH

WS OB - BRERES = 2L X —FR 2RI, MEREA~OERIZT-BHL 2o Tnod, FHLE
PERETZIT T BEICHFET 2RI L VRS L, i TEVERSEREZ AT 5 X5 RN EER
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Fig. 1 Formation energies of selected native defects and H impurities in La,SnO,S3 as a function of the Fermi level under
(a) the cation-rich and (b) the anion-rich conditions. The type of defect is indicated by Xy, where X is the vacancy (V) or
element and Yis the defect site (i is the interstitial site). S1 and S2 denote two kinds of non-equivalent S sites in La,SnO,Ss.
The range of the Fermi level in the horizontal axis is given by the valence band maximum (set to zero) and the conduction
band minimum. (c) Relaxed atomic configuration and isosurface of the squared wave function for a one-electron state of
[Vs1? + (2e)st]*> (=Vs1?) in La;Sn0,S;. The isosurface corresponds to 50% of the maximum value.
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Development of new evaluation method for quantum states in electron-phonon coupled system
by oKazutaka G. NAKAMURA
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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

Solar hydrogen fuel has sparked substantial interest over the past half century, as it has the potential to
meet the growing global energy demand. The utilization of solar energy produce hydrogen over
semiconductor photocatalysts has realized the core concept of sustainable energy development. The
upper-limit of the solar-to-hydrogen conversion efficiency is governed by the light absorption capability of the
photocatalysts. Extending the light absorption range to enhance the photon harvesting capacity is therefore
indispensable for maximization of the photocatalytic activity. Note that the energy distribution of solar light is
approximately 6.8 % in the UV (A < 400 nm), 38.9 % in the visible (A = 400~700 nm) and 54.3% in the near
infrared (NIR) (A = 700~3000 nm) ranges. The photons produced from NIR irradiation with a wavelength
longer than 1000 nm represent a vast source of untapped energy. Most photocatalysts developed thus far
are only capable of harvesting the solar spectrum in the UV and visible ranges. There are few choices
among the currently available photocatalysts that can respond to NIR irradiation. The creation of NIR-
responsive photocatalysts has therefore been seen as a prerequisite for realizing wide-spectrum-driven
hydrogen production.

2. Experimental Results

In this work, Au@Cu7Ss4 yolk@shell
nanocrystals were first characterized by
transmission electron microscopy (TEM) to
visualize the microstructural features. As
displayed in Figs. 1a-c, Au@Cu,S.
possessed a yolk@shell nanostructure, in
which  an individual particle was
encapsulated in a hollow shell [1]. Note
that the yolk nanoparticles were randomly
distributed within the shell, suggesting that
they can move freely inside the hollow shell.
The movement of the Au yolk inside the

Cu7Ss shell can be witnessed by real-time i s

TEM observations. The results of high- : : b flee \
resolution TEM (HRTEM, Fig. 1g), selected ) il Lt

area electron diffraction (SAED, Fig. 1i),  [SSESEEEEgt i

energy-dispersive ~ X-ray  spectrometry : d 024 J

(EDS, Fig. 1j) and X-ray diffraction (XRD) e ;

analysis further confirmed the compositions S : ; . !M
of the yolk particles as fcc Au and the shell - d Lt

as monoclinic Cu7Sa. In this study, three Au Fig. 1 Microstructural features of Au@Cu:Si. TEM
contents were employed to produce images of a 1-Au@CurSs, b 3-Au@CurSs, ¢ 5-Au@CurSs,
Au@CurSs with gradually decreasing void d pure CuzSs, e pure Au, f Au+CurS4. g HRTEM image of 5-
sizes. As determined from Figs. 1a-c, the ~Au@CurSs. h TEM image and corresponding i SAED
void sizes were 65.7 + 5.6 nm, 40.0 + 4.6  pattern, j TEM-EDS mapping profiles.
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nm and 26.5 + 3.0 nm for 1-Au@CurS4, 3-Au@CurSs and 5-Au@Cu7S4, respectively. The controllability of
the void size enabled us to explore the influence of the void size on the photocatalytic efficiency of
Au@CurSa.

The comparative results of solar hydrogen production are displayed in Fig. 2a. There was nearly no
hydrogen produced from pure Au, suggesting that Au colloids were inactive toward solar hydrogen
production. Pure CuzSs, on the other hand, showed a modicum of activity, reaching a hydrogen production
rate of 25.1 umol h.1 g-1. Compared to pure CurSs, the three Au@CuzS4 all displayed an increased hydrogen
production rate, disclosing the beneficial function of the Au yolk for enhancing the photocatalytic performance
of CurSa. For the three Au@Cu7Ss, the hydrogen production rate increased with decreasing void size, with 5-
Au@CurSs showing the highest hydrogen production rate of 211.0 umol h.1 g-1. To elucidate the cause
behind the enhanced activity of Au@CurSs, the AQYs of hydrogen production were measured under
irradiation with monochromatic light. As shown in Fig. 2b, pure CuzS4 and 5-Au@CurS4 exhibited similar
spectral features with prominent AQYs across two distinct wavelength regions. For pure CuzSs4, the
protruding AQY at wavelengths less than 700 nm was related to the sub-gap transition and band edge
excitation of Cu7Ss, while the prosperous AQY in the 700-2200 nm region originated from the plasmonic
excitation of CuzS4. Compared to pure CurS4, 5-Au@Cu7S4 displayed much enhanced AQY across these two
wavelength regions. It is important to note that the AQYs under NIR irradiation attained by 5-Au@Cu7S4
(AQY = 7.3 % at 2200 nm) were substantially higher than the values of most of the NIR-responsive
photocatalysts ever reported. The achievable AQY of 5-Au@CuzS4 under visible irradiation (AQY = 9.4 % at
500 nm) was also comparable to that of other state-of-the-art sulfide-based visible light-responsive
photocatalysts. Note that there existed many sulfides photocatalysts exhibiting high hydrogen production
activities. It should be, however, pointed out that those efficient sulfides photocatalysts were merely
responsive to visible light rather than NIR irradiation. There are few choices among the currently available
photocatalysts that can respond to NIR irradiation. In comparison with the state-of-the-art NIR-responsive
photocatalysts reported so far, the current Au@Cu7Ss exhibited a record-breaking quantum yield of 7.3 % at
2200 nm for hydrogen production. It is also important to note that the currently reported AQY was pristine
without the aid of any co-catalysts.

a b

.—;11“30: = ‘I—Au@Curﬁq 2 10- Y A E-Au@Cu754
5 1200 4 —8— 3-Au@Cu;5, . y 4 W— Pure Cu;S,
E 10004 A-S-Au@CurS, S ] AADA
=" 4 —¥— Pure Cu;S, A = ad A
T 8001—9-Cu;S, + Au = AMSK
g g00 4 —d— Pure Au A /. E 4 A
8 0] < Jg | 4 W
& 2004 21 )'% ]
- S 7 ﬁﬁ'
0 0+
¥ L L AL L A L N L L
0 1 2 3 4 6 & 300 600 900 1200 1500 1800 2100 2400
Time (h) Wavelength (nm)

Fig. 2 Activity for solar hydrogen production. a Comparison of hydrogen production activity
on six relevant samples. b AQY values measured under different incident wavelengths for pure
Cu7Ss and 5-Au@Cu7Sa.
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Synthesis of negative thermal expansion material BiNi;..Fe,O; fine particles from amorphous precursor
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532 eV IO vy POKEE= R AT —MH (529 eV) (T Ly VE—S (b)

BRSNS (Fig. 1(2) . ZAUE BINIOs 12 R 545 Z & 75 Bit* (652Ly) e N |
WCHETHZHLOTHL B2 OND, £, Ni L 5D AT MVIIK 35

HONIO & 13725 TH Y, NIOOH LEPL TS % UkoZens € — BNFO_precursor
7T 7 ARBRIE BTE N E G, BAGAZRNES 2 r
BiNipgsFeo 503 Z &k TE 5 LI &S5, IS

2. 3 ANEEEMHMFOEHK 850 860 870 880
T3y s ZREHE, RO BRI AR A U C iR CHER T B FAR Energy (eV)

BRICEVEDL - LN R TH D, LoLAaRE, EHKSETE  Figl 7EALT 7 ARTEEOR X #RIIT
JFEPRL - R COTRIEH DO 12O DT VX — N8 b Rsis )6 A~Z B (a) O K ¥, (b) Ni L i,
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FECERT D HRERY OFEDT-D, BROHERSS £ TICEMRBEOBER L | &P COMM-IRA N LE L
2%, TOBCRIREZ IR 323, SE&GOIZRBEMRILT L7 7 A0 LEEBHENERT S, £
2T, FEREOMBIC LY RSS2 EEIFEL T, B A 2 2 T G E AT, 6 GPa O
EE T T90CE TS5 oM THIE, IREZX—74 51 % 305, 54, 03 EZTAREIToT=, T Ok
B WTHOREHI B W T BiNipgsFeo 1503 23
R LTERY ., BILAlZ2 LOAKAETH D @ ' '

Z LR kT (Fig. 2 ()., - EBTE A L
BT DR OB AT o7 & = 5. 30 HIIE :
PRFF T 15 pm BREEDS KT o o 7RI 557

(RF5IE S pum, 0 A REECIE 2 um £ TR 5 omin o
ZERbmots (Fig 2c-e), HIEETORS 5 6 7 8 8 10
%Xﬁ‘ilﬁl?ﬁ/\"&“—‘/@%—%/\ﬂ/ }‘ﬁﬁ:ﬁf*&b 2 0 (degree

o BN FARREIREZ (b LY . ABRE R~
ZEDHER ST, 30 OB XY B S
7o B O RR B ARAR ER 1 E-158 ppm/K TdH 5 A3,
INEARER 2080 5 3 2 &1 XK » TR 2 FRIR 1
720 5 S INEOFEFCIE-76.8 ppm/K., 0 43 IER
DOFEF T, -66.6 ppm/K & 72 o 7=, IKFEE(LD
FHHEEDL LRV, ki bd 52 & T,
KU JRWRER CROBWRZ T X912 -
e DD, TERTDOBII T X 25
BT TIERENS L aBES RS 2 Fig2 6 GPa 900°C30 43, 5 4%, 0 4y O MERERH C137-
b BTN, AFRETEONI-MEI T TIE%  BiNiggsFeosOs D (a) B X #EHF N7 — 2 (A=
DX I BRBIBR LN, ZD XD kit 0413854 A), (b) U — h~UL MEHTIZ X 0 BEH L=
BEGEIE. TEAT 7 ARBEN S OEES S R AARRERE L, (ce) EAE MR
{BZENLEFETHDHEE LD,

30 min h '

5 min

Intensity (a.u.)

Unit cell volume (A)

Temperature (°C)

2. 4 f{15%

AWFFETIE, LERIREPE L RBRAY R IRGEN A £ > TV 5 ABEIEM B BiNiggsFeo150: D, mEA D 728
DRIBRAEDOFIREVE 2 B LTz, MR OISR A2 K kT N U 7 A - SRR N U U NEA KB RIS
T UL, LML ZRIRFCIT S 2 & T, BEER O B, NI Z2 G L7 BT 7 ARG EHE LD Z &
ERIM LTz, EHI2, ZOT7ENANT 7 ARBMEE &L FCIMEVT 5 2 & CEEANMENSE S, EREE oM
B X0k A2 ER 2 2 B ITP LT,
55N ABMIEMR - OB RAr — VT v T HRHFF SN D1E0 . Z O/ K TIEE Mo B &R 1A A4
B E TR OERIZ HIEE D L L T D,

3. ZEXHM

(1) K. Nabetani, Y. Muramatsu, K. Oka, K. Nakano, H. Hojo, M. Mizumaki, A. Agui, Y. Higo, N. Hayashi, M.
Takano, M. Azuma, Suppression of Temperature Hysteresis in Negative Thermal Expansion Compound
BiNi;—xFe O3 and Zero-Thermal Expansion Composite, Appl. Phys. Lett., 106, 061912 (2015).

(2) HEHHER, B IEMT, FALRIE, f2BF 43, Kenneth Poeppelmeier (7 % A R v~ A ¥ —), Ryan
J.Paull (T4 7 > /"0 AENZRIEM B OBGE 51k, BRI B O BOUSRTERMA O R T7 154,
ABZRIEM B O BOSHIBRA, 3 L ORBUZRMAT B, %S - W02021/172525, HIEH : 2021
F2H26H,

(3) M. Al Samarai, A. W. Hahn, A. B. Askari, Y-T. Cui, K. Yamazoe, J. Miyawaki, Y. Harada, O. Riidiger, S.
DeBeer, Elucidation of structure—activity correlations in a nickel manganese oxide oxygen evolution reaction
catalyst by operando Ni L-edge X-ray absorption spectroscopy and 2p3d resonant inelastic X-ray scattering,
ACS Appl. Mater. Interfaces, 11, 38595 (2019).
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Efficient ammonia production with aluminum hydride supported iron catalyst
by OMasashi HATTORI and Michikazu HARA

1. BAREH

T = TIHEFIER O E LTHOWH, FERM 18 B R b AR SN aREERLESLTHY . AN
BNz, ST ETEEREENS, TENRT VBT ARIIEIR « &F S Tt 2 v CiTbi
TWAHR, ZOEITMERIC L - T2 O A 8 2 2 AlEiE 100 L0 EH#E ShvTunen, FERrN 7T
BLOWMEBZEZDHE, TUE=TERIZOPND =RV —{HEITEL BB E s 2 RTINS,
T3 SR A (0] 2 PEEE 2 7= 3 i oo BRZS 1 3H RUBO ISR I TN TR W | v E T Ru ikl 2 & &
T FE LRI FHRF U 72 i CIXE B AT 72 0 C TSI 2 LRl 2 e 2 R At 2 < M Sh T b
B, LavL, TEMICHBLIBEOMRONTZT T MIEED THWON D728, MBI IXAREA Y 720 T
BENIIEEEZ RT ZERROOND, TNETHESN TS, EEEA Y20 CTENZIENE 2R3 kit x
BHEEORWEEAZ WS 720, RN 0 OFFMIT T ERASMEL TR 5, —5., 205 OHEE4Efit
BE L X OEIE R FFo, HEREE OB WA ERL IR & FLEF U721 T AR Y 72 0 OfbBETSME & <
BT ENHIFFEIND, RHE T, SRR FICKFET VX = MMEEM 2 HEE U7 RBES . T3 A ekt
Z BRI D RFEYS 720 OFEMEE R LT,

2. IEHRE
2. 1 MERRSLUFYIIRUE—TaY

fR AL ILL T O FINETIT - 72, WHERER. R
THAI=U A HEALY T A MY T7F 0 R
I U To KBS IR 2 288 i [l 8% . R Iz T
450 °CTRERRL LHTBMAM R & 157, 7pd5. Z DI,
/LT Fe:ALK=50:1:1 1272 5 K (il L7z, =
DOHIEEB REZ T V=T AREFAKT (Hy Ny
BE T AWIEEFAS T 60 mL/min, HyNy=3) 2T
400 °CTiZon L, M4 1572 (AIH-K'/Fe),

Fig. 1 2% L 7=l TEM $ & O TEM-EDS
BEEREZ TR, Fig 1 X0 YR 46 nm O Fe
R7 BIZ AR X OV K FE 0 B S 7o i E s

BENT, —F. AIH-K'/Fe B LK Ao i
B (AIH/Fe) @ XRD /3% — (Fig.2a) 75 IL Fe  IRelAlNSE — .
WCHRT D8 — 7 OBMER I L, Al fli, K o1k Fig. 1 AIH-K+/Fe ® TEM 3 £ O* TEM-EDS %l £3 1
FIREBIZOWTOERB G LN 200, Zhb A=
DOfhfiED XPS 2227 kL (Fig. 2b,e) 7251, K 7l
DK OIEMTHD Z & AL ALO [ICITVWLEICE — 27 BNEND T2 ABTO/LAEMTH S Z LIVRIES
b, —7F. AIH-K'/Fe, AlH/Fe ® IR A% kb (Fig.3) Ti&, 1730 cm’ fHIiZ AI-H & ICHKT 5 B —
T IHER S, KBTI =T AR EINT AIFERHEEL TWA Z EBHAL N o Tz,

AIH-K'/Fe, AlH/Fe |ZWka5 L7=%H# D IR A7 kL (Fig. 4) TiE, 2010 cm! FTic & — 27 BREND — 5,
Bhi v (p-Fe) OWAEZEFED IR A2 hLTIE 2030 cm fHTICE— 27 BNEND, Z ORI HEIX. AIH-K/Fe,
AlH/Fe |2 LT EH TIIEERBANMPREL TS Z E2ERLTEBY ., AIH-K/Fe, AlH/Fe T2 H iRk
MEEINTWD Z ERRBINT-,
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2.2 REE  a -
HE o = | Tt J& AH-K‘Fe| E g
Fig. 5 |24 fik § 24 JJ"L AHIFe % ‘.,3,
> 300 °C. 0.9 2 27 1 > >
MPa (2B 5 > 30 Promoted-Fe| & a
I (Fe+Al:K+Ca)| &2 2
HEYZDO g '_Jl_/j\"% E £
y . £ .
fiskt S8 7% 1k 5 & | claofe'af"on ?Fe: IFe»:;ITOf 1 - ~A
o I T T TR MR I T VAR
O filh 5 7E 1 % egree inding energy (e' inding en
?;;E;i Fig. 2 AIH-K+/Fe @ XRD /3% — 5 LT XPS A7 kL
B -
DIEMEIZ B W
T, AH-K'/Fe OIEMEIT TEMSAMSE A ER 525, @
HEINTWDH T d W WIEMEZ £ Ru #HEF Ba s ) AIH-K*IFe
Ca(NH.), (RwBa- Ca(NHa),) ! O3 LA F O L 725, @ %I""’Z
—J7. RRNTE D OIEMETIE, Ca(NHy), DEBHEED g
INE &5 RwBa- Ca(NHo) 1BV T H THRMBAME 3
ERIBEOIEETH S, Lol AH-K/Fe (28T g
. BRHIT& EICHIE S NTH 0 REREREASEHS . K 3
BEST2 0 ORISR 725, £ LTZOMMETER %] e RO i~
Srfibit 2 Kx < EFEY | 3{EREOEEZ TR LT, AP N e
“1800 1750 1700 1650
Wavenumber (cm™)
Fig. 3 AIH-K+/Fe 33 L TV AlH/Fe @ IR A7 kb
urface riNH,w rNH,v
_ @:@20[10 AlH-K*/Fe Catalyst sa:a1 (mmol h"g-") (mmol h" mL")
E Elocor e w0 s w
g AIH-K*/Fe 13
< :  AlHFe trduanaiony | 2
g V _evacuation p-Fe 18
£ 2040 T Ru, Co, and Ni
g catalysts
< We Ru/Ba-Ca(NHy), | 101
Ru Catalysts 37101
T |2l1|0|0| l2|0|5l0| |2|0|0|0l |1|g|5b| TT Co, Ni Catalysts 42-83 s l(—r
Wavenumber (cm)
Fig. 4 AIH-K+/Fe 35 X O AlH/Fe [ZW 3% L 7= % Fig. 5300 °C, 0.9 MPa (23515 % 45 fil it o> B &2
FEDIR AT b L 720 B L OREE Y 72 0 OB 14
3. &EXH

(1) M. Kitano et al. Self-organized ruthenium-barium core—shell nanoparticles on a mesoporous calcium
amide matrix for efficient low—temperature ammonia synthesis., Angew. Chem. Int. Ed., 130, 2678
(2018).

(2) K.Sato et al., Barium oxide encapsulating cobalt nanoparticles supported on magnesium oxide:
Active non—noble metal catalysts for ammonia synthesis under mild reaction conditions. ACS Catal,
11, 13050 (2021).

(3) M. Hattori et al., Solid solution for catalytic ammonia synthesis from nitrogen and hydrogen gases
at 50 °C, Nat. Commun., 11, 2001 (2020).

(4) T.-N.Ye et al, Contribution of nitrogen vacancies to ammonia synthesis over metal nitride catalysts,

J. Am. Chem. Soc. , 142, 14374 (2020).
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Design and development of eco-friendly high-performance thermoelectric materials
by OTakayoshi KATASE, Xinyi HE, Masashi KUROSAWA, Keisuke IDE,
Hidenori HIRAMATSU, and Toshio KAMIYA

1. AREH

A ERUCEEAR T 2 [BVEL ] 13, R X LX —2 605 HT 280k & L TifFS LT
W5 VBB O RIZ MBI O BRUGER o B — v 73S S+ BVRER o THF MR ZT (=820 Tk ")
TIN5, ZT N 1 BREOEERE IV a7 At (BiaTe; %) BVEMEBINEMRILEN TV DEN, fidd)E -
BHELERETOMEN DV . REFE L BERMICHOEEIC

STWD, —h, BREFRMBAEMEE LT 7 201 Mg SITIO; XME. Bi;Te,
B9 SITIOs 2851 TV B A, ZT AMEO 7= DICEE 2 EEIRIC | ARomE2 |0 55-0mA | x Tens5-0m <P
WET DB MNETH ST, @ ZT OFEBUIT, K& S, | mtt lo mL x 91 (Te)

B o (HAKET PF = o) LRV« DEREND, EAME  [rgea |« oo o ~0.8

BiyTes (3, i PF &K« (2 &0 SERAHIE T ZT~0.8 279 (£ 1), So@ER |0 I6mMWIMKE | O 3.3 mWimk?
BT F—7 (La{@#) L7 STiOs 13, BixTe; & [AFREDRWVPF [ aza Ix P PESEe——
TS, k DK LR < (e v U THRBOBEE) )1 7 2R A %1 VBB R B SITIOs & 22 F VG
B2 T 72 \) . ZT DA=EIEAHT T 0.08 A TRV, BBk D BB} BiyTes OB + H5ik o Lriis,
FIR T D E k WK S E 22003, @& ZT kIS Wi 728 T
H %5,

HEOBALMIT BV ThHY, BYREIZH G T2 EERRENT L TREYARITEMNRELS 572D
CBMABERNELS 2> TLEIBEMICH D L,
FZTAMETIZ BE OXu 7 AT A M (a) ROTANA MEE ) (b) “RROTRNA MEE
WL FA A DELE NI 72 > T 5 i — A AEIRAA iz

BT ANA MEEEHT S BasBO (B = Si,  sog wl . 2 OREAE Ba?*

Ge)lZ#ER L, it 7 2 A MR TIE, a. O _sunowa . o}-i?uﬁuo-sa&ﬁa
T AGA S A A DR L R0 s RO loide
A HERER DB A A LIaA A% AR : 0

B2 M > TN D, D7 BasBO O :

[XETHED Ba %< A4, 35 O~ Ba s - — -
MERDELDVERETLTNDZ L RN S¥ERN
BRI C & | L BB MR B BEOSa T A A M (1) & B a7 Ao
BAHEMELE (K1), g (b) DR L,

2. HAREE
2. 1 BaySi,Ge)O 27 ZiE B R DRV BYRER

2Ba + Si (Ge)+ BaO — Ba3SiO(BasGeO) D FLZUZTE Y, R 750~900°C TREAHK IS &/ T, BasBO D731
I RERER G LT, BN L7 30EHE X BREIPTIC L 0 AEEaFE ORI E 3 X O s A% & 2 fdT L. 58K
FHERAEICL > TR RE Yy v 7RI L=, o+ S« kDIREEFMZFM L T 2T 2% L, SimiEE
CTHEMKESE D Z & T, Rz & £ 720 BasBO (ZEIEE Pbnm) D3V 7 k&R % Gk LTz, BasBO DL
BHERNS, Ny Ry v 713 0.6 eV EEEORBEEBAERTH D Z E RN ahoiz,

Ba;SiO DkFx (ki) ZHIELTZEZ A, HIRTI1L00W/mK THY, 350 EE THEZ EHSE5 L 0.66
Wem'K'ETHA L (K2 00), RIS, Si % Ge [ZEH L7Z BasGeO DEFEMIAICE N T, =
BTk 077W-m'K!' THV, 350 EETIRELZ EF XD L&, BasSi0O DA LD S HIZEV 041 W -
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m'K!' FTHEADTEZENSD o7 (K2 o), ZHDHD k1 —

DI, SITIOs ZREMIE (FIRO k1wl 82 W+ mKY) 1T \ A
P < 10"k STOs  5HEME o
TR MRS (2 DO) mPEREEVEM LD BixTes (X2 DA) E - s /
SPbTe (M2 09) ICHATHS LI, DEORRDE, 2 R ! -
A CIHEEMETHEN D72 D BasSi0 & BazGeO (ZHBW TRV k 1o & gjt i R
EHTE LI BT, g 10°
2 2 BURRESELLHETAEBEORBEEME Ba,GeO -
RIS, 73V 7 Zidd iR D PE 2 J5E L C ZT Z 3l L 72, BasSiO 10" L— - A
L BasGeO 1X R—E L 7% LTWARWIC S B 53, p Bk 300 600 900
L LTHRD VY, BasSiO TIE 350 F£T 0.84, BaGeO Tl 250 HEIBRE (TILEY)

J£C 0.65 <1:I/‘5 PEESRY N ZT 2R3 2 &Y \75)/)71 (43 X 2 i< 7 ZAHA b BaSiO BL
DO), BEH, EMED ZT B KBRITHIEHT72DIIE. ¥ BayGeO DEFERIKIC T 5. HKTFEYE
%JT{EEZ%W TS 20EN S D, %_Ta% JFHELF R (k) OIEFEZL.

¥ U TEEFHEIC L - T, 327 EIZBW T, EALEE & kil

{b = #7= BasSiO & Ba3GeO DK ZT #RkD7= (K3 DO L =T nxzr~z.1~f~f~

), KEITHRT X DI, FEBRMIZ LR TEARE 28N E :
w5 &, ZTITKIE _rﬁjﬁ%o FEIZ BasSiO (2B W CIE 2 &
R HER ZT NFEBE T X 5 EMEREAEMEE LTHET
HDZENRHLMNI ST,

S HIZEAEEOMNT NG . BasSiO D Evy ZT 13V & 1o
72T, MW PF IZHERKRLTHDZ ERghol,
Ba;SiO 133 KX v v 728 0.8 eV REOFERTHY | ~
A TADERA &> ThD Si BELDIREEE STV D, o Hoe HpR AgR QI
BH DN RBER S TR B TGS R > TEBY . AW EFLRE (cm-)

o LEWS EMN.TEXADIZE W PF NEHTLTWHZ &

N

MBZINR, ZT

o

Y N N Y 3 Wia 7 XG4~ Bas(Si,Ge)O ik
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RINPERPIEHC LT 2 R "; Ba,Si0o R | BaySio 8, | \ &O:S:WSQ:
CHOZT EERTELILS g L W, 2E comm
ans, rmerrsor  gol L B wm| B ) el L e
wrranipeongrs g |/ TS| 8 L S (7| naen
i, wETHEE -OE xRy & ‘:// Rt | &' ] FerbSh, NoTas
BasSIO 4%, Bt EGUME K o, ° e ool B W Bageo oo
&:@%&ﬁ—é‘l\iﬁg%%fﬁfgé& 0300A500.7(l30 900.1100v|300 0300 500-700 900v1100 1300
Wrrsns (4 ), LLED AR (TILEY) IR ()

ZEMND, a7 AhA MM
&A% BasSiO 1%, #PEr#k
Z—H)E £ W EMEREEVE A B
ELTAHZETHD Z LWL M
270 o722,

X 4 (RO ESMEREEVEM B & O KEVEZ BN E ZT otkifg, (a) #iE
TEREE LRV (O)., BHElky (o), Bk (O) Lokkix, (b)
BT EGTeE ZT AEM B & D,

3. ZEX

(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).

(2) X. He, S. Kimura, T. Katase, T. Tadano, S. Matsuishi, M. Minohara, H. Hiramatsu, H. Kumigashira, H. Hosono, T.
Kamiya, Adv. Sci. 11, 2307058 (2024).
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Development of novel energy materials using atomically thin film technology
by OMinoru OSADA, Makoto KOBAYASHI and Eisuke Yamamoto
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(2) E. Yamamoto et al., “Solid-state surfactant templating for controlled synthesis of amorphous 2D
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Fig. 2 Band structures of (Cai—Sry)>Nb3(O,N)io
nanosheets determined by UPS and LEIPS.
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Fig. 3 Structures of Rb,Ln,Ti;NbyO2F, with
the lowest energy calculated by DFT.
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3. ZEXM

(1) E. Yamamoto, A. Suzuki, M. Kobayashi, M. Osada, Tailored Synthesis of Molecularly Thin Platinum
Nanosheets Using Designed 2D Surfactant Solids, Nanoscale, 14(32) 11561-11567 (2022).

(2) E. Yamamoto, K. Fujihara, Y. Takezaki, K. Ito, Y. Shi, M. Kobayashi, M. Osada, Free-Standing Molecularly
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(3) E. Yamamoto, D. Kurimoto, K. Ito, K. Hayashi, M. Kobayashi, M. Osada, Solid-state surfactant templating for
controlled synthesis of amorphous 2D oxide/oxyhydroxide nanosheets, Nat. Commun. 15 6612 (2024).
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Development of hard and flexible phenolic resins for applications of biomaterials
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Development of high-efficiency thermoelectric conversion devices based on spin caloritronics
by OMasaki MIZUGUCHI
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2. 1 HMHETHRZHRMLUIESnSe FIEIZCHITHEERILUR MR

BWE =Ry 72852 HT 5 SnSe ITBWT, B —~y 7 N RIT L 5 ER
A Fe Il &2 A ¥ BB AAEA AR EGEL 22 812 K- TR NI S X
NDHZEITED RERBFERAV A NEBEENEAHIND Z EBH/EIND
(X 1), £ZT, AR H Y 7IEICLY, BB & Si S I Fe o
ZUSINL7= SnSe Mz M L, = DR RV A MR EZFH~T=, Fe iX DC
~ 7% b AT, SnSe 1T RF v 7 % b FR TRy & 2170, 1K
Wit 7 =— MW LT, £, TRERORT—EET LI LICEY, i
Fe &5 #5872 % SnSe LA {ER L7=, X MREMF (XRD) 12 & v ket  Figl SnSe OfiftE
TR A . IRENEUEIIRE DR (VSM) 12 & 0 RERUIE 20 L 7=, Wi
HIE S AT L (PPMS) (2 X 0 BHBIORER— AR, B—y 7R, BERNV A MIROWE % =ik
TIT- 7,

XRD DOFERH B, SnSe D(002)F5 L TN004) °— 7 DIRAMA~D 7 h AR S 4L, Fe O K 5 c #ili)7
MO ENRB I, —J7, (NO)HEIEHE/N L THB Y, ATV UhFRIZ K 5 SnSe fhignts T OENE X 6
No, ZOZENL, SnSe D7 7 T IIT — )L AFEAIZ L 0 A U2 J@RIZEMIC Fe 2MRA LTz aTREME S RIZ
ENb, Fe & 23.5%FM L. 150°CT 1 B 7 = — LALERZ i L 7-30E o i TEM 8123317 5 Fe o~ v
BT BT RER, Sn BL O Se 1T —HEICH A L TV D DI L, Fe IX@RICBEL L TWD Z & AR
SNz, TNHD XRD OFEREZBRAMICEZDL L, 7T=— LRI LY ¢ #lifid L7- SnSe fi 5 72Y Fe 5
EEEERWEIZHBELZ LRSS, VSM ORVERERN D, 11.2% %8 2 5 Fe Z U L7-alEHZ B W
THRBBEDHER I, X512, Fe ORMEBREINT DI O TREFB(IL O RE 2D T EBHALMNI -
72 PPMS I X 2 HIERE B TIE, Fe ZIRM L= Z & T SnSe D —_ v ZRHMNE T+ 2 BE N RS-,
ZHE, Fe MR AEF v U T2, SnSe FRD p A+ U7 (IEFL) OEFHEZIHI L., TOREE, 2
BN LTzl B2 DD, BER—VRPIERIIHEHEPIRO K& WREF TN 228 A S,
ZOFERMNS | REGEL & A Y EEM EAEAIC X D AMAVEBREDS - OB RICE S LTV D LRSS,
Flo, BERNV A NHIRIZONT S, BER—/VRGUE EFHE L7288l S e, FRiZ, Fe & 23.5%
WL, 150°CT 1 KO 7 =— VALB 2 i L7238 T, BEE — o ZRHEDPRELS EAT /R E o7,
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2. 3 FePt BIEIZCE T HEERIL VR hiﬂ%@%ﬁ%ﬂﬁﬂ
WAL A MIROKRE S, BESHHERAEIEZ BRI L0
ﬁﬂﬁ“ékk X, IREERIC I D B ERIEE. {mf“’jﬁadﬁf £
HAA v F Tl EOIGRICZOIRIN D, & 2T, AWFSETILIR
W B~ DB RENINC X » TRE RV A MR & #E4
HZEEAME Lz, MgO(O0D) KM Blc~ 27 % b Aty
&Y 728 Y Fe v— RJE(1 nm), Au /X 7 7 J&(5 nm), FePt
JE(2 nm)Z A5 L, FePt AR 2 F8L L 72, Fe, Au & =5,
FePt % 300°C THiE L, FePt AEEf%Z1Z 450°C T 30 43 D ELER
B L7z, B2 74 N YT T 4 MOGHEA Ay F o

7. BIRN) 7 " A7 o TR IO —F 5000 200 o 2500 5000
XA WA E — = T Uz, —F 51 LA & TR H/Ce

AORR & FEREPEMBR 2 22 US| EANZER W TEHEE TH D | BEPE -

#e LT FePt 7, FEREMEMARE LT Cr/Ny 7 7 JE(5 nm), Au (b)

JE(50 nm)%& v 7z, BEAR— AR, BE R Fiﬁ%d) al
HIE % PPMS (2 XV RIRTIr o 70, BUBHE E 7 A2 R % F 5 L
L. FePt EICEFNEMIND HEZIEDT — b F@ji
ﬁtb AF IR T 4 VD EN L TH— MEEZHM L,
X 2 12T L DT, 415V OF— FNEEAC L B R ER 5
— VR, BE RV A NEBEOERBMER SN, EHBIC
DN T HIRBLG IR COMBKFENE(L L TBY, 2 b
DOEAGIZ T — NEEOEINNZ X % FePt DR GYEDEIC 15
HRTHHDOTHLEBZEZDBND, £72, 0V, +1.5V D7 — b
B A 0 3R LEIIN L C B3 R v X MR ORI %17 > 7= Flggf PRIED V. - ;.:l Bz
LA, COBISEI TS D L AR b, R ) SR VBIE, () R
LA MR OBRBNC &5 E TR ~0 bR s, O ORBKIE

---0V

— 15V

5000 2500 o 2500 5000

3. ZEXE

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

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

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

(4) R. Kitaura, T. Ishibe, H. Sharma, M. Mizuguchi, and Y. Nakamura Appl. Phys. Express, 14, 075002 (2021).
(5) KERHEE, SR, 90, 78 (2021).

(6) K. Tto, J. Wang, Y. Shimada, H. Sharma, M. Mizuguchi, and K. Takanashi, J. Appl. Phys., 132, 133904 (2022).
(7) H. Sharma, Z. Wen, M. Mizuguchi, Sci. Rep., 13, 4425 (2023).

(8) S. Ueda and M. Mizuguchi, Appl. Phys. Express, 17, 075501 (2024).

P-66



ﬁﬁ‘?’%ﬁ%?ﬁ%g — Reseorg‘h\result report A

Research result

JYEF ¢ BT« SRR BRSO

JFLAAEME LiMN0, DT =7 > &G
&l B RFEARAFMEL « & R T AFSERT OHfiftH]

Tuning anion defect structure of Li-ion battery cathode LiMn,;04
by OTakashi NAKAMURA

1. HAEBEH
H—Rr=a— F T LR AlBE A2 OFEBUCHIT T, SR X—FEEBE OB I

EDHHNTND, HRxREREREOT TH, IEMEME O L X —EELIIFICERRRETH D, i

SRV IERABIBATE TIX, A A (B FAY) ORFELHREWR = W TF A F—TI2hviEbon Tt

2 AFA Y F=TITEMFEEL RESEMIELENTE, FLEEMOAL THL2H, TRETICTELS

DOWFFE 7 N —T 1 L0 KB RFN e SN TE T, SHIEFEOT — X BRERMEHER SRy MI X5
HEEAEER S O LD TRWo, RN - MEBIBRNICRFIDNED STV 34 20z, BT
v K— 7&wﬁﬁﬂﬁ%ﬁ%iﬁ% CEDORFUIEMNESOHDHEE 2D, ZORMERAL, BT R
F—BEMEZAIHT 272012, &<H LWERISICE SO M EIREALETH S, 7 =4 U HREDTEH

iﬁﬁ&ﬁﬁ%@ OT&%SR%%i@ﬂM%MT T R Mk IR 2 TS U, B bW IER~DREEE K
e Az X0 BHAEOSEN A THDL Z L EFALMNIC L TE R,

EN I Ti EF DN LICBRAL T T =4 o RIEHIEEIN 8 ZISH L, U F U LA F B EmE
BHZZER e 7 =4 U RIEE AT HZ L C, EEMBHIBIT 27 =4V RIGOKEEEZH LT 5, Zhix
FERIIZ T = KR BaHIENC X 2 FEEM BIRRE O L 22 MAThHh 5, Lita w7 M2 FEFET 5
e, T =AU B E L EICHRA TE 5 ARV EM LiMnOs 2 2 — 7y MIRIR Uiz, AR EHZ T
WEEFRZELL (Vy) ZEAL, 207 =422k L TERILFMIC F KM (Fy) 28 AT 5, ALz
LiMn,OsFx OBEMFFEZ R L, 7 =4 > Kt (VB X OF,) NEEBRNEICE 2 DFEEFALNT D,

2. IERE
2. 1 HHEERESH
LiMnyO4 1B FASEIZ L0 ARk LTz, 7 v E K[
AT HI-ODBEXILFV T 7 X — DA %X
WCRd, BEE L LTT7 kWA 4 o rER
LagoBag.iF29. 4’ 7‘“://))?& LT PbFz-Pb ;E)EHI/\ %BZ ]\‘—
TR EET 2 2N Pt EMRABLE L-, B R
— 7 MEMANC R AESET- F 88T AICX Y 7 v HEF
ii@@%bgfﬁﬁéz;;sﬁﬁTiwz;‘ B 1. 7 = KA ALY T
LiMn,Os ~® F KIGEALBL 21T~ T, 7 v &Kk 7 —DRARLFR
HARIBOY 7O X #HEYHE (XRD) L0, 7
o FERAMLERE b SR EHE A B R AR L |@ | Y =Rl
TOBZ LAt (K2a), EE X HOLETS et
FHIE (XPS) L0 V7 7 #—WERENRKX L, o
YU FNVEED Fls =27 2 7 F TR EL AR H1H
mpafER SN (¥ 2-b), ZHUIBEEREICEDLET

%Vfw%@®7/ﬁ%f#ﬁMwaé L EIR | e

Irrteriity 8
|
|
1]
Intersite au

B HFERTH H, UL EORTRIT, REFEFE LB LT priating] .
BRACTFT =4 R—=7HINIC L v HEEMEHT “”iﬂﬁﬁgmmﬂﬂ W5Hg%@ﬁwﬁ°
T =Rt EBIEIC R—T7FT A5 ENTEH L
ZRLTWD, B 2. BRALFHIC F REBEA L 72 LiMnOs O

’%ﬁﬁ%a (a) XRD /X% — 2 (b) XPS A7
%
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2. 4 EithFEETE

EWE: 78 F L7 7 » 7 :PDVF = 70:20:10 (FE &) TRA LZEMA > 7 2B L, AIEER LICE
i, WY D 2 & THAIEM A ER L, MR E LT 1 mol/L LiPFs EC-DMC (EC:DMC=3:7), /XL —% —
& LT Celgard #2500, %ML LT Li )& 2 W TEMML T2V 2 A L, BRI 256 L7z, X 3-a 12 10
B B Fe i B RE O B AR B L OB A 7 VO REBEEbEZ /T, 7 vRER—TI2X 0, FEEEK
W 2MEM (~20 mV F2E) PR TE L, ZIEITMRETHREESN TN D LEBY | BERBEIEEDOE T
vHFEER—T LD ThLEBEXLND 5, K70 100 4 7 VREORFEHERRIZTENEN
LMO4: 89%, LMO4-d: 48%., LMO4-dF10: 71%. LMO4-dF20: 53%& 72~ 7= (K 3-b), 7 =4 > KT I
W LMO4 (X LT, ViEEA L7 LMO4-d I3FEFIC R E A ES L EZ R Lic, X, BTt cls &
TWVD LI, VI L DMBIORZEARLTILE Y A 7 M L DR FOEIc ko BLEZLND ) AY
FIVRIEMICEN T, VEOFEIT B 2B ST ER E R > TVWDLZ ERARF THLHRTE R, —
J. FoZaB ALY 7V TIL LMO4-d L0 b A ESEAIH SNz, L LEDOREREITMBHET =—/L
L72 LMO4 (T K iE 72/ o 7o, ZOHEE LT, o FHITIERIET DV, Foli NI L % BRI i 5
ZITHHLTCLES TV ABEREZ B D, BHIMETCORGOR T, REXLFY 77 % —%5 LF,
BALWATLUCVEREAIND Z ERnoTETEY, AEGHK L2 LMO4-dF10 35 £ O LMO4-dF20 (21X
Fol2 i TRLVEBFHEL TV ENTREND, Foo B LIEE RV 2RETHZENTENIE, T4
REEAMEEN LMO4 L0 B AL AR B T & 2,

(a) (b) 140
[ 1 r _ 026
"an 120 0.5C 02G 1
p 1c
a0t < T
< | £ %m%%w
5 SHF-
- RO “nﬂkhhhh-?
| t i = =
d 35 | | H[2% o= ‘
3 —TTSY i { a0 O LMO4 i
- LMO4-d i 1] 2 o LMO4-d
: LMO4-dF10 t i ] 20 0 LMOd=dFin| |
ol | =stModar2o| § {41 & O 1MO4-dF20
) - ! : L g ) ! ! L I i
0 40 80 120 0 20 40 &0 B0 100
, -1
Capacity/mAh g Cvele number

X 3. 7 =AU RaZ§lE L 72 LiMnoO4sF, D(a) 10 1 7 )V H OFILEIR, b)) A 7 v I L—
NERME, 1C = 148 mAh g! TEIE 2 % E,

S 3

(1) H.J. Noh, S. Youn, C. S. Yoon, Y. K. Sun, J. Power Sources, 2013, 233, 121.

(2) S. Kim, M. Aykol, V. I. Hegde, Z. Lu, S. Kirklin, J. R. Croy, M. M. Thackeray, C. Wolverton, Energy Environ. Sci.,
2017, 10, 2201.

(3) M. Nishijima, T. Ootani, Y. Kamimura, T. Sueki, S. Esaki, S. Murai, K. Fujita, K. Tanaka, K. Ohira, Y. Koyama, I.
Tanaka, Nat. Commun., 2014, 5, 4553.

(4) Ishizuki, N.; Shimizu, R.; Hitosugi, T. Autonomous Experimental Systems in Materials Science. Science and
Technology of Advanced Materials: Methods 2023, 3, 2197519.

(5) F.Kong, C. Liang, R. C. Longo, D. H. Yeon, Y. Zheng, J. H. Park, S. G. Doo, K. Cho, Chem. Mater.,2016, 28, 6942.

(6) T. Nakamura, K. Ohta, X. Hou, Y. Kimura, K. Tsuruta, Y. Tamenori, R. Aso, H. Yoshida, K. Amezawa, J. Mater.
Chem. A, 2021, 9, 3657.

(7) T. Nakamura, K. Ohta, Y. Kimura, K. Tsuruta, Y. Tamenori, R. Aso, H. Yoshida, K. Amezawa, ACS App!l. Mater. Int,
2020, 3, 9703.

(8) T. Katsumata, H. Yamamoto, Y. Kimura, K. Amezawa, R. Aso, S. Kikkawa, S. Yamazoe, T. Nakamura, Adv. Funct.
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High-density lithium sulfur batteries with polymeric sulfur electrodes
by OKenichi OYAIZU

1. HAEBEH

UF o AMiEERITIERIEME THAMENEREE T I ENLIAKERSNTWS, UV I U LAREE
MICEAEMRLEEAT 5 &, BIREA~DEHALHA 4> DIRBOBREIT L 25— 5T, HEROBMRE
Wi VDGR THRKEE L — MEENHEEICER T T2 2 ENHEE o TW D,

ARFGETIX, EMIEWE & L CHRRE LY RRRMESATT A h~—a0 FEHIicAlkL, 2
EMEWEICEMNT S Z & T, REERoETIC £DV~F%@#WLT6;&%%ﬁLLtOik,VF
v I AVEMEIRBRIBEIA T 4 = — X B EMEDE AL ED Z 8T, Bl — MERmETSZ L%
BN L, BLEZRA LT, EWE OB & BmMEREDMHBIC S\ THi- R aE RWE LiZo

THET D,

2. IRER

2. 1 BEAEERII—OER

MEEARY ~—I%, BIREENPFBRLIEME I OV EE ) ~—REELTRY AV 7 ¢ NiESEZ AT
6%@%%%526F¢MMJ ioTAﬁLtoCC#E#A% OHTHE )~ — & BURRTE & R &
LTHMIEORY) ~—% /B &, RERZRNL CRIBEEZ AT 2MEGTARY ~—~5F %Lto%/?

—Span 80, ambﬁ,%ﬁ/m%w/%ﬁﬁwA~/&ﬁ@zmMﬁh%1%012hﬁ%& ZEFEHI B A
T ) —VATT VU NT—T )V EINZT140CT20 h ###P4 5 Z & TP1 #4537 (Scheme 1), €/ ~—
ZxF LARIGAI A 0.72 eq, 036 eq IRINT 2 Z & T, RGHEDO R 2 2 FHDOR Y ~—Pl-a, P1-b L1 L1
AR LT,

wSn  Spa wSp  Spa
. S S ; 2\/0 o \/& ; §
QZL s A s o’ o
P P 3
OH 150°C, 2h OH 140°C, 20h $ o\)\/o
OH OH 0'??

P1

OH

Scheme 1

WIS, T2 UNERTF v (BA) £72037 7 UVER n-A4 7 F)v (0A), HKRH, il Zn(DTC), % 140CT
2 h iR, BBRICA 72 ) — VARV ZF LU TV a— A Yz—FT AT 7 b—b (m= K15 %F
/v~w05mmem%fzh%#L,mEAﬁﬁUv~TzPséﬁt(&mmﬂ)

O/\%n O O OMO
C e
Sg, ZN(DTC),
o0 T oo O~ 0

B 140°C, 2h > 140°C, 2h O
y y
| P2 (y=3)
Scheme 2 % P3(y=7)

Bon=RY v —fbFEEIZ OV TIE, IR AT MV 5E / ~—C=C-H HfiEfREhF L OZEA O
if%/%m%@t 7 O, BAEH] C-O MEIRENR X OB FiR C-H EARBH K — 27 OB E0 D,

WD C=C —HEHEGDHE EREROBEANNREINT, EEHRIIITREINICL > TRD, P1 T

ﬁﬂ@ﬁm IR S A RMET L7z, P2, P3IEP1 LV a3y ha® /) ~—%Z =2 & Thi
@ﬁ%ﬁﬁﬂibf:o
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2. 2 HWHMME

P1~P3 [T S-S HIFRIZEB W TRV EPEGEI 27~ L, Pl-a & Pl-b &2 lLi9 2 &, ZEAGAI 208 53 2 & Tl
HELORD T2 o TP Uiz, P2 & P3 O TIL, MIHT VX VEDOMRIZ L - TY o FEREd
L7c, BIAUREBRMERIEIC Ko TR 25CITBIT DRt RIiL, Yo R emkodmzr~ L7, L&
0, BEEESLaT )~ —O@BRICEI Y HHOHEEE 2 bo— L TEX 52 ERbhote, FEASKETE
LNTEAR Y ~—OREHEAE, B - BT E IOV T Table 1 IR,

Table 1 Thermal and Mechanical Properties of Sulfur-Containing Polymers

feed ratio of Young's modulus storage modulus

sample crosslinker / monomer (-) sulfur content (Wt%)a) T (0 (MPa) at 25°C (MPa)
Pl-a 0.71 38 3.7 1.63" 1.6
P1-b 0.36 44 3.1 0.39¢ 0.35
Pl-c 0.18 46 -13.5 0.399 0.17
P2 0.50 63 -12.5 0.76° 4.4
P3 0.50 57 21.9 0.25° 0.41

a) Determined by elemental analysis b) strain 0-1% c) strain 0-5%

2. 3 B EMERELERYFUOLBEELORKERSE

WEAR—=NVINERANZ A= NIV XY, EWE RS ECEERESAR) ~—), &
& Bh Al Super P, [E{AE ML (75Li2S-25P2S5 (mol%) Lil K— 7)) OB &2 25:25:50 & 722 5 IEM & fERL L 7=,
Jua—77Ry 7 A Ar FEKCRERY F U LA Em A ER L7, FHEH /LIS Li-ln alloy #4&, E{AE
i, IEMRZREE L, 20 N-m (90 MPa) THIET 2% Z & TREIRY F U A Bl 257,

25 C TEMRBIE 0.1 mA/em? 235 2 mA/em? T3 WA ZLFEHKEL, L— MEEZFHE L7, AR AL 0.1
mA/em? (2B THEEZ & 1451 mAh/g %7 L 7o, FEILE B OB W ER BT L, 1 mA/em? Tl 0.1
mA/ecm? D 20% 2 F o7z, HEAIEEV Pl-a, P2 IFMEREMELS & EFo70h, Yo 73, Rk
EBZH)/NE WY Pl-b, P3 (X2 COEHEE CHERENHEMRIM KL ERl>72, 1 mA/m? TIXZNZEH 0.1
mA/cm? O 51%, 50%%HERF L7, R IEMN H DRREZL G002 & CREIR « ERRmEOBEMARS 20,
EEANAPHERF ST Ro7m B BN, #tEZ A L, 0.4 MPa §i#% ORI R 2 H 4 HIEWE N L
— MR m BICHET 5 Z LIRS,

2. 4 &R

WFRIZ LD G LTREEZ AR ) ~—DEERE LD O 00N LIk, EMEWE & L TR
L7c2ERY F 7 L EEMO L— MEERT L L, SEREERMICBOTH B WER &S HER S
NDHZENHLMNTI STz, EART VEDOL Ry 7 A{EEZREEMICESTHZET, AT 4=
—va RICLAEmL— MERAREE e B Z L b BT LT,

3. ZEXM

(1) K.-S. Kang, K. A. Iyer, J. Pyun, On the Fundamental Polymer Chemistry of Inverse Vulcanization
for Statistical and Segmented Copolymers from Elemental Sulfur, Chem. Eur. J., 28, ¢2022001
(2022).

(2) Y. Li, K. Xi, M. Ma, S. Lu, H. Wu, X. Cao, X. Zhang, S. Ding, Interfacial chemistry and ion—transfer
mechanism for a tailored poly(thioether)-enabled hybrid solid polymer electrolyte with
electrochemical properties in all-solid-state lithium-sulfur batteries, J. Mater. Chem. A, 11,
23405-23417 (2023).

(3) A. G. Simmonds, J. J. Griebel, J. Park, K. R. Kim, W. J. Chung, V. P. Oleshko, J. Kim, E.
T. Kim, R. S. Glass, C. L. Soles, Y.-E. Sung, K. Char. J. Pyun, Inverse Vulcanization of
Elemental Sulfur to Prepare Polymeric Electrode Materials for Li-S Batteries, ACS Macro Lett.,
3, 229-232 (2014).

(4) K. Oyaizu, Reversible and high—-density energy storage with polymers populated with bistable
redox sites, Polym. J., 56, 127-144 (2024).
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4H-SiC Off-axis HERKREICH TARTY T 7 UNFUTEE
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Step unbunching phenomenon of off-axis 4H-SiC substrate surface
by OMaho SHIMIZU and Wataru NORIMATSU

1. HAEBEH

SiC 1%, /):l/ctbmb\f%f%&f% ERCORE RN R v T E2FFOZ LD, NU—FT A kLS
L COFRAMNEIICZ > TWD L HEL SIC 7 = "OFEREICIE, AT v 7 EMIEN D HET L~V DB EN T
E3 %, FlZITHHEESE U CREICABILIEZ LT 256, BIRICEWAT v IRFEET L, AT v
F{ﬁf‘ﬁz@{t}ﬁ@ﬁéﬁﬁﬂ”i’j ERDGENHDZEDRMENTND L Lizio> T, T3 A OBRIZITIE
FIZEWAT » FIIFE LBV ER RV, fEmRERCEKE T Y T 772 EORRIC SiC 2T 25 & KET
DIFEFBENC L > TRWAT v 7 REF S TEWARAT v T ERDRAT v IR F U TEHBENAEL D, NITEH
SICIZBITFDAT I NUF U TIE, BTER ¢ LRILOWEDRGOARAT v TFEHSICRDI=~TAAT v
NoF 7 (MSB) &, BFEBLYVKREWAT v @SR DT—V AT v TN F 7 (LSB) (2430
Bd, AT I NF U T TR, MRNAT v IR > TELRD ZEFH-TH, —HE< ko7
ATy T PEL 725 Z L iF e nEBE X LN TE e, st L THA 1, on-axis DS dh SiC & R O 544
Tfmﬂfé*kf BT AT v TMMEL R 28G5 AL, AT v 7T v R_UF U TSR ELA1T 1
o TNEBEE Z TR TIX, SiC /T —F A RZHW LD 4°4 7 SiC HifEfERICB W T, A7 v
7//\/7‘/7%%%27%531/575 B, TOAN=ALERHENITHZEEBRNET D,

2. IERE
2. 1 4FITSICERIZBITDRTYTTUNFUIHRE
13 U IZ, on-axis SiC FMUZBWT AT v 77 R
FUTBBNRALNT L & EHLUOSMET 4047 SiC
FEREMBT D Z LT AT T T U R F U TBGHR
BT DMME I DERAT, 11201511 4o A L 7=
4H-SiC(0001) AR %2 . 4 vol.% D /K FHE % & T KEJE D
Ambﬁx%milmnf7u—bﬁﬁg\mm%f10
YEUMBL U 7274 . 1 43R C 1400°C O R & CReE L TR
RFFE4T o 72, Figure 112, 1400°C TOLREFRER A3 0,
20, B L6073 OLE DR BMEE (AFM) %%

0 % fwm]
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fi
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~9, Figure 1(@)DFEF 5. 1400°CIZREIR L2 EZIZ " - C

T, @S 20-50 nm BREDESDOAT v I REHALN I . L.

B. BICIRE 20 b 00, 1650°CT 10 5301# L 723t =T

BHE. Fig. 1(a) L HPLOFHEZ R LTz, Zhud, 1650C By k2

T LSB #VE L, 1400C~DRRIRILH& I 3] b 2 b3k I - E¥&H%ML
200 I=——i N

CTWARNWZ EERLTWD, 1400°CT 20 oPRFFLTZ
ARELORERDG)E RS &, KD TREWAT v 7 MK
ELTRLNELDODO FFETORLEERTIEEWAT v
TR LNT, REOHREREFOZ ENbh ol
KV EBESBIELIT oo /R, 20 X5 2B CldsE
S I BEDAT v IREHR N, i, i+
m DEISEFHOAT TN, 1 nmBEORT v TOEFVICBIL LI, TROBAT v I T R F T
BGNECTZZ L Z2RELTND, b, RFRFMAZMITITIETIOL ) REROENREZ 22 L1 b
Mol WEDOEEIZEB VT, on-axis SiC 2 H 72 EER TliL 60 45 OIRFRIZ & @ FEREBETT VN F U TH
GNEUT 3 =T, 4247 SiC TET oA F U VHEBIL 60 3 TH Il EEoTcZ b, ATy

I 0l:l F 4 6 8 10
FglM%TT@O . (b) 2047, BLTU(c) 60
“%ﬁbtﬁﬂ@Aﬂw@&\ﬁ%mfﬁﬁmﬁ
DEms7TaTy A,
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TEENZNET R T U T OEITREN ERBEFE IS, ERER TT AN TF U TBIGNET A
BN OEBRNESBOMETH D, TOEOIIE, 4247 SICIZBI DT VAU F U TRED A=A L%
FEMCHER T D MER D D, AW =X LOESRIZHT- - T, Fig. 1 IZBWTT VR F U 7 HRE L TORVE
WMTOEIZER Lz, RO)BIRC)DOT 1 7 7 A VHICERTRINMETIE, &S 20 nm BREOAEST-
2T vl @mE 40 m BEORLEEO-AT v 7OMNEEELE S N-, ZOxtE, on-axis SiC FHIZ
BT AR F U TR 4047 SiC O LSBIRRETIX RO noTz, T72bb, 4247 SiCORT v
TUNRCTFUTIHEDOBRTHDLEEZ LI, TN TF U T DA = AN EEBBICEBR L TS Z EN
REINB,

2. 2 REREZZEA-MDR

AT T T N F B O YRR A G
RBHT=DIZ1650°C THEL L 7= & TIREFT DIRE A2 A
Z 78R A AT > 7=, Figure 2 1214, (a) 1450°C, (b) 1400°C,
(c) 1350°C, L UVN(d) 1300°C T 20 sy EfRFF L 7=7kt D
AFM B ZR LTS, K5, (B I DL)TIE., #T
RTHEBICBVWTAT v 7 RN F U TBRBNED
TWbHZERLND, —HT, ©OBLOWATIX, 7
N F o TEENE USRS N o7, Th
HETORBHZBWC HIEI TR LTIARNW AT v 7 L&
WAT v 7 ORNIBIE SN, ZRICNZ TA) T,
AT T EESH 1020 nm FRETH 72, i, KR
TORFFZE > T EEDOAT v TRFRFICIEL ooz
ZEERLTWD, Ty £72, on-axis SiC TIEA. H 1
RO TBRTH D,
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Large-Scale Integration of Si-CMOS Micro Thermoelectric Generators
for Efficient Energy Harvesting
BRHKRY: O 7 Az~ T AT AV, BEHEEA, =i, AR, EEZHE
by oMd Mehdee Hasan Mahfuz, Mai Awata, Takuya Miura, Takeo Matsuki, Takanobu Watanabe

1. Abstract

Large-scale integrated micro thermoelectric generators (TEGs) incorporating Silicon-Nanowires (Si-NWs) were
fabricated using standard Si-CMOS technology. By considering the reduction of the device's electrical resistance and
maximizing the temperature difference across the thermoelements, we have designed different types of TEGs by varying
the wiring system and width of via under the heat guiding layer (HG). A high areal power density is obtained by fabricating
a cavity beneath the substrate from an integrated TEG.

2. Introduction

TEGs have garnered significant interest as a solution to the energy crisis due to their ability to efficiently convert waste
heat into electrical energy through solid-state energy conversion. The substantial reduction in thermal conductivity
observed in Si-NWs marks an advancement in the development of TE materials [1]. In this study, we fabricated multiple
devices with varying wiring designs [2] and via widths [3,4], analyzing their impacts on power generation performance
through both experimental measurements and simulations. Additionally, we explored the dependence of TE performance
on the cavity size beneath the substrate of the device [5].

3. Experimental
The cavity-free TE device has been fabricated on the SOI substrate. The thicknesses of the Si substrate, the buried
oxide (BOX) SiO; layer and the top SOI layer were 745 pm,145 nm, and 120 nm, respectively. The SOI layer was turned
into wires and pads by photolithography and reactive ion etching. Phosphorus ions were implanted at doses of 7.5x10'3
ions/cm? at an acceleration energy of 40 keV. The implantation was followed by activation annealing at 1000 °C. Then, a
2-layer Al-wiring system, fabricated with a plasma CVD-SiO; (ILD) and TiN/AlCu /TiN/Ti, was formed on the Si-NWs
and pads. The Ist Al layer, 200nm-AlCu is for transferring the Hoat flow
generated electrical power, and the second layer, 400 or 800nm-
AlCu, is for introducing “heat” called as “heat guide”. The 1st Al
layer was connected to the “hot” and “cold” Si-pads with contact
holes electrically. The 2"%-Al layer, heat guide (HG), was formed
over the “hot” pads, insulated electrically with 500 or 900 nm-SiO,

locally. The schematic image of the fabricated device is shown in

Figure 1(a). A stage of the device consists of 1 um length and 0.1

um width of n-type 120 thermoelements. We fabricated several types

of devices with different wiring designs, as shown in Fig. 1(b). Fig. e e
1(c) shows the SEM images of the devices fabricated by changing Wl ,:m_,:,“;tﬁ . :::,:::“_::I s
the width of the via. The cavity beneath the hot-side Si pad was o o

created through a highly selective silicon etch process to SiO-, mw el
performed after forming a deep through-hole in the first and second . b 6y
ILD layers down to the silicon substrate. The cavity width (Wcay) e e N v
was varied to 0 pm, 5 pm, 8.3 um, 14 um, and 20 um. The power Cavity

generation performance was measured as follows: The TE device siSub Spm

was placed on a stage maintained at 25°C, with a carbon sheet and

silicone paste inserted beneath the device chip to minimize contact

thermal resistance. A micro-heater, coated with silicone paste and a ~ Figure 1. (a) Schematic of the device, (b)
carbon sheet, was brought into contact with the TE device's surface  different wiring types of devices, (¢) SEM
and heated to 30°C. For the cavity device, the hot side was heated  images of various via, (d) SEM image of
via Joule heating by passing current through the HG. cavity device [1-5]
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4. Results and discussion

[ P “

Among the designs shown in Fig. 1(a), design (iii) exhibits the ~ _ o2 _* s ¥ | . T
highest stage density due to a reduction in high-temperature Si- i'-" - « I & '-';:. :“ ‘ | m;
pads and W-plugs compared to the other designs [2]. Both 1 o | |I I Mg 3w I Il Iﬂ “?f
experimental and simulation results indicate that the design (iii) ; ":_ | :“ E,. . A B ,..E
has the highest electrical resistance. This increase in resistance is e '“('a')m " i (bl; s

attributed to the spreading resistance effect [6], where the current
distribution becomes constrained as it passes through Si-pads with Figure 2. (@) Voo, (b) Puensity Of the different
varying widths and W-plug configurations. In designs (i) and (iit), wiring types of devices [2]

it is observed that the larger HG width enhances the temperature
difference across the Si-NWs and increases the open circuit voltage

(Voc), as shown in Fig. 2(a). In design (ii), the low-temperature Si- i (@) . (b_) .ol
pad is heated by the adjacent HGs, reducing the overall temperature e sias
gradient. Therefore, maintaining a larger distance between HGs is " S .

' § M W w0 M0 e 130
e WG mcaness jam]

critical for effective thermal performance. While design (iii)
achieved the highest Vo, its power density (Paensiy) Was relatively  Figure 3. Relation of the V,cto the (a) VIA
low due to increased electrical resistance. Similarly, the Paensiy 0f  and (b) HG thickness

design (iv) decreased because the looped wiring increased the

overall device area. Among all designs, design (i), which retains - - .
Si-pads and W-plugs without reductions and incorporates a 11. = @ 0 B (&) .
common HG layout, demonstrated the highest power generation S ’ ' . ! . '
performance (Fig. 2b). With respect to HG height dependence, the ; “te , . : f :

Vo increased significantly as the HG height increased [3]. In Yo ¥ iic s Wo

N ) W (i

contrast, variations in via width had no notable impact on the V.

as shown in Fig. 3(a) [4]. The relationship between the V,. and HG ~ Figure 4. (a)Voc and (b) Paensity of the
height for various via widths was simulated, as shown in Fig. 3(b). ~ cavity devices

The results indicate a strong correlation between the open-circuit voltage and the heat guide thickness. For the cavity
device [5], the overall V. increases as W, increases, as shown in Fig. 4(a). However, when W,,, reaches 20 um, V.
decreases for short Si-NWs below 5 pm in length. This occurs because, at W, = 20 pum, the etching front of the cavity
extends beneath the cold-side Si-pad, increasing the thermal resistance between the cold-side end of the Si-NWs and the
Si substrate. Consequently, the temperature difference across the ends of the Si-NW is reduced. For W < 8.3pum, the Paensizy
increases as the Si-NW becomes shorter. For Weavy > 14 pm, the maximum power density shifts towards longer Si-NW
lengths (Fig. 4b).

5. Conclusion

This study demonstrated various types of TE devices by changing their configurations. Design (i) demonstrated the
highest power generation performance due to its balanced layout, while design (iii) exhibited the highest V,. but lower
power density due to increased resistance. V. correlated strongly with HG height but showed no dependence on via width.
For cavity devices, V,. generally increased with W.,,, but excessive cavity widths reduced performance for short Si-NWs.
Optimal power density varied with Si-NW length depending on We,,.

Acknowledgement
This work was partly supported by CREST, JST (JPMJCR19Q5) and JSPS KAKENHI (22H01530).

References

[1] A. I. Hochbaum et al., Nature 451, 163 (2008); A. 1. Boukai et al., Nature 451, 168 (2008).

[2] M. M. H. Mahfuz, S. Arai, T. Matsuki, T. Watanabe, SSDM 2024,

[3] K. Kuga, M. M. H. Mahfuz, T. Matsuki, T. Watanabe, Jpn. J. Appl. Phys. 63, 02SP74 (2024).

[4] M. Awata, K. Kuga, M. M. H. Mahfuz, T. Matsuki, T. Watanabe, SSDM 2024.

[5] T. Miura, M. M. H. Mahfuz, T. Matsuki, T. Watanabe, SSDM 2024.8

[6] M. Tomita, T. Kashizaki, T. Hoshina, S. Arai, T. Matsuki, T. Watanabe, Jpn. J. Appl. Phys. 62, SC1066, (2023).

P-74



>< WA
ﬁﬁ‘%‘ﬁ%?&%% — ﬂeseorglhxresult report -

SYBE S - EHRRERATE Y
RER - BEFEC K DNE - VML AFRELHEREDR L

KRR RZF B TAEFER O MER
RICKRZFZERAITEAT P, Vet =, AN
FACRFRF Bt AR BRMG, @d5hg%

FALR R BB SET - RICRERZE R e BAIREZ
FRBHFRF 7 v T 4 THEIFSERT  fa T A

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

MIEITBEER 24 L, BEx M@ 28R TS ED 2 E8mbnNTWD, £Dd, K7 7R
FTI 0l REESEOANBRNDEMOREIHE = —T ¢ 7 & 2 & T, JEYYESLKRES 1IE DI H
DI CTE D, a—T 4 7OFEE LT, AFETIE, HFFEERL - L TF v — L BHREEL N
Too BHEMERL— I, MERITKT 2 IERIE E < L TERDIFIRIMNR L —3 & e TR 22 LAY A]
REL 72D, o, Y ATFE—LAL—FERHEMBEIIER EMROBAES TH L= OBEEBRENEHL, AV
TFUAREBIMA b D, I6IC, G LTEMRPEED L—VHIC L > TRITHICH— I s b 7=
B, FERA~OABE:Z PN Z TR 100 pm F2E OO A TE R T | MEHE R &R S 27235, A
T, BPERL -~ LT B — A RHERIEZ VT, A7 2 LA (SS304) FEMK E~fligi=2—7 1 >
T e RITe, KFE~Da—T 4 701, L—F & —ER5IRIT2 2 & THOLNDEHRKRO 1 B — FEE
BRI RD Z L TR END, Z2T1 E— FREOKEITEARRO;-D, FRARKRRZEDIC
X, 1 — IO —HE2ERLMLERNDH D, OB, FIEOEEFE CITEICTEA S - Mg 5 & B L
UNFER R B o [RAEA B A . JEEREMEIR CIX AT o U RS & O BAEM BHES BRI ICITbh D, AT L
ALEOBILERIIRE AL, —EOL—VHRENC2HORLLBEEZEITL2 LI ETH
MTH o7, AR TIE, MEAEROE S 2S5 2 & THfE~D ABEEZFHIE T 5 8121ER L
7o I T Ny F VTR NTG A= L LTca—T 4 U 7EREITV, @B RMla—7T 0 7D
ARz, SHIZ, BRLIa—T 0 7220, SiEEOFM 21T > 7=,

2. A—T 4 VI ERBHE

Fig. 1 \Z3BRIEE OBIK I 2 =3, & 450 nm,
RRHITI 200 W OFEERL —FET 2 —/L 2
BNOHH Lz L—NE, ZnENKT7 74N
—CEEL, EHL L REANTIT AT AT
HELLE, ARy MRIZYESET 233 yim & L Blue diode /)
Too MUSBYRITIABERMEA S Ar HACHEE L, laser modules |/

ML~y Ko 2 X0 X0 TR E I Optical fibers
L7z, JEZ 5 mm 0> SS304 Hobk & BE) 2 7 — I [H

EL. x BiFAEICHRIT2Z2E T B— KA Laser beams -
B LT=Db, 27—V % y @ilHIC Ay F 7
BHES TR S5 70t 250K+ = & T,
156 mmX 15 mm D = —7 o > ZTERREAT > T2, TRk
LIe T~ A 7 ady v &4 —CWrE 2 Gl L, TS
REHRD + BFEE 0 0 b I BT & 2 I i 42 % Coating layer

ot Fig.1 o—J 4 v 7 FZEREE E N X
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3. ERER
3. 1 #itAa—7+ U mHEER

Fig. 212, BRI NIl =—7 ¢ > 7 OWrifi Z "3, #7513 50 mm/s, MARUHGE 50 mg/s, U —
B 3.75X10° Wem* & L, vy F v 7% (a) 110 um, (b)230 pm, (¢)310 pm LZ2fb S Wiz, Ny F 7
BB (2) 110 pm (2B W TS DO ZERDTER S, MO LWERRABIZETE 5, —F (b)230 um 128
WTIE, ZERMBIEAD L Rl AREmNTER SN, Z0L EDOMFEEIL98.8 um Th-o7-, £7-(c)310 um i
BOTIE, EREROPEBEERG L, FREETTWDZ ERDND,

I BT, ENENDEREIZOWT, SEM/EDS ZHWT T A o247, FiROFHMi 21T - 72, £ DR %
Fig. 3 \Zcd, MEhIHES Rimm) D OERE. #tlhix Cu & AT L AD TS TH D Fe OFIIEE 277 LT
W5, F72, 22 TIE, Cu OFXHREED 5~95% & 70 25k & A @A L B L, Fig. 3 OXHFITR LT,
Ny F 2 TR (a) 110 pm 33 X ON(b) 230 pm TIEABED 10 ym LT E/hNSREERL TR, 2 —FT 4 7
WOSFIRE DN+ 3R TN TN D 2 ERNbnD, —F(e)310 pm TIEAREE X728 43.0 um & K& 72l % 7R
L. MRS DR K 28 O T3 HERR S iz, Fig. 2 B X OV Fig. 3 OFER LIV . /Ny F o 7 iHEE 230
um ([ ZEBWT, B < ORI S m UV E SV E AR o — T 0 BB E T &V 2 D,

(a) (b)

MNo void

400 ym 400 pm

Fig.2 »~vF 7 (a) 110 pm, (b)230 pm, (c)310 pm (21T 5 =2 —7 4 > 7 OWriE X

(a) (b) (c)

= u — 5 43.0pm

= = ] '

c Fe = c

s 5 2

& - g

v € 5.97 ym T

E 1.06 pm @ K »l{e Cu E Cu

8 1) gl e | S e
A S T TA B TR Y o
=40 -30 -20-10 O 10 20 30 40 50 =40 -30 -20-10 O 10 20 30 40 50 -40 -30 -20 -10 0 10 20 30 40 50

Pasition [pm)] Pasition [pm] Pasition [um]

Fig. 3 SEM/EDS Z /=, /v F o 7 (a) 110 pm, (b) 230 pm, (c)310 pm CTOFREE X OFEAM

3. 2 fRa—T« VT OB

Fig.2(b) T/r LIcmshE 22 figil = —7 « > 7 OHiE 108
PEZ TS 5 72 ALK FEREpE AR T, 7 :
SV DN FETE (JIS 7280 IZHS W= HlERBR 217 -
Too AT 2 L A(SS304) M, Ml Migi=—7 2
R LTZ AT LV ARD 3 FEHOY 7Tl R
% 24 RifEIRSE L0 b, Ripioavw=—Kx b v
v hLTm, FOREHRE%E Fig 4 (T, fifla—T 1

JEM LI AT VL AL, BEDOAT L AR E 102f I
e U CIERICE W PIEMEREZ /R LT, £ 72, Mifitk & 10?
2 L7256 OHLETERIZFREE CTh - 7o, #isi oM

A2 7008 B 1 U £ BT M8 2 — 7 1 SS304 plate  Pure Cu  Pure Cu
L, ARAERSEO ) BB T bR R PRt soa0d pate
BHLTBY, 5% IoR2ICHBHfFCTE 5,

10°0 %

CFU/mL

1045' n.s.

Fig. 4 PR E B R
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Prior-p grain of LPBF prepared Ti-64 alloy by
by OShota KARIYA, Junko UMEDA, Katsuyoshi KONDOH and Kenta YAMANAKA

1. IXEW

AERBLFEZ D NCIHE B IEICEND T X BEDERT NA A, FRHCHARB A 7 Z v h~OFEAL
e, TR AR EEROEBIC L 5 BEMHEE O QOL [ EARD I TWAD. 2 b O O fER
FIEE LT, HBEBEROFABIENR> TS, BEGEETIE, TORE EORKBIZEI) XX v v VR
W& D BGEOEOERAR 2 TR T 5 2 & THOLTEY, Ishimoto HOMIEIZIAL MBND L)1, =
NEIRD 5 Z & TIER T AIZ[100]18& 5 WIX[110] & Flh S, 58V TP R TMEEZ & OB OERIN AIRECTH 5
O Z2O—hT, —ARIZBONTUIETN R 1FREE L OMEIR RO SN D Z End, SR GEITE
DOREHEHINT HEEFED 1 DE7eoTnD. F£72, RBHEHEORZ VI TI-64 54 (near o 54) TII,
FEERFICIREL N 2B 35 PHHERT D0, D%, atl~E L L, Burgers D AL BHRIZHE - 7= 12 L
DD 78 DIWAIEHIRAK & 72 2 7 DRI O T, MERMEOK T2 672 b THEAMBOMRILOHZR b
HEND. LER-T, MEEE near a A4 T, SH5H TR IR B 4Rk Z EH T2 FIEOMNL S EE
ThHb. ZNETICFABBHTOMZEZTLZ SNTWDED, AL OZE FPREERE & 72 2R DRI Xk 5
LONRETHSTCY, LnLaenn, ZUHIFBEFOSEHEN O OMMCEER & 2ol aflm L L
TAENR S SN D 2D, ERE~OAN—FUIEWE R D, TS LT, Tk, PEORMMEE
DREICTEIROWBIZL—FEZBET 5 L, ZOWEFMIL Keyhole R E72 Y, FIROWIRIZ L —1 % G
42 L Conductive R & 705 Z & 2 BT L. EibOIRE AJERIL Conductive R DOARIHIZFiE S L TE
0, ZTOEMM A Keyhole RICHIEIT 52 LT, ZHETLITERIMBAER CTEHLEEZOLND. T2
T, AHFGETIE, ERHBORE & EREBKH ORMPIC L HERMZROHEIC L 0 1B B koMM b
K OB O BERR AL % 5 7.

2. HAREE

2. 1 ERHEESLUVFEKSTMY LB B HEOERK

AT, WHEIKEAWTEREREZBHTS 2 1O PR iRy i 1000 pem. 250 P
L T ORE & SR ICHERE L. 7, I -*. ,r& ,
KN ITE B TF Z o ERUGL, REICHED 1 PO
T 5. AR THMA LB CIIERT v o —NE ; Y
BHEICT 5 2 & TR OIRBAZHNT NS, £ 2T, "
HMHEY —7 SETHNEEZKFEESZ LT, EERA
[RORMMELE —TICHERFLZ., Z2C, EEHOR
FE s K ONETE IR PH A Olg % & & 1H Bk O BItR % Fig.
LIZRd. 7ok, WERESMHIZL— I 160W, L—
AR 535, 1200mm/s & L=, £9°, &ERERAT—Y =
DHAEIT > TORVERE, B D OREFEILIES 500 -
ppm F TIXE NS00 DEC A 2 FF oA/ 2~ L Fig. 1 Relationship between build area temperature
T3, 1000 ppm ZHBZ % &, e OkE B H % £ /oxygen content and microstructure of prior  phase.
T NRDOED X O IR O IR B-Ti ki b7 2fkE R L1z, — 5T, EEHBEEHA LIZEAIZIE, (001)
Bl AR R & MERR PR EC ORI O BE S 1T, BERIREE 15 ppm & 100 ppm ORICEAT L=, @%, EBHO
FHUDWEFa X I BMEIT A0, FIHKTOBEFEREIX 100 ppm BLFICHERF S50, Lo T,
EEMAGHT 2 2 & C, REL AR/ MR RS AR OB SRR N BT O R RBREELU T~ v 7
ML, BESED a2 U Z INHR SN DHFAN TS B FEAMRZ EBLTE L RN R o T,

2. 2 Keyhole KiBELMIZ E (T 5 HEBRS Ak AE

iR D#AFEZ A1 Conductive IR DAL & Keyhole {R ORI ~DZELICEIN L TWH EEZBNRD.
T T TWB D LPBF ®F Z o A4:1F Conductive JROIRFEIMIC L W /ERIX 1TV 5. Conductive JRD

L
1200 mmvs 535 mevs

wERY
1200 mm's 535 mmis

ol
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VAR CIE, TR T2 & LI CRERE 2. Zhua i v K7 & B-Ti OESEEEE 507 CTd 5(001)
LEEE TR D708, G FITERVO0D)EM & b OHNRMME SR S D & S Tn a0, Z T
*F LT, Keyhole IR OEFIHL A TER S % 5t C LPBF # Ti &4 DMK RS 2 Bt L 72 filid e, 22T,
SNVEIEEIT % 72, Keyhole SRR COREFEILIE S fEAT L=, Fig. 2 (a)lT Ti-sMo &4 (B-Ti &4) @
Keyhole REERIN O EEFEAMETE R A A Lo R AT, T (F—3—/ L) Tl 2 & ol m
T TS AN EEE AT LTV D Z EMamDd . i, ko LPBF THER IND T VX F v v LR
LRIk EE 2 BILD. 7285, Keyhole Jeiindd R HClx, BE AN EEML. —FT, BTl X
F U VRIIHRTE T, 7 AT PO/ S ORI 2RSSR TER ST, ZHUTE— B ARICE
K45 LEZ BN, BRFREMEZRLE.

Z % LT Keyhole IR¥A AL A V72 LPBF COAGRIE M 2 Fig. 2 OICE LD 5. hah, Keyhole IR¥
AN TORMBIERRITER LT, FTETIIARELIMOTEZ X v L EZELDH. ZORE, RO i
TILEEE G MR Lam 7z, 55 ROF SR AR T 5. REHIL, BT REMEHTH7 AN
7 MO/ DRSS B 7 D IRIE A ETE T DB, Keyhole @ B (KHRE) TiE, MERLFELN %
FFOMMIAE R 282 & U COKEFMICEEE T 5. 207D, Zivd OfEEBLOBLAITEZ & 78 - T2 fG fhL DR
% 5| k<7, 2 O Sl
ML 1 DICEE LRV, 2k,
Keyhole Jcuit D R #1 & _E#ETI,
IR & Rk O BRI
ET 5. ZE#gRTZ L
TERFEMEAET LA e .
RS SRR 2 TERL L7= &% Fig. 2 (a) Solidification in keyhole mode melt pool and (b) schematic diagram of
P microstructure formation with keyhole mode melt pool.

2. 3 |HRHMBOWMHMIEL - ERDOEMFIEASIERIFEICRIETHE

ZNHDIR B AHRRDOZE T FRHEIC RIE T B A A L 1400

— T

7. L= 160 W, L —VEREE 1200 mm/s, TR —

FIRFE 15, 100 ppm [ THEFE OER AT — VB LOWAEE g

& bW AT — T L3tk (ON1200-15/100, C:AH = 0

HYNBHZR L, 15:FKIBRF R 15 ppm/100:[7 100 ppm) & 890

DIENOFHMRE Fig. 3 (ORT. WHOEH AT — VTl & 60

L7=abkH (N1200-15/100) 1, BRBRFEIUCESFREOG > £ g ff 1200100

IRV AEEZ R LTS, N1200-100 O YS 13950 MPa, fikibrfon: 2 W . niooas

125% Cdho7=. Ziizxt LT, C1200-15 ((001)AC A AR ) ——N1200-100

5 £ TN C1200-100 (MEREFELIN 5 5 ZARALKL) DT HTIEMEA v P . o5

KT Lz b oo, JEREILM 1 L7, C1200-15 1% N1200-100 ot sirale. &
& [RIER DA 2 77 LT 223, YS 1 1055 MPa & CHIN L 7=. Fig. 3 Effect of refining and randomizing
ZHUE, IR OB AL S SR O MR35 & orientation of prior B grain in LPBF Ti64 alloy
£ 2 BN, ERICERR o -Ti 85RO IEIE 1.9 pm 75 1.5 um 07 tensile properties.
WD T2 2R LTEBY, ZERICREH LRt EIIEREOREELE LWV —F%E2Rd. —FT,
C1200-100 TIEX YS (X 1125 MPa £ TN L, ZOMEWHH N 10.5% & DT IR T T2 6 OO+ 3@ ME
R LTz, T ORESRIRIT C1200-15 L [R%ETH L Z Lovh, FEEE (70 MPa) 1ZIH B AR OMHI L L Ol H
DERIFALICERT 2 DB HN5.

DLED X5z, @EEFMR & EBOEE ZHIET25 2 & T, WRHEIRIX Conductive 7> 5 Keyhole ~ &
2L, ZHICERLCZEDIH B AARRIIHL - EEm o nBEons Z E 2oL, £L T,
ZOIHBHMDOEIICHES T, TORERDEEZDZ L, MEFREOR E2ERT 2R LT

3. &EXM

(1) T. Ishimoto et al., Scr. Mater. 132 (2017) 34-38.

(2) D. Zhang et al., Nature 576 (2019) 91-95.

(3) K. Zhang et al., Mater. Des. 184 (2019).

(4) M.J. Bermingham et al., Acta Mater. 168 (2019) 261-274.
(5) A. Issariyapat et al., Addit. Manuf. 56 (2022) 102907.
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In-Situ Alloying and Fabrication of Ti-Zr-Mo Alloys via Laser Metal Fusion for Biomedical
Applications

NN e R T OAH V¥ Ry b T=Ax, B &2, HH W7, T S, FE Esh
WAL RZEBMEMFZERT bW 3, ke M

by OAmmarueda ISSARIYAPAT, Takayuki MOKUDAI, Junko UMEDA,
Katsuyoshi KONDOH, Hiroya ABE, Kyosuke UEDA, Takayuki NARUSHIMA

1. Research Object
With the increasing emphasis on longevity and a healthy lifestyle, the demand for advanced biomaterials
for medical implants has grown significantly, which has led to an increasing demand for advanced
biomaterials. Ti alloys are widely used in biomedical applications; however, conventional Ti alloys often
contain toxic elements such as Al and V, which pose long-term health risks. Therefore, developing non-toxic
Ti-based alloys, such as Ti-Mo-Zr, via Laser Powder Bed Fusion (LPBF) not only ensures material safety but
also enables precise control over microstructure and mechanical properties, improving implant performance.
This study aims to develop and optimize Ti alloys produced by LPBF using an in-situ alloying approach.
The primary advantage of using premixed powder is the flexibility to tailor the alloy composition by precisely
adjusting the ratio of raw elemental particles. By

15Mo 5Zr-15Mo 10Zr-12Mo
employing elemental powder mixtures, the 283 \\Tifr'fnmf// :
fabrication capability, microstructural evolution, b8 m TiMo ect_or"-,ll_ 6 ll ‘
and mechanical properties of the alloys are \ 0 - T2r]
strongly influenced by LPBF process parameters, 2811 sip F| 4 10Mo
necessitating a thorough investigation of their :3 28 Q.
effects. Furthermore, to ensure the suitability of 8 . S O I N
these materials for biomedical applications, g ‘ Tuin :l
particularly implants, it is crucial to evaluate not & - | T
only their non-toxicity but also their bioactivity. 277 ::'_,,-'“"' ;
Therefore, this research focuses on (i) assessing 276 | ‘
the feasibility of fabricating multi-element Ti-Mo-Zr 075 | .‘ m
alloys through in-situ alloying via LPBF and (ii) 228 23 232 234 236 238 24 242 244 246

Mean d-orbital energy level, Md
Fig. 1 The position of newly designed Ti-Mo-Zr
alloy in d-electron alloy design map.

confirming the bioactivity of the developed
materials, particularly their osseointegration potential.

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

This study investigates the effects of varying Zr and Mo content in Ti alloys based on the 'd-electron
theory," which provides a fundamental framework for understanding phase stability by correlating the
electronic parameters Bo and Md. The mean values of Bo and Md are calculated as
Bo= ¥, x;-(Bo); and Md = ¥, x; - (Md); (1). The selected compositional range encompasses diverse
microstructures, including a, a/p, metastable 3, and B (Fig 1). To investigate the fabrication capability of new
alloy mixtures, two sets of process parameters with different laser scan speeds (v) were employed for
comparison. The macroscopic features of the as-printed samples were analyzed on both the top surface and
the build plane (Fig 2). The binary alloy exhibited high-density printed parts at both scan speeds (Fig. 2a). In
contrast, the multi-elemental alloy demonstrated instability in the scan track at higher scan speeds, resulting
in the formation of defects within the printed structure (Fig 2b). This instability arises due to the high volume
of additional elemental mixing in Ti, which reduces the flowability of the mixed powder. In addition to
evaluating fabrication capability, the phase composition of the printed samples was analyzed using XRD (Fig.
2c). The Ti-12Mo alloy exhibited a fully B-phase structure under both scan speed conditions, confirming that
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the resulting microstructure aligns well with the estimated Bo-Md plot in Fig. 1. Similarly, the Ti-12Mo-5Zr
alloy predominantly displayed B-phase characteristics, with variations in peak intensities depending on the
scan speed. Specifically, the (110) reflection became more pronounced at higher scan speeds, while the
(200) reflection intensified at lower scan speeds. These changes suggest that the scan speed influences the
crystallographic texture within the printed material. Additionally, a small peak corresponding to residual ZrH,
was detected, likely due to unreacted ZrH, powder trapped in defect pores. This observation highlights the
potential challenges associated with powder homogeneity and defect formation during the LPBF process,

which may affect the final phase composition and material performance.
! b T M-I

-

a1) 200 Jime ] a2 130 dmm? T

B(110) i
200

ZrH, | BDT N !
LA 2om__if\,

= Mostly depse S . Mosuy dunse BN
= Limiten delecis Limited delacts B

Fig. 2 Macroscopic images of as-printed samples, showing the quality of the printed parts, along with

their corresponding XRD analysis.
2.2 Bioactivity testing : ponding ysi

Biometallic material intended for use as an implant must meet the critical requirement of osseointegration,
which is influenced by the material's properties and its interaction with biological fluids. SBF testing is
essential for evaluating whether the developed alloy can support bone growth and integration, thus ensuring
its suitability for biomedical applications. In this study, the effect of alloy composition on hydroxyapatite (HA)
formation was investigated. Ti alloy samples with varying Zr and Mo content underwent alkali treatment to
prior to immersion in SBF for 7 days. Among the alloys, Ti exhibited the greatest HA formation, while Mo had
a moderate effect. In contrast, the presence of Zr in the alloy inhibited HA formation, with this effect
becoming more pronounced as the Zr content increased (Fig. 3a). However, the HA-forming ability of the Ti-
Zr-Mo alloys improved with increasing alkaline treatment temperature across all compositions (Fig. 3b). The
enhanced HA formation observed can be attributed to the abundant Ti-OH groups formed on the treated
surfaces, resulting from the ion exchange between Na* ions in the titanate layer and H3sO" ions in the SBF
(2). This ion exchange occurred rapidly due to the distinctive layered structure of the sodium hydrogen
titanate, which was developed during alkali treatment at elevated temperatures.

NaOH treated NaCOH treated + After SBF 7 days

a) TI{80 °C) 1 BRI M i o B ; ::r T 1i10zr-12M0

JTT 8 "5 3 .
A "‘}r_-'}f ;:_?Ilui[f?dﬁd'.llii' ! H

Mostly donse of apatite

Fig. 3 SEM images of HA formation, comparing the effects of different alloy compositions and alkali
treatment temperatures.
3. References
(1) M. Morinaga, N. Yukawa, T. Maya, K. Sone, H. Adachi, Proceedings of Sixth World Conference on
Titanium, Cannes, France (1988).
(2) F.Baino, S. Yamaguchi, Biomimetics 2020, 5(4), 57
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Enhancing titanium osteoconductivity by alkali-hot water treatment

FALK 2R T B thr A T wOEL OB M. R Bl O&m aLAS
RBRR LA B FERT AL HZ
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by Li Chang, Peng Chen, Takayuki Mokudai, Masakazu Kawashita, Itaru Mizoguchi,
OHiroyasu Kanetaka

1. Research Object

Titanium and its alloys are essential in orthopedic and dental treatments owing to their high strength,
corrosion resistance, and superior biocompatibility compared with those of other metals. However, titanium
alloys are bioinert. Previous studies have indicated that alkali treatment (AT) is a straightforward method to
create a surface oxidization layer on titanium [1, 2], thereby improving its bioactivity. Therefore, we
hypothesized that the alkali-hot water treatment of titanium would enhance its bioactivity relevant to
osseointegration. In this study, alkali, hot water, and alkali-hot water treatments were applied to ground
titanium surfaces. Surface analyses of pure titanium, both before and after alkali and/or hot water treatment,
were conducted to assess the changes in its morphology, roughness, hydrophilicity, and chemical and
crystalline structures. To assess the in vitro effects, mouse osteoblast-like cell line (MC3T3-E1) cells were
cultured on these surfaces to predict bone formation, implant stability, healing, and integration through initial
osteoblast adhesion, proliferation, and differentiation. This study was conducted to elucidate the effects of
the physicochemical characteristics of alkali-hot water-treated (AWT) titanium surfaces on their
osteoconductivity, thereby providing insights for future clinical applications.

2. Experimental Results

Commercial pure titanium plates were ground (CP Ti) and subjected to alkali solution and hot water
treatments (AWT). Single-process CP Ti specimens were prepared via either AT or hot water treatment (WT).
Network-like structural features were observed in the AT specimens, and were further refined and densified
in the AWT specimens, which as showed in Fig. 1.

CPTi AT AWT

Figure 1. Surface morphologies of all the specimens shown in SEM images: (A, E) commercially obtained
pure titanium (CP Ti); (B, F) alkali-treated (AT); (C, G) hot water-treated (WT); and (H, I) alkali-hot water-
treated (AWT). Scale bars are 5 um (A-D) and 1 um (E-H).

The surface roughness (Ra) of all samples was quantitatively measured using a 3D profiler (not shown). It
showed that the Ra of the AT and AWT specimens were consistent with those Ra of the CP Ti and WT
samples. Water contact angle testing (not shown) revealed that the hydrophilicity of the titanium specimen
(80° for CP Ti) increased by 19° for the AT specimens but decreased by 59° for the AWT specimens.
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To assess the in vitro effects, mouse osteoblast-like cell line (MC3T3-E1) were cultured on these surfaces
to predict bone formation, and integration through initial osteoblast adhesion, proliferation, and differentiation
as mentioned in previous studying [3-5]. “ e B

Figure 2 shows the cellular morphologies
and parameters of the cells adhering to
the titanium specimens. At 3 h, all the &
groups exhibited smaller cell areas. At 6
h, the cell polarity was enhanced.
Especially, the F-actin in cells on AWT
showed a superior multidirectional stretching
compared with the other groups, closely .
followed by the WT and AT. At 24 h, cells -
on all surfaces exhibited increased
spreading and clustering. However, the
distribution of focal vinculin adhesions
appeared more uniform and consistent in
cells on AWT, which suggests that the &
cells on surface of AWT quickly develop
stable adhesion and execute their
potential biological functions.

ALP expression levels, an indicator of
osteogenic differentiation, was assessed

i

E

=

B
:

4h
Cirewlarity of exlls
:

v
Culturs tima [h]

Figure 2. Morphology of MC3T3-E1 cells attached to the
titanium specimens after 3, 6, and 24 h of cell seeding

(Fig. 3). The ALP level in cells on AWT ECPTI L
was always higher than that for AT and 24E-05 gf: *
WT throughout the week. On 6-d and 8-d, = CAWT +
the ALP expression level of cells on AT S aTces '
and AWT was higher than that on CP Ti E 166405 h
and WT, indicating that cells on AT %

surfaces had better  osteogenic |:|3

differentiation. However, the sharp O 80E06 |

increase in the ALP expression of CP Ti,

AWT, and TCPS (control) on day 12 was 0 ; : g
much higher than that on 10-d, possibly 6 8 10 12
owing to the formation of a continuous Culture time (d)

Figure 3. Osteogenic differentiation of the MC3T3-E1 cells
cultured on different specimens. The ALP activity levels of
each cell were evaluated through absorbency on days 6, 8,
10, and 12 after incubation.

cell layer. Our results showed that the
osteogenic expression intensity across
four surfaces was sequenced as follows:
AWT > AT > WT > CP Ti.

Overall, our findings highlight the benefits of alkali and hot water treatments in promoting the
osseointegration of titanium implants, and suggest new strategies for orthopedic and dental applications.
Future studies should examine the long-term performance in vivo.
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Effects of building parameters on the microstructural evolution and mechanical properties of
Ti—6Al-4V alloys during electron beam powder bed fusion additive manufacturing
by OKenta YAMANAKA, Manami MORI, Neeraphat KUNBUALA, Phacharaphon TUNTHAWIROON,
Shota KARIYA, Katsuyoshi KONDOH, Yusuke ONUKI and Shigeo SATO

1. AREH
S BB x5 & L7z Powder Bed Fusion (PBF) # 1 7°® Additive Manufacturing 7' 2 % 2 Cid, &BHE

IZL—H— DV FE T —2L (Electron Beam, EB) % ERAGIZIRH L CIARMEERET 2 = & T 3 RockiiER
ZERT 5, L E T E—AREEEE (EB-PBF) 3@ R /X —0 EB (T X V) RIFRHK K65 O K %
I TE, BBEREERNMEOND HBRERHFHUTH D, £, EEHROEEICERN L-AE—7 8
GOIEE BN E LTS X —_y RO TEINEAO BRI 720 HR & U CEYSINTIER L 7= El om0k &
IS ORI FRETH D, LI o T, AREREIOMIZETH 20512381 DS 72 & O BB ~D
IS bHEA TN D,

—JF. U2 AV N T TR TR & 72 im AR 2 R U 72 e 7e & RrE 7o R Al 2 1) H
THIENTE D720, FrrERE-CH BB ~DIERIC K E e fIFFnE E > T %, 512, EB-PBF CTld 7' 1
T ARG A—H EMRIA BRETE D720, ML S SlELOBEN L bIEHZED TN D,

FELIX HBINARTI A4 TH 5 Ti-6A1-4V 54 % %5 & LT EB-PBF |24 2028217 > C& 7= 13,
ARFZE T, FEx OERIHEICB O TERL L 72 Ti-6A1-4V A& AR ORI OV TRET L7, MRk
BT, BWEREZ A L, 2L 7 MEESENE O a2 AV, B, Mo, A5
Z R L7z,

2. IEBR
2. 1 EBAE

AW THW =3B OERIZIE Arcam Q20plus i L7z, EERTFOEELI LT D20, ET
E—ADHT] (P) BLOERHEE (v) 22 b EH, Line energy (Ei=Ph) ORI 25 3 FHEOERIAZFE LT
NR—=Z2F b — s ECER LT, 2O, TOMOER/ T A —Z IR ERFEICBOTHR—OMEE L, R
RITZEFFHMBER TR (BD) & ¥ATE 225 KO IThLE Lo, 15 b A7 ili friox L CEA S 7 BHMEE (SEM)
M OEF#rE T HGELETE (EBSD) 2 MWWk 21T o 7o, PEFEIPTI2BRIT J-PARC @ iMATERIA
BL20)ZTHEME L, FoNEHr7 7 7 7 A LIk LT Rietveld Texture fi#HTIZ K 2 EEA AR « H 53 285AM 3,
Convolutional Multiple Whole Profile (CMWP) 5|2 X 2 #a(0 8 B AT 2 2 9205 L7, 7o, JIFPREOFHM &
L Tl iR A 1T - 7=,

2. 2 HE#ER

Fig. 1 12, B2 2 EBRIMFIT TR BTz Ti-6A1-4V G4aE KD SEM 4TS (BSE) B %7~ As-built
M OMBITNT I HERIR a+ B HLEkEZ A L WA, BN X v b L, EBEFICEFEL TELT 5
ZENbhote, TOZEIE, TRMBEENRFE—TH-> TH ABENE MM EL 525 Z L 2R
LT3,

—J7 . A EIPTE L OF Rietveld Texture fEMT Z FEIZIRE L 72 As-built £/ O B A3 31T ENCHRAFE T, W
NOERRMFIZIBNTHHI 5% Th o7, o, BEMMEHE (Fig.2) Tl K B &8 WTIH B fHD<001>
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Be e B — o'~ /L7 YA RNERRIZET D Burgers OBRZ RET DS AN DB S iz, E 3N
(D EELOEAFR OBLH B ITHEM L=2, S5I2E BT, BRI a MO ¢ i3 E A L7 EA
FHARICZMET 2 Z E ML/~ 72, EBSD HIEZ HEIZIH B KLOFES HN i R L= 2 A, E
K17 LT a FHOESHRRZLIZIB BRI OBEBERLRR O BB IR 35 Z &R ST,

HER & [FIRRIZ SRS BRFHE b & ARMHITKT L T8 L LT, FRIZ. 02%IM 01 Er onE & bz,
aFHDH A RN K D HEK D Hall-Petch BRI FE D S BEHNTE 7202 E R B & 72 o 72, AAFFE TIZ CMWP
EERWT E ERAUEE ORISR & E BN, o FHORGILZIER L 0 HEA5RLD EssE IC W CEHEE
ThHZ EEZRALMNT LT,

3. ZEXM

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

(2) K. Yamanaka, A. Kuroda, M. Ito, M. Mori, H. Bian, T. Shobu, S. Sato, A. Chiba, Quantifying the dislocation
structures of additively manufactured Ti—-6A1—4V alloys using X-ray diffraction line profile analysis, Addit. Manuf.,
37, 101678 (2021).

(3) M. Mori, K. Yamanaka, Y. Onuki, S. Sato, A. Chiba, Analysis of hierarchical microstructural evolution in electron
beam powder bed fusion Ti—-6Al-4V alloys via time-of-flight neutron diffraction, Addit. Manuf. Lett., 3, 100053
(2022).
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Fabrication of Cu- and Zn-added amorphous calcium phosphate films
and evaluation of their antibacterial activity
by OKyosuke UEDA, Nanako KURITA, Kouetsu OGASAWARA, and Takayuki NARUSHIMA

1. HIRE®

N TSR AT DESCE B A > 7T b OHARE S OB T S 22, B & OO TR[E 7k
BBROEND, —F, T3 AHABRIZFUTEALITIIE T D FITEALEYYIE (Surgical site infection, SST) i
BN T AL ADORANNETDHZ L THERZIEND 2D, TAL AREA~OHEEOA 5 H5RO LT
%o bbb, EMEAME PO 2R 2 RELIEEN RO LN TWD, YT —TTIEIhE T,
RN 2 T D IEME Y VIR LY 7 AACPIZEH L, RFE ~Z7 32 b ARy Z ) U 7HEICL D
ACP =1 —F ¢ o VIEOERIES L OVEIRNA T 21T > T X 72, ACP 21— ¢ o Z BT HR AR T 36 L OVERK
WML, BEREZRESEDLZ E2WE LR 1,2), AT, ACP IZHIFEMETRE TH D Ag ZiRMLTZ
Ag-ACP 2 —7 ¢ » JTRZAERL L | ACP ORI ED Ag A A VI XV B2 8B T2 Z L 2B 68T
L7z 3), MiENniz Ag A & 3ENHEMZ R T OO, AENICHET S Cl A 4> LG LT AgCl
ZHIHHLTCLE D 4), Cu BEV Zn LIIFEMEZ RTEBTHETHY . S HIT Ag ITHARTHEROTFREENK
L, O SV, F 2 CABRE T, PIEECHETHD Cu BLO Zn ZIRINLTZ ACP 2—7 ¢
VUMREAERL L. F OMBPERFE X OWUE MR &2 1T o 72,

2. MIEEE
2. 1 CuB&UZnHFEMACP O—T 1 VIV IROERE & UM HZRETE
BALY L g = v APB-TCPYIRIZ A T4 E (@)
JVAYERTO.1 £ 725 K 912 CuO £72138 L O ZnO ¥
RERAEL.ENOZFR Yy N VA LB RZ 2 —
4> B(Cu-TCP, Zn-TCP) & L7z, RF ¥~/ % hr A
PNy B Y BRI BT T3EMM(CP) Ti ks
X7 T 2 MVER Ti-6A1-4V A4 FEH(10x10x1 mm)
FIZHEIE 0.5 um O a2 —F ¢ o A /ER L 72, Fig. 1
\Z Cu-TCP 3 X WV Zn-TCP % — 7% > b Z W CHLm b
BETi Fefk BIC/ERL L 22— ¢ v Z D Wrimi TEM B35
FOEFTR ZRT, WTFNo X —4 Y N EHniza—
T4 TR TS R E L <EE LB K
ThDHIENGNH BN LT N — X2 — L
RS S AL 78 75)07?0 XRD 7745 & U8 XPS 3477 5 patterns of coating films fabricated on mirror-polished
bRGAREARO Y 7T VIR D NR DT 2 LMD, Ti substrates using (a) Cu-TCP and (b) Zn-TCP targets.
INboa—7 4 v 7EIISEREMETH Y BN LT
CuX Zn L ACP FICHEEL TWAH EE X HNLD, L
B, chboa—F 47 % Cu-ACP B L
Zn-ACP L #7195, Fig.2 |2, Cu-ACP 35 L TN Zn-ACP
=T 4 Y VWED XPS (L HWHEHK T =B 7 7 A j ur
BT, WTNOa—T7 4 VBBV, ot |- _ £ -
F(Ca, P)B L OWRMTEHE(Cu, Zn) RS MK LT b=l e e
B2 LTV, 7285, Zo-ACP BITIVTE,  F e o il
# RF NS TR AT 5 & Zn DSEHGIHIZIRL
LTLEo7eZ b, B—RFEE RS 51T,
RF M) OfdE b S ETHDH Z L2 R LT,

Coating film

Fig. 1 Cross-sectional TEM images and diffraction

Fig. 2 XPS depth profiles of (a) Cu-ACP and (b)
Zn-ACP coating films.

P-85



e 4
BE= ﬁﬁj’%ﬁ%iﬁ%% — Research rem

2. 2 BEURKRREICES CuB LU Zn FMACP I—T 1 VT EDBEMEEE
BEERRE L TR AR e ; ; :

BEVAFATI ALY i, 3l IR :
(TRIS)-HCURE Ml =i o v o | 5 |e—o AEN
HRBRICED, a—F VT 5 i i
DM E T >, 57 37 )
TRISHCUBEAR 20 mL 27 £/~ “ | fe/f "t L =2
SR NOBEER EICERHLE S F o ) B

Cu-ACP B X Zn-ACP =1—F
o > 7R B T E O MR iR
L. ZOBEOWEHA A REL
ICP-AES |2 & Y #l%E L 7=, Fig. 3
12, Cu-ACP ¥ L8 Zn-ACP =
=T 4 TEP DM LTS A AU RE L RERMOBGRE R, 2k, ik L TERMNO ACP =2 —7 1
v I PEDOFER B R, ACP B LU Cu-ACP 21— o > ZEIZB W TIL, 127E 10.8 ks BICBWTHA 4o DR
HAR SN, ZTOH%—ETH o7z, RIEHIERD EDX O bida—7 « v ZEy i Sz ho7z 2
EPD, 108 ks IZBWTIES 0.5 um D2 —7F ¢ U TERSERICER LT Z L 2R L TW\W5, —J ., Zn-ACP
a—7 4 BBV TIL, 86.4 ks DIRIEE TWTNOBEHA A & HIM Lkei) Tz, Cu-ACP B LY
Zn-ACP 21—7 ¢ N5 D Ca, P 3 L OWLHETEHR(Cu, Zn) DX AIRETH D Z & Zn IINIE ACP 22—
A ¥ T IEOERIRMEZMHI 5 2 & 2B b L,

Fig. 3 Change in concentration of eluted Ca, P-related, Cu, and Zn ions from
(a) ACP, (b) Cu-ACP, and (c) Zn-ACP coating films with immersion duration
in TRIS-HCI buffer solution.

2. 3 BUARREIZLED CuBLUZn HINACP O—F 4 VY EORE M
KBEEZHWEY = — 71

YN ST i BT E (mEELe | § [9EE-
PEAFRAG L7, MIIEIRE 105 A i "
CFU mL' ORIBWKS mL &7 27 S N el Y

F A MAVERFERR EICERL L 72
ACP, Cu-ACP 3 L TN Zn-ACP = & T ;
—7 4 T EEFTEOHM, £ F . R 5= & g, pa— i £ s .
IR E O R, WEIRPOER ‘Shaking tima, b k8 i e e . .
AR EHRARIEIC LI Fig. 4 Change in number of viable E. coli with shaking time for Blank and
FELT, AEKEIEL O R (a) ACP, (b) Cu-ACP, and (c) Zn-ACP coating films.
MWOR% % Fig. 4 [IRd, 22—
T AV TIREANIRNVTIRE 9E#E L7277 7 Blank) B LN ACP 2—7 ¢ > VA ANT-FMHI128 W T
WL IR E D BEERFR OISV AEREEIIIEI L7, —J, Cu-ACP B LW Zn-ACP =2 —7 1 U JJEE AT
FIFIZB O TAREBITIE L O BRI & & IZi L, FFIZ Cu-ACP 22— ¢ A A= &I W T
1% 86.4 ks % THAREUL 0 (X Tldl &KL &Moo,

PLEDFERNS, Cu-ACP B LW Zn-ACP =2—7 1 v T TEIIABRNIZB W CTEfREMEEZ R L, Cu BEW Zn
A F O EOHIEMNEZ BT 5 Z EAHIfF X 5,
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calcium phosphate films by radiofrequency magnetron sputtering, Mater. Trans., 46, 2246 (2005).

2) K. Ueda, T. Narushima, T. Goto, T. Katsube, H. Nakagawa, H. Kawamura, and M. Taira: Evaluation of calcium
phosphate coating films on titanium fabricated using RF magnetron sputtering, Mater. Trans., 48, 307 (2007).

3) J. Wu, K. Ueda, T. Narushima: Fabrication of Ag and Ta co-doped amorphous calcium phosphate coating films by
radiofrequency magnetron sputtering and their antibacterial activity, Mater. Sci. Eng. C, 109, 110599 (2020).

4) 0. Gokcekaya, K. Ueda, K. Ogasawara, H. Kanetaka, and T. Narushima: In vitro evaluation of Ag-containing
calcium phosphates: Effectiveness of Ag-incorporated B-tricalcium phosphate, Mater. Sci. Eng. C, 75, 926 (2017).
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Acute antimicrobial efficacy of gram-negative bacteria by pure copper coating using multi-
beam laser metal deposition with blue diode lasers

FALRZFLRZFBEwAAZER OB Mh. & 5478
KRB R FZ BRI FEAT wEOBR, Prep R, ek M. BOR HER
ALK& @ B e AT AR &2

by OPeng Chen, Tamaki Yoshida, Keisuke Takenaka, Takayuki Mokudai, Yuji Sato,
Masahiro Tsukamoto, Hiroyasu Kanetaka

1. Research Object

The acute antimicrobial effect, characterized by the rapid reduction of microbial populations within minutes
to hours, is critical for preventing infections and maintaining hygiene in high-risk environments such as
hospitals, food processing facilities, and public spaces. Rapid microbial eradication minimizes the risk of
biofilm formation and pathogen transmission, which are significant challenges in healthcare-associated
infections. Elements like copper, silver, zinc, and titanium are widely recognized for their potent antimicrobial
properties, with copper being particularly effective due to its ability to disrupt bacterial membranes and
induce oxidative stress. However, applying pure copper coatings directly onto materials using additive
manufacturing (AM) techniques presents challenges, primarily due to copper's low light absorption and fast
thermal conductivity, which hampers efficient laser-based processing. To overcome this, advanced
techniques such as the multi-beam metal deposition with blue diode lasers (B-LMD) were developed [1, 2],
enabling precise application of pure copper coatings on complex surfaces while maintaining controlled
thickness. Our study evaluates the acute antimicrobial efficacy of such coatings against gram-negative
bacteria.

2. Experimental Results

Stainless steel substrates (SUS304, 15 mm x 15 mm x 5 mm) were used for copper surface coating via B-
LMD, referred to as LC-Cu. The laser processing conditions followed those reported in [2], with a scanning
speed of 50 mm/s, a powder feed rate of 50 mg/s, and laser output power ranging from 160 to 240 W. The
hatching distance was adjusted between 110 and 350 uym, corresponding to approximately 20% to 70% of
the width of a single bead layer. Additionally, a pure copper plate (Cu) was used as a control.

4

[ =T

Figure 1. Photo of specimens used in current study. Specimens from left to right are: SS304, Cu, LC-Cu.

For antimicrobial testing, a modified film adhesion method based on JIS Z2801 standards was employed to
evaluate the antibacterial efficacy of the coatings. Escherichia coli (E. coli, JCM 5491) was selected as the
model bacterium, and testing was conducted under conditions without direct light exposure to eliminate the
influence of photochemical effects. The bacterial suspension was applied to the surface, and exposure times
of 3, 5, 10, and 15 minutes were tested to assess the rapid antimicrobial effect. Unmodified SUS304
substrates served as the native control, while Cu was included as the positive control to benchmark the
antimicrobial performance of the coated specimens.
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Compared to uncoated SUS304, Cu-coated substrates demonstrated significantly superior antimicrobial
activity, with bacterial survival decreasing markedly over time (Fig. 2). Within just 5 minutes of contact,
bacterial survival was substantially reduced compared to both the uncoated control and the 3-minute
exposure group, indicating a rapid and effective
antimicrobial response. By the 15-minute mark, ;
nearly all E. coli bacteria were eradicated,
highlighting the potent bactericidal effect of the o '
copper coating. This time-dependent antimicrobial
activity is particularly promising for high-risk
environments where rapid microbial inactivation is
critical.

The LC-Cu coating not only enhances the : 7
antibacterial properties of SUS304 but also .

S —==g i

addresses the need for effective surface e ol e
modifications in healthcare and related industries. / '

In hospital settings, where bacterial contamination § :
poses significant risks for cross-infections,
surfaces with LC-Cu coatings can serve as an
additional line of defines, reducing the spread of
pathogens and improving hygiene. Furthermore,
the technology is equally relevant for medical
devices, particularly for implantable materials,
where bacterial infections can lead to severe Figure 2. Photos of bacterial colonies after 24-hour
complications such as delayed healing, tissue incubation following attachment to LC-Cu for 3, 5, 10,
damage, or implant failure. By minimizing the risk ~ and 15 min.

of postoperative infections, LC-Cu-coated implants can improve surgical outcomes and patient safety,
reducing the need for antibiotics and associated healthcare costs.

Looking ahead, further research is required to fully understand the physical and chemical properties of the
LC-Cu coating to maximize its practical potential. Key areas for future investigation include analysing the
coating's density, the chemical state of copper within the deposited layer, and its structural uniformity.
Additionally, it will be essential to evaluate the potential release of copper ions from the coating under
physiological conditions, as ion release could significantly impact both antimicrobial efficacy and
biocompatibility. Such studies will provide critical insights into optimizing the coating for long-term stability
and functionality, particularly for applications in implantable medical devices where biocompatibility is
paramount.

Given its robust and rapid antimicrobial effects, coupled with the scalability of the B-LMD method for
applying Cu coatings, this approach holds significant potential for diverse applications. These include
hospital surfaces, surgical instruments, implantable medical devices, and even food processing equipment,
where microbial contamination must be controlled. The findings underscore the practicality and versatility of
Cu-coated SUS304, while future studies will help to refine its properties, ensuring safe and effective use in
environments requiring stringent microbial control.

This work was supported by the Design & Engineering by Joint Inverse Innovation for Materials Architecture
(DEJI2MA) project from the MEXT, and a part of this research is based on the Cooperative Research Project
of the Research Center for Biomedical Engineering, Japan. The laser process was performed under the Joint
Usage/Research Center on Joining and Welding, Osaka University.

3. References

(1) K. Asano, M. Tsukamoto, Y. Sechi, Y. Sato, S.-I. Masuno, R. Higashino, T. Hara, M. Sengoku, M. Yoshida.
Opt. Laser Technol., 107 (2018) 291-296.

(2) T. Yoshida, Y. Sato, K. Takenaka, P. Chen, H. Kanetaka, T. Mokudai, M. Tsukamoto. J. Laser Appl., 36
(2024) 042035.

P-88



ﬁﬁ‘?’%ﬁ%?ﬁ%% — Reseorgilkresult report vA

Research result
GYF 1 A - AR R
BE BRI 2 M A L= =UE 0 & R & 5T
RBRFHARERGT AR ER BRI ORfEZ

FALRZR St A 72 Il As, RIS
ALK BB FE VLT ARSI, FEES
FALR AR 2w S 0 S2 T JNHEB, REEER

Fabrication of bubbles using ultrasound techniques and evaluation
(OTakayuki MOKUDALI, Hiroyasu KANETAKA, Michi KAWADA, Peng CHEN,
Daisuke TADAKI, Ayumi HIRANO-IWATA and Michio NIWANO
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1.  Masayoshi, T.; et al. Free-Radical Generation from Collapsing Microbubbles in the Absence of a Dynamic Stimulus,
J. Phys. Chem. B 2007, 111, 6, 1343-1347

2. Takayuki M et al. Radical generation and bactericidal activity of nanobubbles produced by ultrasonic irradiation of
carbonated water, Ultrasonics Sonochemistry, 2024, 103, 106809
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Reconstruction and spontaneous activity analysis of cultured neuronal networks with directional
intermodular couplings
by ONobuaki MONMA, Hideaki YAMAMOTO, Ayumi HIRANO-IWATA, Shigeo SATO, Naoya
FUJIWARA, and Takashi TANII
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Mechanical Properties and Microstructure Observation of Biomedical Au-Cu-Al Shape Memory Alloys by
Introducing Investment Casting Process
by Yecheng LI, Kang Wei GOO, Naoki NOHIRA, Azusa OOI, Tso Fu Mark CHANG, Masaki TAHARA,
Tomonari INAMURA, Masato SONE, OHideki HOSODA, Hiroyasu KANETAKA and
Masakazu KAWASHITA
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EERDN S TERIS T CTOBATIC L B HAZE L% EDS H1iz & v i~
k%%,%ﬁ%yfw®%£%#B%T%if@ﬁ%w@iln@%
Al &N E Dotz Fiz, FESRLOMER OSLTIC L AL mAT e &
LR LN, ZD7=d, DSCIZ LB~V T A NEREIRE D
QCREEGATIC L DX IT/NENh o7z, 2D, KEiFE L

LTI LI eV, #INTHM THD Au-Cu-Al BEDORIBIEE L
THEHEGEITEVEIRE W D,

Au-Cu-Al G&8EEM OFERBR T, SIEEMEITISIER ST
o7, BEEE D SEM BB % Fig.5 (289, TT#%%&% oML T
Wbkl E%h/%%@%Ekh%%é%uﬁﬁbt&%x6hé.-ia 12 s
A%, L EeieiEHERID 7= EEE T DR T DI 2N
A, BV, AR e g e S SEMIE AR G5

||

3. F£&H
mmmmAémﬁaﬁL IR LTz, $51EM O ~HEZENI2~10%FEE TH - 7=,
f% SO TED B _EEII T TREBRRIEN KRE <20, KRB LT-.
BATIC X DA ENT Imol%l F T, w7 %A MERIREDIES S& b 2°0CKHTH - 7=
Au-Cu-Al $58E411%, A7 ICRKT 2RIz L0, Mkl Tch-o7z.
BEE TR O R T O34 A IEIT D8RG T 1E, BB L, AR OBRBR ERNETH S.

S E XAk
(1) J.Noble, S.I. Ahing, N.E. Karaiskos and W.A. Wiltshire, British Dental J., 204 (6), 297-300 (2008).
(2) K. Goto, Doctor Thesis, Tokyo Institute of Technology, (2018).

M

(3) AHEFR, WESC, REEZ, W%, HEIER, REt, SRV, emolis, AARESRERE,
80 (1), 27-36 (2016)
(4) VSR, REAZ, WA, BBV, SmoAy, BFIERS, Weiit, MEHE, BRSBTS

80 (1), 71-76 (2016)
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Creating Heat-releasing Drug Delivery System
- Addition of thermal drug releasing functionality to composite nanoparticles -
by oNobuhiro MATSUSHITA, Aiko SANO, Yuta KUBOTA, Yasutaka Anraku and Toshiyuki IKOMA

1. BIREM

RN THM & @5 2 5507 R - BEHIE L, BDOR K EZ I HEDO DI KT v 7T YN —
AT K(DDS)R B %, WAL IIMKAFEIZ L > T DDS F. 7% HIUNE £ CHIERTRRICT 57 =74 M kL
T L. B OMILE R OHREILICE VER XY VT & L THERARER A Y R—F 2+ / 2V IR (MSN) %
MG 7 ar Ry y MRAZEGR L, BERFEORIEIC &V 0 I REGEHE A 7 RE 72 faFnig LAl 2
HOZEEMR LI, AFEIX, 20T ) 3R Yy MRS TRBEGEUIN U 7o 58 Bkt 2 553 5 & iz,
B 1R EUSE M Diels-Alder(D-A) ST X o CRER I 72 W ik DS rTBE 72 A B F- DA R~ &

a7,

2. HAERE

2. 1 #HEFT/HAFORKBMLBEDOEHRE LR

FesO.7F /Ri11%. 120kHzD /& & 1
P TORBGRP R bmW\E SN
PIPRIAR11-12nm FREEE L, ZHE A VR
— 7 AV J CEE ORI DDSIZ
T5HEEZHINDH60nm FEEICHHE L,
MSN D JE 7 73Fes 0. DREEFFERL L O
FEGFEICEEEZ B2 D b, B
DRI ROBEET /R OFREFEE 2 I
£ L.DDS kif& L ComtEzat Lz,

K202 A Y R —F AU A HIZFe;04F /
W2 NE LT-EET ki OXRDH A
77T LEkRT, Fes04F /R IZMSNH
WCAEINTHAERVE—7 28 Lk
L LIZRRETH D Z L DR TE 7,

B34 [ OFT-IRZ 78928, 1087, 960,
794 e |2 F U Z AU Si-O-Si D F6f B e,
Si-OH & TYSi-O-Si O ki #fifi i & Si0, Hi 3k D
=7 NI BT, £723410 em 2B — 7
MWHHILDH Z &b MSNE (2 ifF B
Si-OHDAFEN /RIE X v, SMANZFEH LT
DDIISIOFETH D EBZ LTz,

K427~ T TEME D 5 134960 nm D Fe;04
F ki EMSNINICINE L7 i 2 Bt > C
WA EPHERTE 5D, T Z CFes047 /KL
T OJE Y OMSNJE JE X MSNAEBLIKE O £4
FRALEF S5 Z L THREERETH 5.
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DOX: Doxorubicin (a type of anticancer drug)
K1 AVR—=FALV I,/ T=F7A hariRyy T/
Ki-Fm NS D Diels-Alder [tz FI i L 7= 3¢ ik H
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L 1 i i L L 1 i L L L 1

3400 2400 1400 400
wavenumber({cm™)

X3 FeOsF JRifWEA YR—=F AU BOFHR X4 FeOyF SR fPVEA VHR—F A1) IOTEM

sANRE 10 mg/mL

100 : 80
5 ! '
E : 70
E 0 r i Fe;0, _ MSPI(60 nm) 60 i 40n r:j]o: _"36._'-’5\.é .
5 | S _ i nm : 52.
% '/Fi;li'—';_' MSPI(40 nm) 8 i
N prrmmmmmmmmmmmmm e o 350
[ Fe,0,_ MSPI(50 nm) =] |
=l [
2 ] 40 |
£ i
£ 30 |~
-100 1 L 20 L .
20 1 0 20 0 20 40 60
%Aagnetic f?eld H{kOe} Time(min)
X5 $ip 2RI % SO FeOs R 17V X 6 e 2 ¥R % b D FeOs T R A
AV IR—=F ALY HOBERE AT ) A A I R—=F AV I OFEENEE

2. 2 HET/HFOHMKENLFKBSFEOTE

X 5 (2B AR 40-60 nm DEA T/ Kif-& Fes0sF R+ ORR e ATV VA —T"%xd, HAET /K
FIEFEBENED Si0, B THE I TWD Z &b, Fes04 7/ B 1 & e R TR R E < WL T D LD
D, SiOx BIENHE X TR RN K E L 2o TH JIE PR LEITEAD LTy, —J5, (=S
BHEE % 10 mg/mL & U CHRIE L7 BEEEE A2 7, AT /R O5ET Si0 BRI IFET 57291
FesO4 7/ K L b _RTIRE ERA B0 Th 523, Si0 @R EWIRCEERIR D /NS WENIHEA L S < 7
0. SEEPRIFEDS 50 nm LU THIUZ 45T D-A FUSHE Z V155 50°COICEIE L2, Z ALl MSN JE 25w
ZEERLFRIOMEERBRLS bz tE 2 b5,

INBORERND, Si0y DEHLOEENNTAAFIBACIEIC SIE ERE LRV, BEEEICE 2 2 B EIT/h &
<IN, AT R OHELN 50 nm LLF THIUE D-A UG A & L2 BEVEIE 50°CIcREd 5,

3. TLHESEDFIE

FEENEE D35 < ¥ — 72 EERIR11-12 nm DFe;04F /K% A VYV iR—F A U ZlcNg LR T 7 kL
FERAERLL7=, RIRIZOWTIEREOSIOJBETEDL L, b —H IV OEPRiRH40~60 nm & T4LIEL, H
AN BRI ST DA XTH Y | 50 nmbPL F THIULE BRI L 2B TD-ARUS YR &b
50°CIZEERRE Th o 7o, SHFEDOMIEIC LY . BEKFHEIC X AR T & 5DDST /R IR A 3
HOHBSREMT 5T & o, A %L OBYRED-ARS 2RI U7c A 2RI FE L LTV,

4. SEXH
(1) Mohaned Hammad, Valentin Nica, Rolf Hempelmann, On-command controlled drug release by diels-Alder
reaction using Bi-magnetic core/shell nano-carriers, 2017, 15-22.
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Improving the functionality of antibody molecules based on the discovery of novel functional sites
by Saeko Yanaka

1. HAEEH
1. 1 Foy Z2BIKE 1gG D Fab fBEIZH 1T 2 E R OB

s m 7Y G (IgG) @ Fab fElEklE, PURZFRFRT 57217 T, Foy &K (FeyR) &V 74 A &
LU CTHAEER L, PURGEEN D=7 = 7 Z —{EERE~DE SRR W TEHEEREFH ZH TS Z &
DIEFEH ENETRoTETWD, LML D, ZOMAERHOFEMIIRIZEAATH D, 1gG DY 7H A F3
FcyR EOFAEERZ N LT T = 7 X —HEEORMEED D0 T A W = X LOFMER LT 5720,
Fex XEREBRERA LT 70 —F 241/ -> T 5,

1. 2 EUIHEED Pro230 A IgGl DERIEE & HEEIC 5 2 2 E DM@

IgG 73 Fid b FOREERIZI W THERBHEO EE 2% E 2o TR Y, PUREZRHT 5 Fab filk, =7 =
7B = EAEAERT 5 2 & TRIERETEMELT D Fe fHlk, Th bz o< v VN ORI N D,
b UREEIT [gG ISR E 7o b L, EROBEEM TR T 7o —FRHEEETH D Z Lnb | 1gG 4y
FEROWHENE L TUIZ L DAL IR > TR, b PHEBIIRIRTH D O D, Tl —ER[EE
WNTEAE L, MIZROBEHN B o DR O TEICHFEE L T\ D, ABFE T, MIZOBEHE Th o b o Dl T
RN 1gG 53 F DT IRIEETE AL & I L~V COKREIC G 2 D BA AT Z L2 AN E LTRHEMICT 2
J BRI RE AN LT,

2. EHRR
2. 1 Fcoy ZHIKE 1gG O Fab $BEICH 1T 2 E A QR

HFENFEY I 2 L— a2k, Fab ho¥ 7 YA b
EEDARR 1gG L7 2 7 X —3 - OEEIROETT VS
L7z (Fig.1)., IgG & FeyRIlla DY 74 A k&S L=+ ANEH
O E LTI, 1gG DEFFEIKD Cul & CL DWW UITHH
HEMT2 2 DOFETAPREINTNDEN, KET IV,
INETERMIHESN TS Cul & OFEAAEHHEIK O H
iz T b D Tholz, HHNTZET /LD IgG & FeyRllla O
FAEAERREOERICESE HAEMEHEZERT S 1gG W&
EEEHT 5 Z SIZBRYEATR,

FO R 572 FeyRIlla & OFMAEAEA OV 7 A b LHEE
ENBEITONVTEF LI B REZEH L, Pk Figl 2780 %YIab—varitdsd
Rl (ADCO)EMEZ LR—4 —T v A RICEVFHli L7z,  Fab OV TV A haFL4aR IgG £x7
ZFORER. T OEI~DLERE AN ADCC iFEHEZLEFHE =7 4= FOEEEROET IV
HHZELERLIZ, ZHICED  ETNVOZYMEEZRRGET 5 2

LRTET, TRLEREE OB REE 0] o

DVR—Z =T v&A % FeyRl & FyRIIa IZOWTHFEML,  § } - G166K

BRI L DIEIEO LD EA FoyRT & FoRlla Tz £ —t s

ZEBBALME T, B oo
E 51T, ADCC IEHEAZ @D D120 DUEROIEHIC HEY 3 & D212k

FLATE, 1gG @ Fab fHIK & FeyRlIlla OEMRIZ L D51 X HWIT . ! ' '

# B L. Fab SEIEOY 7 A MMEFICEBSEN FCEEMR % b P ot concentaton (ogsem) |

OT 2 R A B AT SH 2 LT, ADCC iEMEA BT 5 =

LIERI LT 5 (Fig2), Fig2 # 74 FAsHilko ADCC I
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2. 2 EUUMEE® Pro230 A 1gGl DERIEE L MEEICE X 2L DB
2. 2. 1 AP230 DEREERBIZDULNT

b UREE FEC T D Pro230 705 Leu234 £ TOT 2 BRI A | BT ORI S S RIA 2 gL
MR ELRZE N TER L, o IREEZHBE Lz, £/ LC-MSMSIZX Y VAT A VRO ALVT 4 K
FEAOREEREA Lz, TOME, AP230 BRICLV IgG B0 D Z ENH BN E o7, AP230
BHEIZED 1gG BB TIZR DA D= AL ERET D2 OICHEHEUE R Z/EH L, NMR %W T AP230 (2
X% 1gGl 3 FITk T HAEEN B2 P E CHEO THAE L, TORE, AR 1gG Tk, 2 KROEHD
VATALDOETY AT 4 FEEABER SN D DI L, AP230 ZRKIZIBWTIL 1 DO ESHN TR
SN, IgG DT ELTIHFELTWD I ERHLMNE R ote, Fio, P FIERRICIX Fab (IO 5 523 K
ESHNTALT ¢ REEGIZE 0 B FEEBBE S TnD Z LR B LR 5T (Fig3 ), vl vk
KT TEHNER L 2 MAEZED, 34 I EORMICEbL T 2 JBELTH D, B VOFEMOBEHIC
HHEERT Y FRIEOKKIZ LY Fab-Fe M OBLMNZELT 5 2 & T, 2 KOBEHM Tide<, HEANT
DANT 4 REASWHEREND L REBESNS, ZHICX Y. Fab-Fc DEAA —EICEESHTLEY., 2 &
L2 Fab M ONARBEFIC L VHESNTLE S 2 & T, AP0 HbT 5 B2 65,

2. 2. 2 AP230 DAL L TOHEEIZDOINT

AIRLRHI R & OFR a7 T AE A XD FHBAERMATIC L D . AP230 1% Foy B Y72 A4 7D 5
B FeyRI KB A 25 A hER X OETR M LREZ R 2 E WA S & 22 o 72 (Fig3 /£), F£7=. midF M58
WEETD 1 31 A A=V E D, WAL TRRY LA 12 8T FEROZ L8l L
Loty 1gG o3+ & Foy ZRMKIZ2 > ORmEZ N L CTHAEERATL Z E0NHLMNE > T 5D, 1gG 40y
T & LTIFEL TV D AP230 BRARI Foy BN EFEAERT 5 m A 1 D L2720y, mBfrEs
FIKTH % Fey Rl &I ANERREZ PREF L Foy RIFR B 72 TG Z FFOZ ER B2 B 25, Rl
1 D UMDFFZ72 0 AP230 B54KR 2 53 73 2 DD St LC Fey Rl EFHEAERTH Z ik b BpAER L
TR DEEE—RERLIEEEBZDBND,

DX DT, AWFFETIX, 1gGl /3T DO E kg & BEREIC R IT D b v DREIR FEAME D B AR L, BUA
DERAEETERK & HEREREI DD F A = AN L T, AERLOBRICET 2 EERMAA2 5252 &
MNTET,

-
o
D
o

FcyRI FcyRIIIA

B
o

- WT
= AP230

T T T T T 1 T T T T 1
1 10 102 10° 104 105 1 10 102 10% 10¢ 10°
mAb (ng/mL) mAb (ng/mL)

RLU (fold increase)
o N > [} ©
RLU (fold increase)
N
o

o

Half-IgG1

| FcyRI Specific Activity | IgG1 WT lgG1 AP230

Fig 3 1gG 53 FOMaiEME (72) 36 KON 1gG 0 TR D5+ A 1 = X I (f)

3. ZEXM

(1) BHPEFFIER—, FUERDOY TV A b2 WET D70 OEHIBIT 250, HFEEF S F5EH2 0 2 4 —2
08145, HEH : 5641 1H29H,

(2) Sacko Yanaka, Atsuji Kodama, Shigetaka Nishiguchi, Rina Fujita, Jiana Shen, Pornthip Boonsri, Duckyong Sung,
Yukiko Isono, Hirokazu Yagi, Yohei Miyanoiri, Takayuki Uchihashi, and Koichi Kato, “Identification of potential
C1-binding sites in the immunoglobulin CL domains”

Int. Immunol. dxae017 (2024).

(3) Saeko Yanaka, Hiroki Watanabe, Rina Yogo, Mesayamas Kongsema, Sachiko Kondo, Hirokazu Yagi, Takayuki
Uchihashi, Koichi Kato, “Quantitative analysis of therapeutic antibody interactions with Fcy receptors using high-
speed atomic force microscopy”

Biological and Pharmaceutical Bulletin. b23-00751, (2024).

(4) Yuuki Koseki, Yuki Yamaguchi, Michihiko Aoyama, Minoru Tada, Akinobu Senoo, Akiko Ishii-Watabe, Takayuki
Uchihashi, Susumu Uchiyama, Koichi Kato, Sacko Yanaka, Jose M.M. Caaveiro, “Key role of Pro230 in the hinge
region on the IgG architecture and function”

Biorxiv (2024).
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Aggregation and Crystallization studies of DNA functionalized nanoparticle for
biosensing applications

OChandan Kumar®!, Lidong Zhang?, Saki Kozawa?, Taito Ikeuchi?, Shoko Kojima? and Miho Tagawa'*
! Institute of Materials and Systems for Sustainability, Nagoya University, Furo-cho, Chikusa-ku, Nagoya,
Aichi, Japan 464-8603
2 Department of Materials Process Engineering, Furo-cho, Chikusa-ku, Nagoya, Aichi, Japan 464-8601

1. Research Object

Gold (AuNP) and silver nanoparticles (AgNP), when combined to form hybrid crystals, offer exciting
possibilities for creating highly sensitive sensors. These crystals possess unique optical properties due to a
phenomenon called surface plasmon resonance (SPR). Essentially, SPR involves the coordinated movement
of electrons within the metal nanoparticles, which interacts with light. The light response of these hybrid
crystals can be precisely modulated by varying the relative proportions of AuNP and AgNP [1]. This
controllability allows for the development of sensors that can detect even the slightest presence of specific
molecules or ions, making them incredibly selective and accurate.

Studying DNA-AuNP-AgNP crystals is fascinating for several reasons. Firstly, DNA acts as a
versatile scaffold for organizing and controlling the arrangement of nanoparticles, allowing for the precise
design and fabrication of complex nanostructures with tailored properties [2]. Secondly, the integration of
DNA with metal nanoparticles provides a platform for developing highly sensitive and selective biosensors.
The DNA component can be designed to recognize specific target molecules, such as DNA sequences or
proteins, while the metal nanoparticles enhance the signal detection through mechanisms like surface-
enhanced Raman scattering (SERS). Understanding DNA-gold-silver hybrid crystal interactions will enable
the development of innovative sensing technologies for applications in disease diagnosis, environmental
monitoring, and food safety [3]

2. Experimental Results
2-1. Melting temperature measurements using UV-vis spectroscopy

DNA-DNA interactions were investigated using UV-Vis spectroscopy across various conditions, including
cooling, crystallization, bond stability, and aggregate size. Figure 1 depicts the melting behavior of different
DNA chain lengths. Normalization of absorbance data in Figure 1(a) reveals a sharper melting transition for
17-base pair (BP) DNA compared to 26BP DNA. For 26BP DNA, both 10 nm and 20 nm gold nanoparticles
(AuNPs)  exhibited weak temperatt
dependent absorbance. However, 26BP D]
with 20 nm AuNPs demonstrated a higher
melting temperature. Furthermore, 26BP DNA
with 10 nm AuNPs displayed a broad, shallow

===17BP-10nm-20Ag ~—26BP-10nm-20Ag

| —26BP-20nm-20ag /

—
.
o I

transition, suggesting a less ordered, potentially : 0.9 —

amorphous aggregate structure. In contrast, i 0.8 +— —
26BP DNA with 20 nm AuNPs exhibited a < (.7 -

sharper transition, indicative of a more ordered E 0.6

and well-defined aggregate structure. Amongst .

the DNA-AuNP combinations investigated, the 2 0.5

26BP DNA with 10 nm AuNPs exhibited the 0.4

highest degree of structural disorder, 0.3 T T T T T T
characterized by a melting transition around 25 30 35 40 45 50 55 ol
40°C regardless of the AgNP fraction. In T [°C]

contrast, combinations of 17BP DNA with 10
nm AuNPs and 26BP DNA with 20 nm AuNPs  Figure 1. UV-vis absorbance spectra at varying temperatures
demonstrated higher melting transitions, for crystallization solutions containing an equivalent fraction

indicative of more ordered structures. of silver nanoparticles (AgNPs).
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2-2. Crystal structure analysis by small angle x-ray scattering

To gain insights into the relationship between DNA length, nanoparticle size, and crystal structure, Small-Angle X-
ray Scattering (SAXS) experiments were performed on the samples at the Spring-8 synchrotron radiation facility.
SAXS analysis of 17BP-10nm AuNPs revealed a distinct body-centered cubic (BCC) structure as shown in
Figure 2(a). However, increasing the AgNP fraction in the crystallization solution disrupted this order, as
evidenced by the broadening of SAXS peaks. The inset shows electron microscope image of dried DNA-
AuNP-AgNP crystals. In contrast, 26BP-10nm samples exhibited broad peaks across the entire range of AgNP
additions, suggesting a less ordered structure. For larger DNA-AuNPs, the crystal structure remained largely
unaffected by AgNP addition, and a minor increases in edge length and d-spacing observed. Our previous work
demonstrated that DNA chain length and linker density significantly influence the internal structure of these
assemblies [4, 5]. SAXS analysis confirmed the formation of a highly ordered BCC phase for 17BP-10nm
AuNPs. Referring

Figure 2(b), increasing

the AgNP fraction (‘a)rﬂ) - ‘(h)lﬁ(l

beyond 10% disrupted 35 - ::;::jx::j::g —_

this order, leading to 30 - E 17.5 -

quasi-BCC structures. 25 - —

This critical AgNP zzn - ‘_%017_0 1 o. 3

concentration — 15 - S S0

coincided with a phase 10 - %‘Iﬁ.s 4

transition observed in 5 - = “',.

the crystal structure, [ —— a - 16.0 4 ; .
characterized by a 0.2 03 0.4 05 0.6 0.7 08 0 10 20 3
steep change in d- ql "m.ll Ag [%]

spacing. The length of

DNA linkers  Figure 2 (a) Comparison of scattering pattern from crystals synthesized without AgNP

significantly impacted and with 30% AgNP (electron microscope image provided) (b) inter-planer d-spacing
interparticle distances  of the crystals as a function of AgNP. The 17BP-10nm crystal system is found stable
and crystal structure. up to 10% of AgNP addition in the crystallizing solution.

For 10nm

nanoparticles, both 17BP and 26BP linkers resulted in disordered structures. However, 20nm nanoparticles
with 26BP linkers exhibited a more ordered structure, tending towards a BCC or CsCl lattice [4]. The addition
of AgNPs primarily influenced d-spacing, leading to a linear increase with increasing AgNP concentration,
while the overall crystallographic structure remained largely unaltered.

In summary, shorter DNA linkers (17BP) favor the formation of BCC crystals with smaller nanoparticles,
whereas longer linkers (26BP) promote the formation of more complex BCC/CsCl structures, especially with larger
nanoparticles (20 nm). These results emphasize the critical role of DNA linker length, nanoparticle size, and
crystallization conditions in influencing the final crystal structure.

3. References
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3D 7 &I & BETEISH M PEEK D&
—F =) VT B K UERMEEIC & DR DE -

FORBMER R EE G 22 S AT SE R et BER AT 2750 1
OFMMMUL, B HER, MEEEuE, FTRAEL

Fabrication of Dental Crown Restorations PEEK Using 3D Printer
—Relationship between Mechanical Properties and Printing Parameters—
by OTakahiro Wada, Shunsuke Noguchi, Haruka Ebihara, and Motohiro Uo

1. HAEEM

RY)z—Fnrxz—F N7 by (PEEK) [ZA—R—x2 V=T Vo T T T 2AF vy Z IS, REEA S
NI KHEROWEERZ T, SEIERWAHB~OIEHBHFFEN TN D (Fig.1), ZOMNTHEITEIHI
T (CAD/CAM %) NEHRTH DM, 3D 7V X TOML LS TS, Lol #HieEEE M PEEK
ZHWE 3D 7V > MZBET AR OGN TS, 2T, AFETIE. WEEEH PEEK 7 4 7 AV b
BT 4T A MNEfiERL (FFF) 50 3D 7V v ¥ —Z2HWTER L, TOEBEMNE, 72— &ic k55
T DB RE DAL 2 R~ T2,

Fig.1 #RHHEEEM PEEK 70 v 7 5 4 A7 !

2. HAEER

2. 1 Fo—U TICk5HMBEENEL?

=R 2mm X 2mm X 10 mm) % FFF 730 3D 7'V % — (FUNMAT HT, Intamsys)
CHIEIERE PEEK 7 4 7 A bEHWTIER Lz, @M% Table 1 1237, 7=—1U & ZiREIL 5 FEEHO
Rl (150°C, 200°C, 250°C, 300°C, 350°C) CTIMi L7z, M omeEds J O MR 13 = Al 535 (n
=6)2 [Z X VAl Lz, &SI, BB oW & iR E - BMSE (SEM) 8 L = 3L ¥ — 385561 (EDS)
ZRWTHEZE L,

SRR OFELR, 300CTT =—V 7 L7z Bt o #h TR EE I KOTSRS R KA ICE L, 2 OfE
X &8 PEEK 7 « A 7 L [A1% Cd - 7= (Fig. 2) . SEM 3 L UVEDS 12 X 2 Wi ikl g2 o 5, i bAs (TiO.)
M0 WtNFHFENTNDHI &, BLORGRERBENHB I NN, —MIcERbBE I (Fig. 3),

Table 1 iHZM ol |, Fig2 H7=—V 7R

— 5 mp HE S & O A
:.;yr:}r thickness A 3 o} | oo % EEEK 7?;4 2
nfill (%) 100 = DEV N 3

Bl 2000 Bo(iTams,
Nozzle diameter 0.4 E w0 Vi ER)
(mm) w °
Nozzle temperature 400 5 i | 200
("C) -
Deposition speed 20 0 1000
(mmis) 20
1] H
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2. 2 EBREH (VXVEE) IT&EENEEOEL!

J ZAVAREE % 380, 400, 420, 440°C TEDMDERSMFAZ 2.1 LRICICZL, 7T=—VU 7% L72WEE (non)
LT =— U 7R 200°0C T =—U 7 LERE (TA) CTEAHNTREARBRA Z/ER L, 2.1 LREBEC
T RER (n=6)., SEM @12 CREfl L 7=,

HIFRBROMER (Fig. 4), O/ ANVEETHLT ==Y 7 LEHOFRITRS, i ERs bicm
Motz, Fiz. 7 AVIREIE 380°C 705 420°C 12 EiF B izodu, #hiFsR S, diiF itk EH L7=23, 420°C
& 440°C T IR o7z, BiFsRS, P HMERENR K E 2o 72DIE 7 ZVIRE 420°C T7=—U v 7% L7
BaTholeh, ZOFRMTHEEMEEMH PEEK 7« 227 OfE L VKo7,

- Al
LRLY

dhiF3d = [MPa]
b
S

& 8

380 400 420 440 380 400 420 440
A ZILRE [T] JZILBE [TC)

Figd %/ ZVIRER LI OWREEEN PEEK 7 4 27 (---) O=miliF 8RR (hrms, dhiF =)

PbEy, 7==U 7B IOERREME () AVIRE) 2252 LI & BREEIESZE L, dilkD
B M PEEK 7« 2 7 M o iR s ihiFBIERB[[Ho 10 2 L b,

3. ZEXH

(1) ®E~7 o > 7 PEEK, BRXESHARAE, https://www. shofu. co. jp/pickup/blockpeek/ (accessed Jan 31,
2025)

(2) JIS T 6517-2011. BOEME LY. BART IR

(3) 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

(4) By O 4EEE, FESUR, FREL, WREEH 7 « 7 —IRINPEEK D FENE & AR OB Fe:. A AR NS A A~
TV TIVFEEY R T T 52024 2024. 10. 28
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The application of Alaska pollock gelatin sealant for Guided bone generation in mice model
by OMika TSUNO, Lin Yujing , Eriko MARUKAWA, and Tetsushi Taguchi

1. BAREH

e RHER IR IC 3BT BHE AR R U B ZE 0B i & i L CEERR AT 9 2, B E K~ D#KGE
TR ABGIE & B EM B O RERER A2 B0 & U CEMIEN — PO S b, Lo UBER R E R XA
FOHEBIZLVERDLESL SN, EEEREDOE OO 2N AL ML SNE L, F 2 CAF2IE, R
ORETE 2 L LT, BUKIbZ 7B F U#ERICEH Lz, BUEOWBHER CHEA SN HEERITT 7
VURRVT )TV L— RRThHN, HEREOS L SOAEKRBEESMED S CHRENRH S, L, Fx
I, BiKIb S 787 F U EEAID BB T CoE /2B mE - AMREAE - A RSMEIcERL TS Z &
PEHE L CE S,

ARFGE TIXEIERIC BT DHK(L S T8 7 F LA OF ML LEMEIZONT~Y T ZAET W TRHG L
RET 21T o712,

2. IERE
2. 1 EBIIRETILEBEREIID X R HIFT

~ 1A (C57BL/6NCrSlc 8 #fin, HetE) SAZEE RICIERIED 7 > kS AL E M R (7B I3
F )b, Bio-Oss®) ZHEHE S, FEBREHIIMEM LicT e as—4F U (4471 25 —4 2 Bio-Gide®)
OWHE BGH) b LIFEKIEY Z€ T F U EERIOBA (AD#) #iT-o7, —J. =2 hue—/Lf# (BO
) I XEMEMEROSZBE LT,

Witk b N2/ T LT~ A 7 1 CTIC X 5 X BREiin % Lz,

Fig.1 1%, B % FE4E & U 7o s plist o (&
LR ORI ZLE L O/ v — 7 R bl
Th b, 28T AD BECITEMEERA
BlIZREN-7208, 2 UM B ARICH
BEITRBDL o1,

X ZBTF oA, %R R
L., ERNOBEERICL Y ST &
WOMEZBELTEY, Z2OEBIZLHHD
TRV EEZ LD,

=i

o

=1
1

| ]'].

I 1 I 1 I 1 -AD
) ‘] B BG

1“'}' | T T - BO

o
=
|

Rate of volume change (%)

=]
1

2. 2 BEKIOBBFETME 2w 4w 6w Bw

FiERER oo~ U AFAEE B Time points
WA ER L, 5% 4 08 - 8 IS HE Fig.| FRHIC B 5 WRZILSH
Yot A 4T o7, *p<0.05, NS=HE £ L

Fig.2, Fig.3 1%, itz 4 W L O 8 HIcH

F D EEROMBEE TH D, AT TODEOBEMEMER TH Y . #EAIL 4 HWEOR R T TIZ
SERMIR S, G CIIBUKIL Y 78 T F AR OFEILRE O b v7e i - 72 (Fig2,3 C),

—F, WE L2 7= T, SHRERTHLRIUIL TE LT, BEOFENRD btz (Fig2.3 B),
WTHORIZEB N TS, SIEEMIZEITRRD ST, BEM OB I TS AEE L b,
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Fig.2 it 4 WIZH 1T 2 BIERE O~ A 7 v CT B} & /%t (HE Jef)
A :BO#, B:BG#HE, C:AD#E  (Scale bar =200um.)

Fig.3 ffitz 8 WIZI1T B IEME DO~ A 7 v CT #ifg & /%% (HE 4v)
A :BORE, B:BG#E, C: AD#  (Scale bar = 200um.)

ABFFERERDOFIHNICIN T, BUK(EZ T8 T F AR XD FERIEE, HATRRICE T % i
FARERE R O A O A RBURIPE & AZPEA VR ST, L Ly AWFZETIEME 4 BRI W TEUK L
7RI FUBAERITT TSRS ENTW 7o), B OERBEMEOEHIAN L S 52 2 A8 SET
D,

3. ZEXH

(1) LiQiangian et al., Band-Aid-Like Self-Fixed Barrier Membranes Enable Superior Bone Augmentation.

Advanced science, 10, 16, 2206981 (2023).

(2) Hu Shanshan et al., A Mechanically Reinforced Super Bone Glue Makes a Leap in Hard Tissue Strong
Adhesion and Augmented Bone Regeneration. Advanced science, 10, 11, 2206450 (2023).

(3) Mizuno, Y et al. Comparative study of hydrophobically modified gelatin-based sealant with
commercially available sealants. ] Biomed Mater Res. 110: 909-915 (2022)

(4)  Mizuno, Y et al. Enhanced sealing strength of a hydrophobically-modified Alaska pollock
gelatin—based sealant.Biomaterials science vol. 5,5 : 982-989 (2017).
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Construction of a three-dimensional human cornea model using cornea-derived extracellular matrix
by O Yoshihide Hashimoto, Keiko Ohashi, Hisatoshi Kobayashi, Naoko Nakamura,
Tsuyoshi Kimura, Akio Kishida

1. BAREH

= FE A A LNE SR 72 E DL EW I L A HNEEEZ AL 720 0RBRE LTy XOREZHEAT S A
REMTONTE R, LarL, B E#, H7rrER, IFEEMEORMBESNER I, TFETiETEms
O WNBRIEOBRZE N ED ST, BIE, IREEMERBRELEE LT, @maoriE Eice MEERFEA
B ER B AL L 7B T T AR H OB TN D23, Al RIS T 28 L C& 220, Lol
in vitro (2B W THE M ENC & ARG &2 & 0 BIREICHEEST 27201213, A LR FZE A~ BT
FNEN I~ DR B % Sl Al RE R IR ET ANEETH DL B2 NS, T’xlTInETlo, MAREREL
TR K EALER (HHP) 5% W5 Z & T L 7 # AREOBRRICRS) L, BiERIC L0 AN TAREE
ELTOFREIZOWTH LN LZ, &2 Chififak” % fAlEs AT e MEET AERIEHT5 2 &
T, X0 AERICTWIRERE M RBRABRIEIC 2D LB X 7=, L L. invitro (23T HHP Bififa(b 7 & M
b MR SRAIIC 5 2 D BITIE L A ERBET STV, AR TIE, Bt~ 2 aiEa2 5| L= =
W ATE MABEETLORREZ B L, Bl Z AR e MM LR oS, Bl B, SIEAmE
BRI T 2 AN EAGa O BEEIZ 5 2 28 L OAIEE T VORI OV TRET LTz,

2. MERE
2. 1 iRt A2 AELIZETSHE FAELERBBOEES
it b f i (Epithelial side) (2t AN ERGHAEZ #6RE L, 8% OWRIKREEEZICKIE R R 21772 -
7o avbm—n e LTCasz—r U vEfni, v MIEEEMZKRBERAEESERE L7 —7 U vk
OB b A T O HE Yetaf® % Fig.l 1277, KURAERE | HRZICBW T, 27— 7L LTI
SRR IIBIE SN, 2ERNICEBEO FEEENER STV, — . Bl b A T, EEb
Lz EREABIERCTE -, £, [URRERE 7 BRIZBW T, a7 —7 7L ECid EEiofEL?
T L2, BiigfbAaiE E (Dayl) K0 b2 Lotz FHElL L EEMlaoEEIIAEE L TEY ., M
U OFEAERAR5E< . LT WZ ARSI, DA kAR E Tk, A LR OBERBILOREICE
BRI RSN o 7208 MRS N EH-3 2 Emn

Collagen gel Decellularized cornea
B STz, B A I LTI % E 72 s e A L
B DTN R TEL D Z R bhole, a7

— 7B L OB LA ETRE L M
fE R 2 A Ny g Z RN E 20-1
Qg% Fig. 2 \Zd, 27—V ETEZA B
Tx 7 varyOEEBRATSTHY . FORTEX
FERNTARHAMR & 72 o 72, —J7, BUMARA LA I C I3 ;#"J.E_=‘1 P g
M2 5 A DY v v 7 v a L ORRARD R o T
Teo £lo, AT —=F U S MTHATHAEARE LT pay 7 ; : S
X, MR Xb /NS AR TH o 7o, —RIIT, ’
MDY T —REREIL, ZO-1, ZO-2 3T n—F

Day 1

(R TOEREEHET S LICE VBRSNS, | - |

L7278 o T i /i ek, N ) TRRE A A Fig. 1 H-E stal.ned images of cross sections of human
o \ corneal epithelial cells cultured on collagen gel and

LA EREDER SN LB Z BN, decellularized porcine cornea at day 1 and day 7 of

air-liquid interface culture.
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2. 2 LFRETIIZKDHBRME T

YERL L 72 BT v % LD CRBR W O B RT
%4757z, B EE RO TEER {255
L7eNY THREDORFFRZE I Lo, REWE O
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Collagen gel Decellularized cornea

Phd» D L HINT L7, Transwell ICf%E L7 Lz n 0!

TIE Tween 20 2SHIHMES O &Il <7z 2 &1

z TH ) =R LY TSRO AR

RO BT, — ., B b AR LIS L7 B

%T/I/T AR AT, R E LT~ T

BER@ D ICHETE D Z & nbhrolz (Fig. 3) . &

FFRIC K 25l CIEFERIBEYE T d 5 Tween20 % Day 7

M O Ll L7223, Tween20 0 a0

T % FR A 9 5 A OB 2R IR~ O MM A S

HEELFET DI Enb, Bl bt T L3550

FIEEDOWE R TH D L BB HILD,

Fig. 2 Immunofluorescence staining of tight junction

3. sEXH Faltured collagen gel and decelluaized porcine

(1) A. Huhtala, L. Salminen, H. Téhti, H. Uusitalo, cornea at day 1 and day 7 of air-liquid interface culture.
Chapter 2. Corneal models for the toxicity testing of
drugs and drug releasing materials. In: N.

Ashammakhi, editors. Topics in Multifunctional 140
Biomaterials and Devices, 1st ed. Oulu: Oulu 158 ® Transwell
University, pp.1-24, (2008). Lomea

(2) M.K. Prinsen, C.F.M. Hendriksen, C.A.M Krul, R.A. » 10
Woutersen, The isolated chicken eye test to replace Eﬂ an I
the Draize test in rabbits. Regulatory Toxicology and é N
Pharmacology, 85, 132-149, (2017). g >

(3) H. Yamaguchi, H. Kojima, T. Takezawa. Vitrigel-eye T ow
irritancy test method wusing HCE-T cells, - I I I
Toxicological sciences, 135, 347-355, (2013).

(4) S. Ronkko, K. Vellonen, K. Jarvinen, E. Toropainen, ? et TRt el Tweenan
A. Urtti, Human corneal cell culture models for drug
toxicity studies. Drug Delivery and Translational Fig. 3 Average of barrier integrity calculated from
Research, 9, 660-675, (2016). TEER values before and after adding test materials.

(5) Y. Hashimoto, S. Funamoto, S. Sasaki, T. Honda, S.

Hattori, K. Nam, T. Kimura, M. Mochizuki, T. Fujisato, H. Kobayashi, A. Kishida, Preparation and characterization
of decellularized cornea using high-hydrostatic pressurization for corneal tissue engineering. Biomaterials, 31,
3941-3948, (2010).

(6) S. Wang, C.E. Ghezzi, R. Gomes, R.E. Pollard, J.L. Funderburgh, D.L. Kaplan, In vitro 3D corneal tissue model
with epithelium, stroma, and innervation, Biomaterials, 112, 1-9, (2017).

(7) K.Umeda,J. Ikenouchi, S. Katahira-Tayama, K. Furuse, H. Sasaki, M. Nakayama, T. Matsui, S. Tsukita, M. Furuse,
S. Tukita, ZO-1 and ZO-2 independently determine where claudins are polymerized in tight-junction strand
formation, Cell, 126, 741-754, (2006).

(8) Y. Takahashi, M. koike, H. Honda, Y. Ito, H. Sakaguchi, H. Suzuki, N. Nishiyama, Development of the short time

exposure (STE) test: an in vitro eye irritation test using SIRC cells, Toxicology In Vitro, 22, 760-770, (2008).

— Research resglt r‘e‘p'e'rt

P-106



ﬁﬁ‘%‘ﬁ%iﬁﬁg — Research resultireport £ |

GYRF L NAT - SRR B

Direct Quantitative Measurement of Extracellular Vesicles in Blood Plasma
by Laser Diffraction

MR EREEARZSE OFE £, RE 2. ol fE
g I~ SN e NI U - N = I PN 7 i N 05 N 251 N 12 5 il A 2
FORRERT St KI FEzIr

FORBFART: ARRIE A0 8 R FERRR, K #ri, A8m P

by oGiichi Nitta, Kotone Tatsumi, Suzuka Ishikawa, Tomomi Hamada, Anna Suzuki, Rina
Iwasaki, Kohei Kawaijiri, Ryunosuke Ohkawa,
Kotaro Yoshioka, Tetsuya Nagata, Takanori Yokota,
Kensuke lhara, and Tetsuo Sasano

1. Research Object

Extracellular vesicles (EVs) are lipid bilayer-enclosed nanoparticles ranging from 30 to 1000 nm in size,
playing critical roles in intercellular communication by transporting proteins, lipids, and nucleic acids. They
have been identified as potential biomarkers for diseases such as heart failure and atrial fibrillation (AF).
However, quantifying EVs in blood plasma remains challenging due to labor-intensive extraction processes
like ultracentrifugation and precipitation, which often lead to sample loss and reduced accuracy.

Nanoparticle tracking analysis (NTA) is widely used for EV measurement, providing size and concentration
data. Yet, it suffers from variability and limited reproducibility due to its dependence on sample conditions
and settings. Laser diffraction (LD), a rapid and reproducible particle size analysis method applied in other
fields, offers an alternative approach. While its use for EV measurement has not been fully explored, LD has
the potential to simplify workflows by eliminating the need for extraction.

This study evaluates the accuracy and reproducibility of LD compared to NTA and examines its feasibility
for direct EV measurement in plasma. Additionally, EV concentrations in fasting plasma from AF patients and
healthy controls are compared to assess their potential as biomarkers. This work highlights LD’s promise as
a transformative tool for EV analysis and cardiovascular biomarker discovery.

o 7.5
2. Experimental Results
The particle size distribution of synthetic — 1% NTA =7
liposomes measured by laser diffraction (LD) and Ei&l LD re i%
nanoparticle tracking analysis (NTA) is shown in E% 1 :Eé
Figure 1. LD provided a particle size distribution EE s 'Ea
[ v "
that closely matched NTA, with minor differences §s %E
in mean and mode diameters. Specifically, LD S2 =
reported a mean particle size of 106.8 nm " . 0

compared to 105.8 nm by NTA, confirming the TR R oW Am s woTe o w e e
accuracy of LD in measuring liposome samples.

Repeated measurements demonstrated that LD

particle size Inm
Figure1. Particle size distribution of synthetic liposomes (100 nm)

15 10

exhibited significantly lower variability, with a s

coefficient of variation of 0.013% for mean particle ff . e 75 57
size, compared to 4.42% for NTA, indicating Tz N =3
superior reproducibility. Figure 2 illustrates the ’-‘E% TS LD 5 ﬁ;
particle size and concentration of EVs extracted E.D.: 5 éf
from blood plasma, showing comparable results o= 25 @ 3F
between LD and NTA. Both methods demonstrated

high linearity in concentration measurements, with "0 e e M0 40 we 0 T %0 930 1000

R? values exceeding 0.99 in serially diluted samples. particle sizo [nm]

Figure2. Particle size distribution of EVs extracted from blood plasma
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However, LD's improved reproducibility further validated its reliability for EV quantification.

The feasibility of directly measuring EVs in blood plasma without extraction was investigated and presented
in Figure 3. LD revealed a particle size distribution consistent with that of extracted EVs, with a peak at
approximately 101 nm. Importantly, direct measurements avoided the loss of EVs typically observed during
the extraction process, resulting in higher detected concentrations. In Figure 4, the impact of dietary
conditions on EV measurements is shown. Plasma samples collected after a high-fat meal exhibited
contamination by chylomicrons and very low-density lipoproteins (VLDL), as indicated by a shift in the
particle size distribution toward larger diameters. Fasting samples, on the other hand, yielded clean
measurements with minimal interference, highlighting the necessity of dietary control during blood collection.

12
1.2 4

- .
$ % $ A
§ A g 0.8 [}
E O 4 \ 5 ‘|| ~—Fassing
2 £
E 1 === EWs before sxiraciion g \ Zh mMee sl
| | [ ) '
-E | EVi afer axtraction E 04 | Fasting + CANU/WLDL fraction
g o H
: ‘ ;
& =
z \
P . = .
n'r = . - . v . - . B 400 30 M0 400 B0 00 TOO B0 900 10m0
] 100 200 300 400 500 800 TOO BOD 30 1000
particle skzo [nm]
partiche ize [nm]
Figure3. The normalized particle size distribution of Figure4. Normalized size distribution of EVs in blood plasma before
EVs measured by LD before and after the extraction and 2 hours after meal, and fasting plasma mixed with purified CM/VLDL

Direct measurements of EVs in fasting plasma samples from atrial fibrillation (AF) patients (20 patients) and
healthy controls (20 volunteers) are shown in Figure 5. Both groups exhibited a similar particle size
distribution, but the EV concentration was significantly higher in the AF group compared to controls (P =
0.0225). These results suggest that EV concentration in plasma could serve as a potential biomarker for AF.
Furthermore, the ability of LD to rapidly and reliably measure EVs directly from plasma without extraction
simplifies the workflow and enhances quantification accuracy.

60 Total EVs
60
501 — p=0.0225
.|
by E
55 | 5 B 4 L
=8 = 2 404
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ET Tt
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Sz 2{ 0 2
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JII ~\_.. =
o — - — v ; ; . . . . 0-
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particle size [nm)

Figure5. Direct measurement of EVs in blood plasma by LD in patients with AF and controls and the concentration of total EVs
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Evaluation of adhesion methods between SLM metal frameworks and denture bases
by oYuji UCHIDA, Atsushi TAKAICHI, Yuka KAJIMA and Noriyuki WAKABAYASHI

1. AREH

OV o —H R T 2 — 2 SR HIE (CAD/CAM) 2R DT RIS X V) RIHMESS 43 PR 35 8 (RPD) D A #
N7 L— AU — 7 BYEIZEB W T, RRERMAE GIED — 2 Th LR L —F —ER (SLM) E0ER &h
TW5, SIM{EX CAD 77— X 2 RKICEH I L —V—b— A% L CE&BMRZER L., @iz fisd
HEMTH Y . EHERIBR OB, 2R oK 2 2 FTEAENC, oEMICEETE 570 mA 4
B, FRCA XL T L — LT — 7 OREEICB W CIEFICA LR HEE LTS Tnb Y, RPD &1
AT HDIEAZN T L— LT —7 LB EREZEESEDLERH V| WiE OFEEEE X RPD ORI
e A RICEBEREE L 525, 1k, $hEAZLTL—AU—7 LEREMAL P OHEEITIT, 2 A b
w7 ZERAOVTEER DA XL T L— AT — 7 I INAESL P 2B AL, B85 FENTICHN
bNT&E, —Fh, SIMEZHOWTEESNIZA A LT L—LTU—7 LERKEH LY v OBEEIC OV T,
BUEE TN SN FIEIT RV, EROSHFERREFRE THWON D MEAES LY v 2 FWTo FiE2 R0,
TU— AU —JIHIRER LV EBHAL, MEES ST TUEHIMT T 5 51E°, %, SO FENRH S
NTWDHEMETHD, UL, BEEFIEDEWIC L2 HERE 2 ER&AVICEHE L 72AF5EiX 72 <. SIM A # 1
T — LT =R DALV VRS LIS FIEIC OV TE I E THREN 2V, £ 2 TR T
X, B2 SFHEOHEETIETSIMEZHWTREIEL CoCr BB IO TI BE&DA XNV T L—LT—7 L
FHEA LY OBEEZRL, EEFIEOBEVNAZ LT L—ATU—7 L ZHIE L OBEREEICE 2 5 5
Rl %,

2. BIEHAR

2.1 REMESOAE

SLM #25 (EOSINT M270, EO0S) & CoCr A4 Surface roughness (Sa) (um) D
A (SP2, EO0S) 38 X ONTi A4k (Ti64, CoCr alloy 4.31 +0.49
EOS) Z AW TR R (B2 10mm, B X Ti alloy 376 +0.33

2mm, &54n=60) #WIEL-%, 64
(2 L 725 TRV 24T o 72, BVLEE  Tablel R S (Sa)d FHfE
#osEREEFIRES L Y Cal

L. =Dk, FEBAIRTEE (8600 MHKMFEM) . B K7 T A b (A105, 50 um, 0. 4MPa) , AF—L2 Y —F—T
Ve 24T\ O S L — Y —BEMEE (LEXT 0LS4100, OLYMPUS) IZ CHREHML E (Sa) DMEEIT 7=, Ka4 30
VINT R TG NGBIR LG ST 3OO0 EERE LI fES % Tablel (2777,

2.2 HAMEEBREDAE

FREHIHEIER., FELREIZT T A4 ~—(Alloy primer, Kuraray) Z8&AA L. 35D Z/NL—FI24551F T3
FEE O FECHAERO LY v (BE£E 6mm, & S 6mm) O &2 1T 72, DINBAES LY v & Wi ieskik (O, %
A4 n=20) G L7 RE 2 7 7 AT R LT — 7 & v U 3 rE— 0 Ra W CHEEEIR (B

6mm) Z HLE L7 BT, MMEAES LT (Acron, GO) Z¥EA L, A (73°C, 10 Kefi]) &7, 2) 4-META/MMA-

TBB L ¥ > % V% J515 (SB, &G4 n=20) : IS A& SER VX 5, 1 OFETHEINIRAE L 72 InE
BHE LY R (BERE 6mm, & & 6mm) 2 HE L, Wi — 7 CHedm OB Hk (B 6mm) 28L& L7

#%. 4-META/MMA-TBB L ¥’ (Superbond, Sun medical) Z®Ai L., L ¥ akBl & EH: (FHEE, 154)) L=, 3)
FIREA LY v & AWt LiARE (PT, %64 n=20) : HEE O /X7 (B 6mm, & S 6mm) Z/ER L, A4F
AN [ 7 — 77 CHEAE iRk (EA 6mm) 2818 L7, WIREA L P Y (Procast DSP, GC) &t LiAdx, Nt
FO%% (Perma Pot UP-II, GC) 12 THEEA (0. 25MPa, 55°C, 30 4y) S¥7-, #&E%. &2 TOREHT 37TCHHKE
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7V, R IRETR] 30 #) 1T
DT T, AR A R
OWPEIT, T hekBRik

(AG-X plus, Shimadzu)
ZHWT, Z7a A~y FRAE— K 0. b5mm/min
T o7z (Fig. 1), BAWRRBROR B, Wé
4x7C CM 23 TCO T L B AL 5 WA HE S R E |

TC10000 T 5L 5 4L D HEAE Mt AMED ] 12 F 0
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RN S S, 4-META/MMA-TBB L ¥k
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Surface functionalization of titanium implants with controlled-release glutathione conjugate
for antioxidant and osteogenesis

FOLR PR PEE TR G IER OXuHuichuan, Bpl (A, B8 WIS, #ARR]SE

by OXu Huichuan, Kosuke Nozaki, Noriyuki Wakabayashi

1. Research Object

Implant failures can be traced back to an inability to establish an initial cell response on the Ti implant
surface. Nowadays, Ti surface functionalization has emerged as an effective general strategy to address this
issue by improving biological responses and achieving long-term results. Beyond the basic requirement of
biocompatibility, an advanced approach to Ti surface functionalization should regulate the local
microenvironment to promote cell adhesion and osteogenesis.

Recent studies have shown that biomaterial-triggered local excessive reactive oxygen species (ROS)
production and impaired osteogenesis may eventually contribute to implant failure. To counteract this
problem, we synthesized a vinylphosphonic acid-glutathione (VPA-GSH) conjugate through a thiol-ene click
reaction and coated Ti substrates using a hydrothermal reaction. This chemical coupling can be triggered by
thiol-Michael addition under acidic conditions because of the nucleophilicity of GSH. Additionally, production
is reversible at elevated pH values. Although both the forward and reverse rate constants increase at
elevated pH, the equilibrium constant decreases, leading to faster mass loss and release of the
encapsulated drug. Thus, we hypothesized that VPA-GSH coating on Ti surfaces could protect cells from
exogenous oxidants and excessive intracellular ROS production through immobilized controlled-release
effective doses of GSH, thus improving osteoconduction.

2. Experimental Results

One mM VPA and 1.2 mM GSH were dissolved in 50 mL of distilled water and stirred thoroughly. The
solution was then exposed to room temperature for 24 h for synthesis. Next, the prepared titanium disks
were soaked in VPA (1 mM), GSH (1.2 mM), or VPA-GSH solution at 70°Cfor 12 h. The samples were then
rinsed thrice with distilled water for 10 min each and air-dried. Finally, the samples were placed in 12-well
plates and left to air-dry for seven days before further experiments. The treated samples were labeled as the
Ti, TiV, TiG, and TiVG groups (Figure 1). The surface topography and chemical composition were determined
by SEM and XPS. The protein adsorption levels, including albumin and fibronectin, were evaluated by a
micro protein assay BCA kit. To evaluate the cell attachment, MC3T3-E1 cells were seeded and incubated on
different surfaces. Fixation and immunofluorescent staining were applied at 4 h and 24 h. The initial cell
attachment level, cell area, ROS generation, and expression of vinculin were analyzed using a microscopic
image-based observation and densitometry.
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Figure 1 Schematic figure of experimental condition
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To evaluate the ROS scavenging capacity of Ginliara Biological
different titanium surfaces, hydrogen peroxide Characterization ; Study
(H202) was chosen as an exogenous ROS m
source to induce oxidative stress to MC3T3-E1
cells. After 4 h and 24 h, ROS generation was ;
stained by H2DCFDA. The statistical analysis of & o
the cell attachment and adhesion on different ‘

:  Cellattachment
substrates was obtained using image analysis ;
. ¢ Call marphology
software ImageJ. To evaluate the osteogenic : o z
; Enes)
differentiation, ALP activity assay at 7 day and g hs
: ROS production |

alizarin red S staining assay at 21 day were
applied. To further study osteogenesis, RUNX2,
ALP, OPN, and OCN gene expression levels
were evaluated by RT-qPCR. In addtion, RUNX2
and OCN protein expression was investigated by
immunofluorescence staining.

The results of SEM and XPS showed
compositions of VPA-GSH coating. The contact
angle results showed hydrophilicity of TiV and
TiVG groups. Enhanced protein absorption regulated initial MC3T3-E1 cell attanchment and proliferation on
different surfaces. In addition, ALP activity and ECM mineralization results demonstrated enhanced
osteogenic differentiation on TiVG surface. Furthermore, the gene and protein expression levels illustrated
up regulated osteogenesis on TiVG surface. TiVG surface reduced intracellular ROS generation in the
normal condition and eleminated extracellular H202 in the oxidative stress microenvironment.

The VPA-GSH coating was effectively immobilized via thiol-ene click chemistry, providing controlled GSH
release and enhancing surface hydrophilicity. TiVG surfaces demonstrated long-lasting hydrophilicity and
significantly improved protein adsorption, particularly fibronectin and albumin, due to -COOH and -NH2
functional groups.TiVG surfaces promoted initial MC3T3-E1 cell adhesion, proliferation, and differentiation,
evident from higher ALP activity, ECM mineralization, and upregulated osteogenic markers (RUNX2, OPN,
OCN). Enhanced vinculin expression and cell morphology analysis indicated a favorable microenvironment
for cytoskeletal development and focal adhesion formation. Biocompatible TiVG surface effectively reduced
intracellular ROS levels. Controlled GSH release eliminated extracellular H202, optimizing the oxidative
stress microenvironment and safeguarding cell function. TiVG surfaces exhibited pH- and time-dependent
GSH release, significantly decreasing ROS levels within 24 hours and improving cell viability by scavenging
extracellular ROS.

In this study, we constructed VPA-GSH conjugates that were synthesized through a thiol-ene click
reaction on Ti substrates. The change in long-lasting surface hydrophilicity and surface composition could
enhance biological adhesion and promote ALP activity and extracellular matrix mineralization. This improved
biocompatibility could inhibit intracellular ROS production induced by the titanium surface. Moreover, the
release of GSH in a neutral environment endowed the Ti substrates with ROS-scavenging capability.

Figure 2  Experimental sections of surface
characterization and biological evaluation

3. References

(1) H Xu, K Nozaki, Z Yu, N Kawashima, T Ueno, H Wu, H Wu, Noriyuki Wakabayashi. Surface
functionalization of titanium implants with controlled-release glutathione conjugate for antioxidant and
osteogenesis. Journal of Materials Research and Technology, 2025, 34: 2872-2884.

P-112



ﬁﬁ‘%‘ﬁ%iﬁﬁg — Researchiresultireport

GYRF L NAT - SRR B

Tuning the Stability and Kinetics of
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by OKevin Barthelmes, Keiichiro Yaginuma and Akira Matsumoto

1. Research Object

Precise control of dissociation kinetics is a continuing
challenge in drug release studies. Especially slow and complete
dissociation on a day-to-week scale is difficult to achieve for
compounds with labile bonds in water, acid or base, such as
acetals, imines or boron adducts (BA-L)." One approach to
control the association (ki) and dissociation rates (kr) is by
adjusting the strength of the labile binding in terms of association
constant K, where K = ki/ki. In general, more stable compounds
have higher kr and lower k- values. Especially, boron adducts
exhibit a wide-ranging control of K resulting in both reversible and
irreversible binding nature in aqueous conditions. Normally,
boron adducts with low K (for example, 1,2-diol boronate esters)
have a tendency to associate and dissociate rapidly within
seconds in a reversible manner (Figure 1, blue line).2%) On the
other hand, boron adducts with high K (for example oxime-
boronates) associate faster and dissociate slower,” but due to

100+
o kl'
>~ BA-L = BA+L
='50- K
<
o, Low K (very low k, & k)
0 Low K (high k, & k)

time

Figure 1 Dissociation profiles of BA-L with
low (blue line) and high K (orange line). The
purple line represents rarely reported BA-L
with slow and complete dissociation.

their higher stability they cannot completely

dissociate (Figure 1, orange line). Moreover, even for boron adducts with very high K (e.g. oxime-boronates,
K = 1.5x10% M-"), dissociation reaches equilibrium within a few minutes. To achieve a week-taking dissociation
kinetics, it is necessary to slow down the dissociation rates (k:) by orders of magnitude. Additionally, to ensure
complete dissociation the association rates must also occur at a similar order to that of kr in order to achieve
the low K values (Figure 1, purple line), making it eventually cleavable.

2. Experimental Results

We investigated the equilibrium reaction of boronic acid
(BA), diethanolamines (DEA), and 1,3,6,2-dioxazaborocanes
(DOAB) in aqueous solutions (Figure 2). We could show
theoretically that K is pH responsive and can be adjusted by
pKa values of BA and DEA. The pH-K correlation showed a
bell-shaped curve with maximum stability at the means of the
pKa values (Figure 3A). To corroborate our theoretical
findings, we prepared different acidic BA, DEA and DOAB

DEA

Ry Ry

Rg

Ry H /N\ H
| OH 5 5
O ==
— \OH 2H,0
BA
Figure 2 Equilibrium reaction and chemical

structures of BA, DEA and DOABs with
substitution on various positions.
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=" N
3

DOAB

derivates. The simplest DOAB derivative (R1/234 = H, X = CH) comprises non-substituted BA and DEA and we
could show experimentally that it has a rather low stability under neutral conditions (K = 4 M-' at pH 7.4) due
to maximum stability in the alkali region (Kmax = 26 M"', pHmax = 9.1). Figure 3B shows DOAB derivates of
different substituted BA compounds with the same DEA (R2 = Me, R34 = H). The pHmax and Kmax are shifted

3 Theoretical (A) and experimentally (B)

determined K (shown as log) of DOAB with different
acidic BA (pKa ~6-11) and same DEA (pKa ~9).
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equation used for simulation (K1 = 100 M-') and for
0% ;j/ﬁ éHé 70" 11\ fitting (K1 is fitting parameter) of experimental data.
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according to our prediction, however the highest stability in this series was observed when pKasa = pKa,pea
and not at pKapea < pKaa.. The discrepancy could be explained by the fact that K1 (individual DOAB formation
reaction by the protonated BA and deprotonated DEA) is not constant in this series. The logarithm of Ki
changes linearly with the pKasa and follows a free energy relation like in the Hammett equation. In a next step,
we changed the DEA moiety and kept the BA moiety constant. We found that methylation on the ester carbon
(Rz2) and alkylation on the nitrogen (Rs) improved stability by steric hindrance making the B-O and B-N bond
more resistant against dissociation, respectively. These findings made it possible to produce a DOAB with high
stability close to the physiological pH of 7.4.

Next, we were interested in how substituents, particularly mono- and dimethylation on the ester carbon and
on the alpha carbon of the DOAB moiety influence the kinetics of the equilibrium reaction. We investigated the
association and dissociation rate constants at room

temperature in phosphate buffer at pH 7.4 by UV-visand &  k=109m's’ B ,kl.gm=0-51 M's'
- = 1 ] ! = 1 -

'H NMR spectroscopy. In the case of nonmethylated §°’2‘.k' 0655 jk--m o.ooa;ss 'O'ZE

. . T Me. - O~N; o
I?OAB r?mq dlmethylatec.i alpha carbon fast relaxation § '_‘ >4 o @_B,_;}::e , ,§,
times within seconds (Figure 4, A & D) were observed 01 7, , \\g_‘_“ 01
similar to boronate esters.5 ® However, DOAB with o é 10 0 5 R
mono- and dimethylated ester carbon resulted in longer !/ seconds ] mmules

. . . . C 5 k=3710'm's" |[D; s-121m's

relaxations times (Figure 4, B & C) up to 10 minutes and = \ k=33810° ' bl K=0225" 028
10 days for the, respectively. In fact, the rate constants é.“' Me\N,l<Me [ v el ' E
for mono- and dimethylated DOAB are up to 100 and & @B’-@Myzi AN O

100,000 slower than the nonmethylated analog, 2 S - o \,,\,__‘“m

respectively. The decreasing rate constants are in o 4”dm5 120 ”;_gmds 20
accordance with the generally increased stability which

further corroborates our assumption of a contribution by
steric hindrance. Nevertheless, higher stability (K = kilk:)
is usually correlated with either higher ki or lower kr
values. However, we observed that methylation lowers
both rate constants (kr and k). Consequently, the dissociation kinetics of these compounds are rather unique.
For example, a 100 uM concentrated solution of the dimethylated DOAB is hydrolyzed only 1% and 25% at
the first hour and the first day, respectively, followed by complete dissociation in one week.

These findings should provoke broad applications in material designs and chemistry where a chemically
programmable day-to-week-timescale cleavability would be of crucial benefit including immunotherapy, protein
engineering, drug delivery systems, injectable gels and self-healable materials.

This research has been recently published in Chem. Eur. J. 2025, 31(5), €202402625.

Figure 4 Kinetic studies for the reaction of DOAB
with nonmethylated (A), monomethylated (B),
dimethylated ester carbon (C) and dimethylated
alpha carbon (D).
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Improving damage tolerance properties of zirconia-based materials by introducing layered structure phases
by OTaishi YOKOI and Masakazu KAWASHITA
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Proteomic analysis of serum proteins adsorbed on hydroxyapatite, alumina, and yttria-stabilized zirconia
by Yuzuki EDA, Masaya SHIMABUKURO, Taishi YOKOI and OMasakazu KAWASHITA
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Electrochemical surface treatment for balancing antibacterial activity and bone formation
on titanium surface

SRR RS IRE R TETFERT OB, I T
M KRB U e

by OMasaya Shimabukuro, Ryo Kishida, Masakazu Kawashita

1. Research Object

Titanium (Ti) and its alloys have been used in medical devices for bone reconstruction because of their
favorable mechanical properties, high corrosion resistance, and tissue compatibility. Because Ti is generally
bioinert, surface treatment techniques are required to promote bone formation on Ti surfaces by formation of
rough or porous structures that provide a niche for bone formation. However, the structure formed on Ti
surfaces after these surface treatment techniques provides niches not only for cells but also for bacteria
because of their specific topography and roughness. In other words, Ti surfaces that favor bone formation
can also facilitate the development of infections such as prosthetic joint infections owing to their structure.
Therefore, Ti surfaces must balance bone formation and antibacterial activity to achieve bone reconstruction
and prevent infection. Among different surface treatment techniques, one-step micro-arc oxidation (MAQO)
has been utilized on Ti surfaces to electrochemically form a porous titanium dioxide layer that consist of
electrolyte and substrate elements. Previously, MAO in an electrolyte containing silver (Ag), or copper (Cu)
was used to form Ag-, and Cu-incorporated porous oxide layers on a Ti surface, and the resultant porous
oxide layers exhibited antibacterial activity’3. Furthermore, porous oxide layers incorporating suitable
amounts of Ag, or Cu promoted the calcification of osteoblast-like cells in vitro. However, in vivo bone
formation by Ag-, and Cu-incorporated porous oxide layers remains unclear. Hence, the antibacterial porous
oxide layer containing Ag, or Cu must be characterized from the viewpoint of in vivo bone formation.

In the present study, Ag-, and Cu-incorporated porous oxide layers were formed on a Ti surface by one-
step MAO in an electrolyte with Ag, or Cu ions. The antibacterial activity of each surface was determined by
in vitro evaluation using methicillin-resistant Staphylococcus aureus (MRSA). Moreover, an in vivo evaluation
was performed to reveal in vivo bone formation on the resultant surfaces.

2. Experimental Results

Porous oxide layers were formed on Ti surface by MAO in the electrolyte containing calcium ions,
phosphate ions, and either Ag, or Cu ions. The surface roughness values of MAO-Ti, MAO-Ti-Ag, and MAO-
Ti-Cu were significantly higher than that of Ti, indicating the MAO increased surface roughness of the Ti via
the formation of porous oxide layer. Moreover, XPS analysis revealed that slight amounts of Ag and Cu
elements were detected as Ag20 and Cu20 from the MAO-Ti-Ag and MAO-Ti-Cu, respectively. For revealing
the ions release behaviors of MAO-Ti-Ag and MAO-Ti-Cu, these samples were immersed in physiological
saline for 24 h. MAO-Ti-Ag released Ag ions, whereas MAO-Ti-Cu did not release Cu ions into saline.

The viability of MRSA on MAO-Ti-Ag and MAO-Ti-Cu after 24 h of incubation was significantly lower than
those on Ti and MAO-Ti, indicating that MAO-Ti-Ag and MAO-Ti-Cu exhibited antibacterial activity against
MRSA. In contrast, the number of MRSA on MAO-Ti was significantly higher than that on Ti, indicating
porous structure promoted bacterial growth. SEM observations revealed that a large number of aggregated
MRSA attached to Ti and MAO-Ti, whereas a small number of MRSA attached to MAO-Ti-Ag and MAO-Ti-Cu.

The cell and tissue responses to each sample were evaluated using VG staining. Four weeks after
implantation, no inflammatory reaction or bone resorption was observed in any of the groups (Fig. 1). Fibrous
tissues were confirmed between Ti and calvaria in the Ti group, and bone tissues were formed on the MAO-
Ti, MAO-Ti-Ag and MAO-Ti-Cu surfaces. This indicated that the MAO-Ti, MAO-Ti-Ag, and MAO-Ti-Cu groups
promoted bone formation more effectively than did Ti in vivo. Furthermore, the presence of Ag and Cu in the
oxide layer did not adversely affect bone formation and endowed the Ti surface with antibacterial activity.

P-119



e 4
BE= ﬁﬁj’%ﬁ%iﬁ%% — Research rem

Thus, we successfully balanced the antibacterial activity and bone formation on a Ti surface via MAO in an
electrolyte containing Ag or Cu ions. MAO-Ti-Ag and MAO-Ti-Cu exhibited antibacterial activity against
MRSA and promoted bone formation without inducing inflammatory reactions or bone resorption. In general,
Ag and Cu are toxic to cells in a dose-dependent manner. Suitable concentrations of Ag and Cu for achieving
antibacterial activity without cytotoxicity have been reported*. Therefore, we believe that incorporating
approximately 2.6 atom% Ag or 5.1 atom% Cu into the porous oxide layer on the Ti surface is the optimal
concentration for infection prevention and bone formation. Furthermore, bone formation was accelerated on
MAO-Ti, MAO-Ti-Ag, and MAO-Ti-Cu surfaces, indicating that the porous surface provided niches for
osteoblasts and promoted bone formation on porous surface. Moreover, the antibacterial porous surface
apparently provided niches only for cells because MRSA growth was effectively prevented from the surface.
In other words, the Ag- or Cu-incorporated porous oxide layers formed by MAO have structural and
compositional advantages for infection prevention and bone reconstruction. As a limitation, our study has not
been demonstrated the effects of the samples in preventing infection in vivo. Further experiments with
infected animal models are required to determine the efficacy of MAO-Ti-Ag and MAO-Ti-Cu in bone tissue
reconstruction and infection prevention.

Our findings will be useful for the surface design of Ti-based medical devices and can provide a simple
electrochemical treatment to form porous surfaces to balance antibacterial activity and bone formation on Ti
surfaces.

a

Fig. 1. Villanueva—Goldner-stained sections 4 weeks after the implantation of Ti (a, e), MAO-Ti (b, f), MAO-Ti-
Ag (c, g), and MAO-Ti-Cu (d, h). (e-f) magnified views of the regions indicated by black squares in panels
(a—d). “NB” and “*” in panels (d—f) indicate the newly formed bone and samples, respectively.
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Three-dimensional culture of myoblasts using artificial protein hydrogels
by OAyae SUGAWARA-NARUTAKI and Yuki HIRANO
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Evaluation of Bone Formation Potential of a novel calcium phosphate-containing inorganic compound
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Direct delivery of target molecules into neurons by nanotube stamping
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by ORIiko Kishida, Riku Shibata, Shota Yanagisawa, Shun Fukabori, Kazuhiro Oyama,
Yuiko Mizuguchi, Takeo Miyake and Takashi Tanii

1. Research Object
Nanotube stamping is a technique for
delivering target molecules directly into

: :
adherent cells through nanotubes by 7 ) StEpperr
i

inserting an array of nanotubes into the cell
membrane [1]. The ability for direct
intracellular delivery has potential to
evaluate the effectivity or toxicity of drugs
on cells, and even to add new functions to
cells by introducing functional proteins (Fig.
1). While conventional methods such as
viral vectoring and electroporation have
drawbacks such as affects by viruses and
voltage pulses, nanotube stamping has the
advantage of achieving both a higher
delivery rate and cell viability after : : :
stamping. However, the nanotube Fig. 1 (a) A nanotube membrane attached to a side of the

stamping requires subcellular control of glass tube. (b) A SEM image of the nanotubes. (c) A
the relative positioning (height and nanotube stamping system mounted on the inverted optical

inclination of the nanotube membrane) microscope.

because it involves inserting many nanotubes from above into cells adhering to the scaffold. Specifically, deep
insertion may crush the cells, while shallow insertion introduces few molecules. When stamping on cells with
weak adhesion such as neurons, more precise control of the nanotube membrane position is required.

In this study, we evaluated the feasibility of functionalization (measurement of neural activity by fluorescent
calcium imaging), especially for weakly adherent neurons, by precise control of the relative positioning of the
nanotube membrane to the cell/scaffold interface using a control system integrating microscope optics, image
processing, and stepper motor control. The nanotube stamping system was constructed to control the relative
distance between the nanotube membrane and the cell membrane in combination with real-time image
processing, which enabled molecular introduction with an accuracy of approximately 1 um without relying on
the operator’s skill. In addition, the membrane tilt was corrected to make the membrane parallel to the scaffold
surface, and the focus of the phase contrast microscopy observation for viewing the cells was aligned with the
coaxial epi-illumination for viewing the nanotube membrane.

2. Experimental Results

Fluorescent molecule Calcein (concentration, 1.6 mM; molecular weight, 622.55 Da) was introduced into
fetal 18-day-old rat cerebral cortex cells. In this experiment, the membrane was held for 10 minutes after
nanotube insertion to deliver Calcein to neurons by diffusion. It has been confirmed that Calcein does not enter
into cytosol through cell membrane spontaneously if Calcein is dissolved in the medium at a high concentration.

P-125



N AR oo AN

Research result

After releasing the nanotubes from the cells, the neurons were rinsed twice to remove fluorescent molecules
in the medium. Fig. 2 shows clearly that the fluorescent molecules were successfully introduced into the
cytoplasm of the neurons. In the presentation, we discuss the dynamics on the nanotube insertion and the
cell/scaffold on interface.

Fig. 2 (a) Nurons of fluorescence image after Calcein introduction. (b) Phase contrast image image after
Calcein introduction.

Next, we tried to delivery fluo-4 pentapotassium salt to neurons. After culturing the neurons in 10 to 18 days
in vitro on a poly-D-lysine-coated dish, fluo-4 pentapotassium salt (concentration, 1.6 mM; molecular weight,
927.08 Da) was delivered into neurons. The calcium indicator shows fluorescence signals upon neuronal firing;
hence it is useful to measure the neuronal activity after stamping. We applied electrical stimulation (pulse
amplitude, 2V) using two—needle electrode [2] and monitored the change of the fluorescence intensity. As
shown in Fig. 4, abnormal signals were obtained if the neurons were placed in a HBS buffer during stamping.
We conjectured that this is due to ion diffusion from buffer to cytosol through holes in the cell membrane
induced by stamping. As expected, normal fluorescent signals were obtained by using a D—PBS(-) buffer which
does not contain divalent cations such as Ca?* and Mg?*. The results show the feasibility of delivering
functional molecules to cells by nanotube stamping.

100 3 1O g
™ — P i, —

Fig. 3 (a) Schematic of electrical stimulation of neurons with two—needle electrode. Phase contrast (b) and
fluorescent (c) images of neurons where nanotube stamping of fluo—4 pentapotassium salt and subsequent
incubation for 60 min were performed using HBS buffer solution. (d) Positive response of the calcium indicator
upon the electrical stimulation was not obtained when HBS was used. Phase contrast (e) and fluorescent (f)
images of neurons where nanotube stamping of fluo—4 pentapotassium salt and subsequent incubation for 60
min were performed using D—PBS(-) buffer solution. (g) Positive response was obtained when D-PBS(-) was
used.

3. References
(1) B. Zhang, B. Liu, Z. Wu, K. Oyama, M. Ikari, H. Yagi, N. Tochio, T. Kigawa, T. Mikawa, and T. Miyake,
Analytical Chemistry 96 (2024) 8349.
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Maximum Likelihood Estimation for Real-Time Data Analysis During NV-Center NMR
Measurements

Waseda University, School of Fundamental Science and Engineering, Shinjuku, Tokyo, 169-8555

Akirabha Chanuntranont, Tomoki Ota, Yuka Kobayashi, Daiki Saito, Yuto Miyake, Ken
Sekiguchi, Arisa Oda, Shuntaro Usui, and OTakashi Tanii

1. Research Object

Single nitrogen vacancy (NV) centers in diamond have demonstrated excellent potential as atomic-scale
resolution quantum nuclear magnetic resonance (NMR) sensors. The NV center electron spin can be
coupled to surrounding nuclear spins through magnetic dipole-dipole coupling, are susceptible to optical
control and readout, and exhibit exceptionally long coherence times even in ambient conditions [1].
Moreover, their biocompatibility has raised much interest for their use in medical applications, such as for
single protein structural analysis to enhance drug discovery [2].

However, a major drawback of using NV centers as NMR sensors in the need for very long measurement
durations to acquire sufficient signal for analysis. There are multiple sources of noise in single photon
measurements with NV centers.  First, the photon emission process is inherently probabilistic,
approximately following a non-homogenous Poisson process with a photon arrival rate determined by the
quantum state of the NV center electron spin [3]. Second, there are contributions from errors in quantum
spin quantization and avalanche photodiode (APD) shot noise, which are also inherent in the system and
cannot be phased out [4]. Finally, there are environmental sources of noise, such as background photon
emissions from surroundings, photon count variation due to thermal drift of optical components, and
impurities on the diamond surface [4]. The conventional method to address these sources of noise is to
accumulate photon counts over many repetitions of the same measurement protocol in the hope that the
noise effects will average each other away [5], which usually results in measurement durations in the order of
many hours to a day [2, 3, 4]. These long measurement durations both significantly slow down research in
the laboratory and are a major hindrance to practical field deployment of NV center NMR sensors.

In this work, we propose a solution to this problem by applying maximum likelihood estimation (MLE) as a
drop-in method to analyze the photon count data. In statistical methods such as MLE, information about the
measurement protocol and sources of noise may be provided through the model specification, which
improves the robustness of the estimate to noise effects and also significantly reduces required
measurement times [6]. We demonstrate the effectiveness and interchangeability of this method in
correlation spectroscopy, XY8-k and quantum heterodyne (qdyne) measurements for the determination of
NV center depth and identification of target nuclear

species. . E::;p
0.05 =
@,

2. Experimental Results £ o

Analysis of photon count data for both frequency g 0.03 4
and depth with MLE was performed in correlation I§ s
spectroscopy, XY8-k, and qdyne measurements. § WATITe m
In each case, we achieved clear and accurate peak © ool i e H,'f
detection while reducing the number of required too.| i
datapoints by several orders of magnitude. In o 50000 100000 150000 200000 250000
terms of laboratory time, these reductions translate number of datapoints
to reducing measurement times for initial results Figure 1. Comparison of computational time
from several minutes to only several seconds. for FFT and on-line MLE with qdyne data.
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We also demonstrate the ability of the MLE
estimate to be updated on-line in each case.
As an example, Figure 1 shows the time
complexity of MLE analysis of qdyne data in
comparison to that done traditionally with a fast
Fourier transform (FFT). As can be seen in the
figure, the MLE analysis, performed on-line,
maintains an approximately constant time
complexity, while the FTT time complexity
increases rapidly as the number of datapoints
grows. This result points to the suitability of the
MLE method for real time data analysis. If the
computation time required for one datapoint,
which is determined by the computational power
of the hardware, is lower than the amount of
time required to obtain that datapoint, the
constant time complexity allows all datapoints to
be analyzed in real-time.

0.8

frequency [MHz]

- 0.0

Figure 2. XY8-6 frequency likelihood surface
sensitivity to improper depth prior.

0.8

One point of criticism this method receives is
its reliance on priors for reliable results. To test
its resilience to incorrect priors, we calculated
the likelihood surface for frequency and depth
targets in each of the measurement protocols.
As an example, Figure 2 shows the sensitivity of .
MLE analysis with an XY8-6 frequency 22 WL 0o
measurement to incorrect depth priors. As can bl ades j
be seen in the figure, the frequency of the target N
NMR signal is correctly estimated to be 2.0MHz Figure 3. XY8-6 depth likelihood surface
largely irrespective of the depth prior. This sensitivity to improper frequency prior.
result points to the model's sensitivity to frequency and its ability to produce correct frequency estimates
even if the depth prior is not correctly set. Conversely, as can be seen in Figure 3, the depth estimate
appears to be highly sensitive to changes in the frequency prior, with only the correct 4nm depth being
estimated when the frequency is correctly set to 2.0MHz. Nevertheless, the value of this method in depth
analysis is not diminished, as its robustness in frequency estimation allows an accurate frequency to be
estimated prior to depth analysis. Finally, an exploration of ways to improve the method’s sensitivity in
depth estimation and the development of reliability metrics is an area of ongoing research.
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High-Performance Solder Materials by Multiscale Material Integration
by OHiroaki TATSUMI, Shunya NITTA, Hiroshi NISHIKAWA, Takeshi WADA, Hidemi KATO

1. HARE™
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AIETIE, AFEELRE ST IIIAEEEAHEL AN T2 FEOMF & BT 2 BEM R O R m
BT E BRI &35, AMETIE. EROFR—F 2 Cu ZAWTIZA T EERE L UK T 25 FIEDOR
B, BIO, TR EIRMUEESIIATZEETEEL DT 2 v 7 NTATE G4 R ORHEZGHE L 72
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2. HAEAE
2. 1 BREODLOER—FRAOU/IFALESHEEDER

AW %% Clix. DHBT (Dynamic Hydrogen Bubble
Template) %% HW 2 Effd > = (LLF, DHBT - X)
ICE W AR—=F 2 Cu ZER L7=, DHBT - & &1, /K
BNRTNET T L— e LR—T AEEERT 5
B> & FIETH D, H-o &KL, CuSOs5H0 &
HySO4 % ZHEH 0.6, 1.0 mol/L OEIA TIRE L TIER
L7z, EA 10 mm, JEE 1 mm OMARRO Cu FE:b 2 4%
o EME L, Btz PR, 2% RHR O Cu bt &
L. EIRHEE 2.5 Alem?, @ERFM 90 s, B EEAE 20
mm, FBEOFMET CEMD > X EEM L=, Hohi-
RN—F A Cu OWBIBIEAE R % Fig. 112779, DHBT ®
S ETHAE O ZRTRR— T AfENBR SN, B
Fem ORALIE, Fig. 12”3 L 2128 30um Th o7z,
FZORESIIR80~110um 72572, 29 LicAhR—T A
BEIZY 7 I 7m0 A XD 25K Cu DEAETH
D, REREBLATLIEEN RN,

AR AR —F A Cu ZF%IT7= Cu FEMITK LT, 0.15
mm JE£? Sn-3.0Ag-0.5Cu K DITIATZTEE S 5> —FHD
Cu M 2 #E U, (XA 2Lt ciEpl-RESE 5
LI Ko TR FEZER LT, ZDORER, Fig.
2R T LT, R—TF A Cu OKILITIZA T IARR
%L AXAE RIS pm B OFRIRES LS L 7o .

RN . L 1 e - _ Fig. 1 Morphology of DHBT-plated porous Cu
EMIENTER STz, F5TABRIIZEC CusSns aimmégaﬁkm%mmﬁmvﬁyﬁﬂw
1‘%5&4 é Ty ‘fCo /7—\?&4 Ho X %#%?ﬁﬂﬁﬂ‘?‘ HZlicko surface and (b) its magniﬁed view?).

T, EEMEOHEFED FZBRNRHRF S L7,
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Electrodeposition Stack

Fig. 2 Molten solder infiltration into porous Cu deposited on Cu substrate: (a) schematic process (b) general
view of porous Cu/solder composite structure, and (c) its magnified view?.

2. 2 ¥ERICHEF/HFERIMLEESIAL
BE D

TS i~ i H L &R O CO, HEHH & DO AR D
728, I RRAIIA T SO A BRI S TV 5,
BEIZ Sn-52In B4 IXALEN 119 CEAETH D I, K
BRIE DT IEL ERGITIZE > TRy, 29 L-h#
F B, Sn-52In A FERSMED T 2 KL F 2 BN+ 5
Z LT X o T MR L & oy EeRibic X D misEAL
FHEERELTEZ Y, FFlC, BEYR 2ro, DR %
NiO THFE L 7= NiO #¢% ZrO, F / i+ OB AL T
H5HZ L NIO ##EIZ X > T Sn-52In 54 TD Zr0, F
J RO BERT BT A RREMERH H Z LR E N
T&7 (Fig.3), 2E V., WRUIATEEE LIRS/
KR EDORIEORENEETHD Z L BRHES
iz, & TR TIEL, FERISHET /R DEfiss &
VAR Sn-52In &4 L ORIWEEZFHMET 52 L & Lz, B
1E, KRR EICERII AT A2 ERTE T Lo

NEBEFHEL TV, . I -
Fig. 3 SEM images of Sn-52In solder alloys (a)
% . without and (b) with NiO-coated ZrO»
3. SEH nanoparticles?.

(1) S. Nitta, H. Tatsumi, and H. Nishikawa,
Strength—enhanced Sn-In  low—temperature
alloy with surface-modified ZrO, 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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Development of plasma process technology
for low-temperature formation of thin-film transistors using amorphous semiconductors
by OYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Kazuya OTA,
Toshio KAMIYA and Keisuke IDE
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7T RXFVT 4 AT VA OKREUL - EiEREL - Z2HRR(EIC LD . B, T L—AL— DT
4 AT VA OEBUZMT T, BREIR T OEEENRONTND, £/, ZJLF VT AT AL AR =7
TITNTINARAENSTRERDT 4 AT VA LIL R DHEBEZE FFOHTT= 70T /A A ZARIR TR T %
TENERINTND, 2T, AWFETIE, BT A 2O EFERELIZ AT 7o MRS L TR Ak
WICBITDEE IR A= T e AEHB T 570, 77 A<HIEC LA IRE 7T e AOB#E1T-> T
W5, R, SR OS2~ a ' ZGIE LI R ER b R AREIR OB I T T, vk bR
VMBS TSI A EBEETH I LI L ARy Z R OMHEER & IO S Mok Rk T
T 5 SOGHNERL - OHAE R A IRSTITHIEN 325 2 E N ATRE R, 7T A~ TBLUGEA X &2 ) o 7 SR
ZRAF L, 2 E TR TEE R a-1GZO IR 2 R L T\ D, AERE X, FEREVER L 18
K% AW mPERE TFT OKIBIERAZ HIE L C. 77 A~ KBRSy 2 ) o 78R % VW,
FEREM B A B e L CHEH SN TCWATEALT 7 ABREA U 7 A (a-GaO) A % — 47 MEH
LR A RA, LR X OB R E ORI 21T - 72,

. BIERR
7T A2 TEFOGHEA N 2 ) 7 EE A T a-GaO EIROTERICHIT T, A28y Z U w 73EE D

Wefifido L ONEIBI R 21T - 7o, WEERIEAT o 7o, BB O /KR EIL 2 20T K D a-GaO 3B D HEHTR 1
DR 2T, AFEITE BIC a-GaO WIROKE R Z BiE L, #—7 > MImERES) 2 FREICEIN

T, HEA~O NSRBI OHIE 25872, EROEL 100 mm O#EfMED Ga0s(HEE 99.99%) D EERE AR %
0.53 Pa, Ar 20 sccm,H20.1sccm 0.53 Pa, Ar 20 sccm,H,0.1sccm
ICP 500 W + RF 100 W ) ICP 500 W + RF 100 W
| | | | 6 | Detection limit
ME g 10 3 [ )
58 g i
~ [ O i
§~ o0 > s
7] i~ 20 o
S 54 1 % 107
© L
£ ® * .g 100 ¢ [
E 52r ] 2
] °
°0 20 40 60 80 100 107 o
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Fig. 1. Variation of the film density of a-GaO thin films Fig. 2. Resistivity of a-GaO thin films as a function of duty
as a function of duty ratio. ratio.
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Blue Organic Light-Emitting Diode with Extremely Low Driving Voltage
by OSeiichiro IZAWA

1. HEEHN
AR EL 13, M2y P T A NTREMENENTHD, BELST7 LI T NMAENARETH D LWV H R %
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HDOZJREDH B, FbEWTERNLX =52 G T HHEHAKEL F 1 TlX, BREIEEN I VU EERENI &0,
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2. HAEARE

Fig. 2a IZ7R 7 X 912, UC-OLED OF /31 ZATIE TTA ZfRH L7-H AL E CT BIEABHIS N5, £4
HEDED CTHNIE—2 LV Ec 2R L, HFOEBNHLVINBE TR (EQE) #H M L, £/, & K
—DIRERLF Y AN ERE L. 300K £ THFT D Z & TRERDO T =R A — (En) & AFED - 72 (Fig. 2b),
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3. ZEXM

(1) J.-Y. Hu, Y.-J. Pu, F. Satoh, S. Kawata, H. Katagiri, H. Sasabe, J. Kido, Bisanthracene-Based

Donor-Acceptor—type Light-Emitting Dopants:

Highly Efficient Deep—Blue Emission in Organic

Light-Emitting Devices, Adv. Funct. Mater., 24, 2064 (2014).

(2)
Emitting Diodes, CCS Chem., 2,
(3) S.

1278 (2020).

(2023).

(4) H. Iwasaki, K. Fujimoto, K. Banno, Q. Shui, Y. Majima, M. Takahashi, S.

Izawa, M. Morimoto, K. Fujimoto, K. Banno, Y. Majima, M. Takahashi,

Blue organic light—emitting diode with a turn-on voltage of 1.47 V, Nat. Commun.,

D. Wang, C. Cheng, T. Tsuboi, Q. Zhang, Degradation Mechanisms in Blue Organic Light-

S. Naka, M. Hiramoto,
14, 5494

Izawa, Electron

Transfer Enhanced by a Minimal Energetic Driving Force at the Organic—Semiconductor

Interface, Angew. Chem. Int. Ed., 63, e202407368 (2024).
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Development of Quantum Materials and Innovative Device Structures
towards Topological Quantum Computers
by OTakao SASAGAWA, Wataru YAMAMORI, Shota OKAZAKI,
Rikizo YANO, Naoyuki KATAYAMA, and Hiroshi KAWARADA

1. HEEM

FEAEA~OHRRE Fo TWDE T B a—2 Tk, KEWOSEHEMEDOGH L B2 MREDHESL SR
BEIRHS TS, BIRIIZIE, [l x DR TFE YRR ) ARRLZT — |25, b/ =T —5T IEA LB LT HT LN
RV A7 72 TNDTD | ZOFRRREL TSIV QWD DRI Y VIR E R 2 > T- B2 v T
KR ESNA MR IV B FarEa—2 | Thh, MRaDhVBRER T, & T Chit) L IEFL (KR ) D
W7 OMEERFHCH D Fka I n B T2 R ~a Tk 72 A T AN T ESN T
BY, I aEF B B a— X TIEREIC T — 2B r|l CELIEN RSN TSSO THD, —FH T, <
AT TR T B R AE TEDLRM T NAAEEDO R IEIIRVEA TRV, ZZTARIFIETIE, ZDLH7%
B IHRENT O R #EE ORI U T E RV RN T T a—F bk L, ~I 7 UERL A AR T 52D
HSkAME B OB E . FNDE AW T A A (LI LA MR Y IV & T2 Y RO BRI ELA TV
2o

2 ARAR:

MoTe; 1%, 2IRTTHIZRIENN T 7o T VT — 21 (vdW) FilifE L, 22 ] SO e FRIE O R 72 d A 15 25 D R
YA TAN R THD, LT, KR (0.3 K) TlEdHAHODBIREERTZenh, MY IVils
RO E L LT A SIVTE L, I, vdW FEE O ~ZBIPEZFI L T MoTe, 288 £ Tl L%
&L BIREIRE S E K e ER AR T ZENR RS- Z 812XV LY. Gan et al., Chin. Phys. B 28, 117401 (2019)],
FICHEE EREESTND, T TARBIZE TIL, MoTe, D & dhE HLS s sl A BHIE L, Z A0 ~ZBHL
THEETH U B L 38 7 2 M L BB AR OFEHIN IS DWW CEBRIRFEZ AT 72, K1 (a)lZ 22 X
R KT FRIE DR AT 56 A E ORF. LIS T SA AN LU= R PEREAT B o Bl 2R L7z,

B 1. (a)ab i b 572 MoTe, Dl ftiE, (010)f LB m ThH D, (b) ~ZHL Tl bLIz~ A1
T — I ZEER L= T AZOH] (FEIL 4 BOEA),
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FHID) o (b) 4 R 123500 @ Wi T L b WO TSR A WL 7235 A OISO S5 20 B 5 DO RESH (A7
P,

X 2(a)lZiX, 2 BRI O BICOWCHIE LB OIR R FIEE /R T, 4B TIX0.75 K, 2B TlE22K &,
2307 (0.3 K) J0hiEn 2 m B U7 s SRR E MR S T, BB bIc XA BRI E O Rz
WCHBLERIZKL TODEWIHAE RN D0HE0, Kb i E N EE 2 R 1 CThD rREMEE RIE T 5
FERELTHEA LW, I, B L DIEPHIE BT, H2miR o 123 B U CRS IR EIEDE
T 710 (a BhAs KON b dil 7 10) OFE R AR LT- L2 A | BIREIRIEICB T HFEMN R LN Z D7 A4 —Riy72
TEDINEFE LT (K 2(b)) o 28 Mt FE OB BB R R A 7o i A Bl & U C | BB AR A 2 1)
TWo,

3. BRHX

(1) “A Robust Weak Topological Insulator in a Bismuth Halide BisBr»I,” R. Noguchi, T. Sasagawa et al., Phys. Rev.
Lert. 133, 086602 (2024).
(2) “Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of AB-Stacked Crystals” H. Tanaka, T.
Sasagawa et al., Phys. Rev. Lett. 132, 136402 (2024).
(3) “Gate-tunable Giant Superconducting Nonreciprocal Transport in Few-layer T¢-MoTe,”
T. Wakamura, T. Sasagawa ef al., Phys. Rev. Research 6, 013132 (2024).
(4) “Gate-Defined Josephson Weak-Links in Monolayer WTe,”
M.D. Randle, T. Sasagawa et al., Adv. Mater. 2301683 (2023).
(5) “Unconventional Short-Range Structural Fluctuations in Cuprate Superconductors”
D. Pelc, T. Sasagawa et al., Scientific Reports 12, 20483 (2022).
(6) “Giant Second Harmonic Transport under Time Reversal Symmetry in a Trigonal Superconductor”
Y. Itahashi, T. Sasagawa et al., Nature Commun. 13, 1659 (2022).
(7) “Dry Pick-and-Flip Assembly of van der Waals Heterostructures for Microfocus Angle-Resolved Photoemission
Spectroscopy”
S. Masubuchi, T. Sasagawa et al., Scientific Reports 12, 1659 (2022).
(8) “Magnetic Field Reveals Vanishing Hall Response in the Normal State of Stripe-ordered Cuprates”
Z. Wang, T. Sasagawa et al., Nature Commun. 12, 3724 (2021).
(9) “Evidence for a Higher Order Topological Insulator in a 3D Material based on van der Waals Stacked
Bismuth-halide Chains”
R. Noguchi, T. Sasagawa et al., Nature Materials 20, 473 (2021).
(10) “Pair Density Wave at High Magnetic Fields in Cuprates with Charge and Spin Orders”
Z. Shi, T. Sasagawa et al., Nature Commun. 11, 3323 (2020).
(11) “Zero-energy Vortex Bound State in the Superconducting Topological Surface State of Fe(Se,Te)”
T. Machida, T. Sasagawa et al., Nature Materials 18, 811 (2019).
(12) “A Weak Topological Insulator State in Quasi-one-dimensional Bismuth lodide”
R. Noguchi, T. Sasagawa et al., Nature 566, 518 (2019).
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Stabilizing crystal structure of a pyrochlore-type oxide via high-pressure synthesis technique
by OKota HANZAWA, Tomotaka FUKUNAGA, and Hidenori HIRAMATSU

1. IXEM
480, D— A TR EIND N34 v 7 a T HREBEMIE. A & BOWEILEOMAGDOEDZEES NG,
EEEMESCHRAE N O AREENE, TREGME, SR RRICE S £ THRA RENTEREE R T 5, Mo R
TS AR ESEDIEEL LT, KB A 48 (Riy Re. Ro) & HWIZFFEREC!T [1 = 0.866(R4
+Ro)/(Rp +Ro)]°A A 2 R Ry/Rp 3 LIZ LITH WSO D RARp ZFEIE & 5 & 1.36~1.71 OFiPH T/ A 1
7 a7 RREENZER LT <, 20N TR ATEES Y =X T 4 MEENZEEL Lo W E R A
HHNTWND 2, LNLRRE, ZOMEDILEMIIN T AL DT o F A b RIGCEESE KR & 5 PNIZERD
AT L, ENDH BBEENICEEICEH G T 5720, 2RO OEEORETHETHL Y =T A MG
BEAMEEAIL DO H Y . WARERZEOIIEL  *TEr@D PORLRDN UM
725 TR, ZDT2 FEFUEEE D RARs 6T LB D - Sy e
REERINROZRK F 2B SN TEIUL, Sy o7 ik
BOREDOMAIZI2D Z E DN IND,

CayTayO7 1% 1.75 @ Ry/Rp ZFf b (ERGAF OE WD
fbE /e B¢, S A vy T (2B  Fd3m (No.
227)). EJidh (€222, (No.20)), HAMS (C2 (No.S5) . =77k
(P3121 (No. 152)) 72 & 8 FEFE D OfE & 2D Z &N H 5
LT A (Fig. 1o ZAUTIEND 428,07 L 1T HE 72D CayTa 0y
DRECTH D, M A a7 a7z ONTIE, ZNET
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A, EARISETIE, OOHE ¢ CIEEMOAfmse ]
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BB AT, SRR SR v s 0 TGN E p
St b TS, Thx bEEMOEMRIGHE & A&k TR 3 1200 °C

BIOMERLZ R 08, SA 17 a THITE LT, X Gk

fEHT (XRD) 735 =5 A MNECBT 2 = A iEsg o ] 1400 °C
7 %R L= (Fig. 2 P 3T), EMIRUGEE L 12820 | K
A BIEIEEV MU R T v v L L SNIIE ) % [ e FE 3
BEWIETH D, REHTORBMEETIEY =T M
BHHE L S a7 o TR EL LRV L2 BET 5 &, i |
NS B Y u T RSO ECITEMEER T v vy ]

Y. | Others
4 _ # Cc(9)-6M
| & am
U] @ 5m
& 6T

Intensity (a.u.)

1600 °C

| [ 1 |
Ca,Ta,0; (Pyro.)

ADEBES. b L IZZORENEETHS LEZLND Ca,Ta,0, (3T)
M, ZONT RN TWENARHBE CTH 7=, £ 2T, FE 10 20 3‘0 40
SRR TIN5 AMERIE 1) DN % 3 B T2 oI LE ARk

125D CarTaO B AR L. M 2 3- 5 = & T, %72 20 (deg.)
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2. MIERE
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Fig. 3 CayTayO7 DEER R, (a) BRI GREE, SMBET)) L0 7cfbiimH L ORf%, P T, A,
A, B, C, UL, 22 Af v 7 a7 CaTa07. 7 =XT A i CayTa0;, KIRFE CaTa06. &
IRAH CaTa;06. CasTaz0o, CaTasOrr. REEHIZHIST D, (b) e DES) T TEHBK S L7230k D XRD,
A EQIFENZE U @)F D U2 & U4 DEHTLE %2 KT, (c) Ca(OH), & W TH AL L 72 Ca;Ta07 D XRD,

b3 2, 2 DEIXFOCORLE S a7 a7 e 3T 8 #FT DK, £ LT, 3 2HITRETRLES
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BCTHDHIENRBINTZ, T T, mPICEENDIKELEKOBEEFTD 20, FIRDLUEEYT A58 217
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. 5 (2015). (3) L. Zhang et al., J. Phys. Chem. C.
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Subramanian et al., Prog. Solid St. Chem., 15,
55, (1983).

Fig. 4 (a, b) CaCO; & (c,d) Ca(OH), & HZEHFUEE L CTHW
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Optoelectronic properties of non-crystalline Fe;04—BiF3;—B,0s: enhancement of electronic conductivity by
fluorine addition
by OHidenori HIRAMATSU, Zhongxu HU, Takayoshi KATASE,
Kazuki MITSUI, and Akira SAITOH

1. HEEHN

TENT 7 AIGZO (In, Ga, Zn, O B 72 5bM) 13, EEEMETIIEZ2 LI XY VT F—E 7 MREH
L72ED B ch Y . RIBICB W TBEIER 10 cm?/(V-s)Z /R n B8R TH D 1, —J7, Bk 7 A

Tix, EBeREZEICEAH, B8 x v

FAREA D = X2, JiE Ay B 7 5E 2

IZFes04 % R—E L 7952 L TEAREN

U7 &4 5 Vo05-Pr0s 250 CdO-GeO, * BNE SN TEL . &
BEIINY FEETHH 3, ZHETIT, JEE Bi,0s-B0s

R LIz b ;’g%ﬁlﬂj: L7z 473, AWFFECIE X ;'I-" 10% T1Fa 0, —48iF ,~3081,0, —458,0,
bR B B MEREO N LA RABT, 7ok § ., [ roem
BN LT SR BB 2 R LT, 3

E 10 P "
2. BRAE 2 o § | 5o, o wmo
2. 1 HEMFHEABIPHAEOSE 9 @ | "-sed 0

APEEEIEIC L 5T, FeOu RIRM LT 5 [omn 3 |

fnE Fe;04—BiF;-B,0; ZERL L 7= 5, &kt % 10! TEF - S58, 0~ 300,01, - . o w
EBBFE D THEL SR 5[ oo 20 ncion st ke (V)
DIF RN F— et & Tz, ELT, K T s
WL AT SRS 2 Taue 7'y &5 Photon energy, iv (eV)
ML, PN BE Yy TEAGI, K- Fig. 1 Absorption coefficient spectra of non-crystalline

FE, v U TRE, S U T7ToMmEERD
DO, R—NVEEBELEB—y 7 ZHD
IR R 2 SRIRD 5 400 °C D& THIE
L7,

2. 2 XEYH

21FC3044BiF3*3OBi20345B203 and 7BiF3*55Bi203738B203
for ~30—90 pum-thick films. The insets show sample photos and
the Tauc plots.

Figure 1 |2, FEA'E 21Fe;04-4BiF5-30Bi03-45B,0; 5 LY 7BiF3—55Bi,03-38B,03 D Jtids it 5 DR A7
EWMINBEHE R LTS, ABORNBEARZ VD Taue 72 v M2 b, FEE
21Fe304-4BiF;—30Bi,05—45B,0; DI
R¥y v 715 2.0eV EHE LT, Temperature (°C) )

¥ 400 300 200 100 Fig. 3 The dc
. T L T conductivity of the
2. 3 EBFEEEHE 00 - _ )
Figure 2 1. JEfE 21Fe:Os 4BiFs 21res0,-4ns-0805-450,0; [ sampies - as @
& v orme o T e o o . Ko function of
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fOERERILEELIREOYEOBEKE & emperature  with
LW LT B, TLowRBCLE s & 40F o P
\ N ] =] =y e 10Fe30,—456i,05-456,0; - plctures of
7o B RO BRUREE RL TS, £ g . — camolos
1. 25-400 °C DR TEEEAENED S 00F N P
FERME MBI SN o T 2 D I “xl .
%%1&&%’(&) L2k i)§ﬁ<u§ éﬂflo Ejlé(fﬁ‘ 15 20 25 1.0 15
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LTz Fe¥'d Fe Ok v BV 7RAICE - T
BIPRET LEMREDOAN =X LES—A closed circle) and carrier density (right, open), and (b)
&LC, 7 YR L - TH v U700 Seebeck coefficients for non-crystalline
RADZALBRNTDL EBR Do 21Fe;04-4BiFs-30Bi,05-45B,0s. The AT-AV plots at T =
Dbafens s, 7ymMRMSIIEHGE 55 and 400 °C are inserted in (b).
‘B 21Fe3;04-4BiF3-30Bi,05-45B,0; 1% . 25-400
°C OHFIFHT n BE RGN\ L35, ZiUd, Fe04 (Fe?', FENZmIREIC NR—E 7452 THy U
TELPAEMR L, FRHC 7 v RPN E D AR SNIZE L EHICRy B 7R85 WIE BP0 6s il
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bl LA

100 = —1ar

Hall mability, u [em2/(V-s)]

Carrier density, n (cm-3)
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Fig. 3 Temperature dependences of (a) Hall mobility (left,

F Y &
ce c8 Fig. 4 A comparison of electronic
structure models of (a)
Fo 360 (Fe™, Fo 3 ipe2®) | Foad (Eeh feal ) 21Fe304-4BiF3-30Bi,035-45B,05
3 e : = and (b) 10Fe;04-45Bi,05-45B,0;
2 e Er L; 3| = % at 400 °C. The carrier density and
5 2| & 3 - 7| & optical bandgap of (a) is estimated
T from optical absorption and X-ray
-‘_\l Tail stata o Ever h L. 5
v photoemission spectra °.
F-2p/0%2p 0= 2p
VB VB
pos pos
() 21Fey 0= B o= 30y Oy =5 By Oy (B} 10F 840, ~ 4580, 2580, (Raf, [2])
3. ZEXM

(1) K. Nomura et al., “Room-temperature fabrication of transparent flexible thin-film transistors using amorphous oxide
semiconductors” Nature, 432, 488 (2004).

(2) E. P. Denton et al., “Vanadate glasses” Nature, 173, 1030 (1954).

(3) S. Narushima, et al., “Electronic transport and optical properties of proton-implanted amorphous 2CdO-GeO, films”
J. Non-Cryst. Solids, 274, 313 (2000).

(4) K. Mitsui, Z. Hu, K. Hanzawa, T. Katase, H. Hiramatsu, and A. Saitoh, “Effect of iron substitution on electronic
conductivity of bismuth sesquioxide glasses” J. Appl. Phys., 134, 0751011 (2023).

(5) K. Mitsui, R. Matsumoto, M. Mori, Z. Hu, T. Katase, H. Hiramatsu, and A. Saitoh, “Enhancement of n-type
electronic conductivity in bismuth iron borate glasses by fluorine addition”, J. Appl. Phys., 136, 235104 (2024).
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Influence of the SiC substrate off-axis on suppression of step-bunching by the polymer-assisted sublimation
growth method
by OTakuto NISHINA and Wataru NORIMATSU

1. BAREH

7T 7 0%, REBERL DGO RTE O RICES L —ReWE CTh 5, 777 =HF0Fxx ) 7TiX
2K T 140,000 cm?/ Vs B2 D BENEZFFO ' 2 e W= L7 he =27 2kt E LTI ST 5,
RV ~—34E SiC BV fRik R (PASG) 1A, MM TH 5 SiC LIC /T 7 = U #EERCE AlHE /e FIE
Thb2 ZOFETIIEOMOEEREARRTIEI LR, AT v T RUF T EMNEND, 777 =
VBRI D HARE R DO AT v T @ S OBEMEMHIT 5 ENTEL L BVAT v T 7 72 DX ¥
V7 HWET D372, AT v TR F U T2 TE S Z EITPASGIEDOKRE KA TH 5,

I RT —=F XA RN BND SIC FERIE, 4 £ 8 DA T AEFES, LILARR S ZHE TOMF
eI, A7 A% L OIEMRITHK L TIL, PASG JEICL D 7T 7 = VAEITHE STV iRy, £ 2 CARIFZE
TiX, WH SIC V=N KD 7T 7 = VIBRTFIEORENLZ BIE L T, PASG IEIZ K57 7 7 = UERITE W
T, ATANRART v TR F U TIN5 2 5B AN THZ AN ET D,

2. IEARE

2. 1 PASGEIZKYBLN=TZ 700K

I 7 A ORI L AR RARTRNC, AP e D4 74 Th b on-axis SiC E# A T PASG 1£I2 &
DWIERL L 7= T 7 = OF8% R4, BARAJIZIZ, CREE #8 n F—7 on-axis 4H-SiC HifE Ak (0001)FEAR (2 5t
LT, RV =—RBEBMLCOLNMEATE 2 LTI 72 VB EIT T2, R ~—EKIZ 7+ LY R
L (AZ-5124B) %A Y 7 a/N ) —)VIZEMT 252 & CTER L, B 0 BELUN5000 ppm & L7z, MBS
1£1650C, 10min. ThH o, (FR L7 T 7 = U FEHT, JRFFIBEMEE (AFM) BlEi L OV T ~ v elllE

(2 & o TR L7z, . ;Trf ;i?*wye|ﬁbqazg

Figure 1(a). (b). (c)BLT). (¢). ¢

McEnzn, RU~—RgEILLY® & D 36.7 cm"
5000 ppm OREFNSE SN AFM B ©
W, (i, S~ AT ML ER

Intensity [a.u.]

1000 1500 2000 2500 3000
000 Raman Snift [em)

o AFM (AR ClE, RBRE O g |] Wl |0 g lofle=15 2D
PEDER = BT A b LTRSS ox § 36.6 om”
nNalw, 777 omkrzosy S =i D '

T ABRHIC AT 5 Z b T & s, @ T

. . . " i o b e =11 [ Raman Shit [em 1]
Figure 1@)5 L OWEZLET DL gy 1 ir(a)-(c) 0 ppm 35 L V(d)-() 5000 ppm 0 U ~ — g

5000 ppm TIET 7 AMAIS S AT omy iy ARM BRI (AR S £ T~ 2 A< oL,
TN F T RIE SN R

D, AFM (ARG B, RO T A RBALND OO, WA R LI E R DD,
T AT FAAMSIE, WTROREHZ BV TS 1360 cm™ AHUTIZ D 232 R, 1570 em™ (3512 G 23 K
2680 cm™ LTI 2D Ny R EMEIN D B — 7 BEIZZ STz, G/3 K& 2D N OB, KO 2D N
ROYAEEN D, WTNORECHLHBE 7 7 2 VRGO LRI NS S, LLEDOFERD D on-axis
SiC Z W= BE . RYU ~—E 5000 ppm F2E TIZ AT v I F o ZRHH S, IRWGER THE 7 5 7
2 UBNELND Z ERbho T,
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2. 2 BRABAIJADERFRAW-I>7z B

’ T, A7ERERANEZS T 7 = U E
1TV, F ORFE A FH~ 7=, BAREIZ1E ., TanKeBlue
#1:84 n-dope 4H-SiC HifEAH(0001)1 > = b
F 74 & LT0.0,0.2, 0.5, 1.0, 20 BLT4.0° 1
)0 H U TR B 2% it U 72 B5AR & VN T2,
XU DICEF T7ADEREHNT T 77 =
B D DMK ORI ZITV., Z D%
V~—BELZELSEDL LT, 47/
T AEROREREE T, RERTIE, B
£ 0, 2000, 3000, 4000, 5000, 6000, 7000, 8000 35
T 10000 ppm DR Y ~—¥iK & F\ 72, Figure 2
WCEBREREZRT, M, WThot 7480
BAETH, 0 ppm Tlidxb T 7 AMERIAL AT
v 7 EISbENW—HT, AU ~—REDHEMIZ
o TT Z RIS AT v TR D 2 &N
bhrot=, F2, BE 10000 ppm Tlxkd AT
IR F U TPRIMEIEN T b D0, KEIZE
BorpRomERBIE SN, Ui, AU~
—WNBEREITH 727200, TO—EREIEE

Fig.2 74 0.5°, 1.0°3 L1V 4.0°? SiC Fefk & H\ T
JEEE 0, 5000 35 L TY 10000 ppm DR U~ —IFIKTY
77 = UREEIT o 12BN D AFM IR,

N
(4]

(o ToZ bk eBEZOBND, T~
Ex Teon Te02 —em05 —em10 —em20 —e—do WEOFERND  ATORMTY T 7 = VR EN
s | T2 I ERbhol,
£ EATHICBIT LR~ —REL AT v TEHED
o B4R % Figure 3 IR, Mnb, A 7ANRKE L o
ns F221FE LV EORY v~ —RETAT v 7E<
" B LNbh ol T, AT ABKRENIEE A

0 2000 49%09 - _i%?ﬁgc;gpm] 8000 10000 v FBEELRIWVWED AT v T TOT T 784
ARTNZEVZL ORI ~—RUEThoTcloH L5
Fig.3 HATHBLIOER) v —RETONE 2 on5, £ KL AT v IAVF L7 BIEI SR
AT v T @S, DERMZBNT YA T v TESEEDEF 7 HTH

1.0nm fBETH D Z ERbhrolz,

3. ZEXM
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Kim, J. Hone, K. L. Shepard and C. R. Dean, One-Dimensional Electrical Contact to a Two-Dimensional Material,
Science 342, 614-617 (2013).
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epitaxial graphene for electronics: large-area growth of bilayer-free graphene on SiC, 2D Mater. 3, 041002
(2016).
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Y—RETPIILF T4 H—FA4¥E F MOSFETs D1EEL & = B

AR Ol Ba4, & =20 KE BT, A K
BREHRFT 7 - 74 7R e s 8. JIRE 7

Fabrication of Source-via Multi-finger Diamond MOSFETs and RF characteristics
by OYuki Takano, Yukihiro Chou, Kosuke Ota, Yutaro Hashimoto, Atsushi Hiraiwa and Hiroshi Kawarada

1. IEEM

Beyond 5G OFEBUZMIT, @l « KERIBEEL~AT 7 mEEEESROMBNEE TH DL, ¥4 vESR
IZIEWNT A R RE v v 7 (5.5 eV), mWHERIIEE R (~20 MV/em), mWEVEER22 Wem'K), KUt
HEBEC DR EOMMMEEA L TVD, ZbOMMEMEIL, BIEREKT A AT fEbiLTnd Si <,
FEAERHED STV D GaN ZiERET 5 i @@%&HT%D\ﬁ%%%yFﬁaﬁﬁ-%mﬁ%@%Kﬁ
DD PR EHZE LT D00, FRIZ, ZOEmWBMRERIIV LT 7 4 U —EICKRETHY, 71
H—E DI X ViR — MEZIERT 22 & T, BERBIC XL 2EBRBEOHLMH &, 7 — MEHIOK
I K2 EE R EOUGEDWNLN AR TH D, XY, MREORW~ LT T 0 o T—5— MIT, &
JEEFEIRIC T GaN Z M 2 2\ W ENFIEFWmm? 2155 Z & 2 BiEd, MEDIEBFEETIX, v v F 7
A B Y — AR LOEEE, =7 7Y v UMEE LRSI L > TENEIUER L, 734 ZH)
EICRPH LIz, LvL, =7 7Y v EI=7 7V v VOERBRE ZORBELNRECH D, M
EXEBEICE LS CTHDH 0, 7 — NEBERICHENH 0 BN m R E S D ICE S o T,
V—AETHESE L. PLUTFEOPHERZ N L CTY —RAE MmN ERFRHICERIN-#EETH D, ¥Y'— 1 E
IR BV TN N B 0 | MRS IE O R T S A 2 L lg L ¢, %&Fﬁkmﬂﬁ%$®ﬂﬁ_mL
IEETH D, AT, WL RD Y —AET Y IVF T 4 H—HAFYEL K MOSFETs Z1ERL L, [ER7E
Ti-FEERE R L ONR R R & s T 5,

2. IRKE

2.1 TNARERTOER

FT. (001)P+¥ A YE L FHEMR B, ~1 7 vl 7 T A~{bF5pkE (MPCVD) &2 T, V—2A -
KA o) — 7 &EREMNZ DT v R—7/12% K=& (500/500 nm) #p%fEL7-, D ki, “ Rtk
ATAZEFEL, Ty E L THATATEDOHRMET > R—=78 (500 nm) ZpEL7-, WIZ, FHEHE
BT TASRIGEA A =y F 7 (ICP-RIE) 12XV, E33 umD ML TFEEK LT, 0%, P+
e Y —RAEMEZEESE L0 @EERa  R—7@% MPCVD & T L 72, i\ C.E T & — 2 (EB)
EEICL-oT, V=R - bv4/ﬁﬁ(nmmummmwmﬂ%%mbto%W§ﬁ KBRS LB % it
L. C-H F v RO & BRI L DR F ol a T o2, 61T, 450COJRFEHEREE (ALD) &M
T\mo%@ﬁﬂ&bkf~FﬁﬁﬁAMkOMMﬂ%Wﬁbt o kiz, 77— hEM Al (100nm) % #K
PUMBGEEZIC L VIR L, T3 2A&58 LT,

Leg lLoa Vg Lea Woencn Source — Source

Source

(001) P+ Single Crystal Diamond Substrate

Figl(a) ¥ —AET7~LVF 7 4 v H—FA¥EL R Fig.1(b) SR CHese L 7o mifg
MOSFETs O i [X| (7 4 > —$:24 K)
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2. 2 ERBER-EXRHHE

AEWERL U727 31 RE, 7 o4 v A —1 K120 D7 — ME(Wau) % 25,50,100um 0 3 FEED 7 ¢
=R (N % 6,12,18,24 KD 4 FEEHOMAADED 12380 OHETERI Lz, £7-. iR KEVED
L, A — b= MEEEEEITELS o TRBY . RLA VEMmETe X O 27— ~-7— M (Loo)i
FNEI 235235155145 um THY . b Lo FETe L 9 s — b-F— MEEBEL so)lZENE
20.5,18.5,12.5,10.5pm & 72 > T\ 5, 223, 77— ME(War)lE Wor = Wou xNg DA TR S5, Fig2 (2
Wou 325 um D & & D Ne & 4 518 LT ERER-BEFEO K Z R, 2k, Ny DML
— h-— FEEEE L 2o T BB AR 230 mA/mm THERF S, EBF 4 FI2R->T0 D
o ZAUE, FAYEY FORWEMEERD ZATHEMEDRE S, vV TF 7 4 I —5— ML > TERR
BENHEER L F FHEEBERNPERTCE 0 EEZOND,

Ins [mA]

(a)Wer=25X6=150 xm (b)Wor=25X24=600 1 m
T4 T 6K T4 24K
[ neee= 2347 mamm | R e L ATl & = 29%, W, =600 um

] ; —-333.3 e V122667

! . : : =24 Vi
_40 - . :_;,:Su -266,? ...... e _233‘3

: 2000 &
30t {-200.0 1667 £
20 : 1333 -133.3
=0 - -100.0 =

: ja]
10} 66.7 66.7 —

f | 333

0} 3100 > 1y 00

0 -10 -20 -30 40
Vs [V]

0 -10-20 -30 40
Vs [V]

Fig.2 [t FEii- FE R4

WIZ, WouDd 50 um T, Ne&E%< Lz & &O/MEHIEDRRT % Fig3 [T, Ne S 6 RDT /3 A |
TR RFEHEE AL (fnax)= 4.0 GHz Z3ERL LTo, 7«4 W —8% 24 RITHIMEETH, e RFEHEE AL
Froa)l THEFE LTV D, E 72, WEEESE LR~ L TF 7 ¢ o W — D fra=13GHz £ W ESVMETH
D, ZHUX, F—FEEEML, F— b Y—ARBEEFHIH T O EEZEZLND,

(Q)Waor=50X6=300 um (b)Wsor=50X24=1,200 um
T4 6 T4 24K
[ M= 4B 0 mAimm | m (T IY T . = 2k, W, = 1200 m
20
L

%H__ MSGMWNG | | MSG/MAG

Sfﬂﬂjli' 21] W A RN
" b e Bl %
oL L'l S S 25 g T
s 1 ~F - [GH
50j /;]requencv [GHzljo"' 7 4' -/ jJ ﬁ SDJ fT =1.7 GHz fefl“ena.f:z]}j GHz

f; = 0.94 GHz fnax = 4.0 GHz :[E j]u
Fig.3 /M5 =S¢tk
3. EEXH

(1)K. Kudara, H. Kawarada ef al., Carbon 188, 220 (2022).
(2) C. Yu and Z. Feng et al., Functional Diamond, 2(1), 64 (2022).
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5Y9F G Bl IS AR B

(001) #t 2 5 4 v E > K MOSFET IZH1F 5
C-0 L FIBEZRAL=/N LY ME & MOSFET 4%

L R B LA T OWABER:, KHEH. KEBT, KHEEA
(FR)Power Diamond Systems BRE R
BRHEKET /7 - 74 7 Ao VAR, IREE

Bulk Current Blocking Capability with C-O Trench Sidewall and MOSFET characteristics
of (001) Vertical Diamond MOSFET
by ORyosuke YAMAMOTO, Nobutaka OI, Kosuke OTA, Kento NARITA, Atsushi HIRATWA,
Tatsuya FUJISHIMA, and Hiroshi KAWARADA

1. HAEEM

H—ARr=a— R I MIMT, NI —= L7 "ha =7 AOREBEKRT /ST —F A ZAOFRRBITR RN,
HAAYXYE RIXTA RV RE Y v PHERE;=545eV)TH Y, @7 LA 7 Z 0 BERER ~10 MV/em)
BLOERTZR—ALF ¥ FABEHE (1 ~ 700 cm¥V « )[INTIZ, WEF K E 72 5 BYRER (1 =22.0
Wiem - K)&i55, ZHOOWMEMIZE Y| @it « KA ARPID @B E, i 7= P 2 e dafs 2 72 &
iR p U8 —MOSFET O BFEN I ST\ 5,

A ¥ RIIAKFRIGE A ¥E L FC-H)F v 1L L EiR@50 ‘C)ALD I KD ALO; #aziic kv, 2
WITHIN A A (2 DHG)DFERL AN FIRE & 72 %, £ 72 2DHG M3 HALIHK B 9 55 rTRE 72 72 O #iE8! MOSFET (23
LTW5, MRS ITER L & S E L OB TIERDORAREE L v L AR TH 5[2], [3]. XA VEL T
N ZZBWTCAL AV A BREEICE L CiE, C-H Fy 1x/v%d U 7 MERICAWS Z & TﬁﬁﬁEft
EENDZENFREEINTNAME], L UHERAESIZEE L Tk, b L2 FMRIBEIZERL L2 C-H #&imic L B %
RGN RY 7 Mk E UCTHET 2008 9 », BRI T Tz, iz T, ﬂ;‘EjiF"JO) y—z
%?fﬂ/iét&b\ VI E S K72, ARBFIECTiE, 2V 7 ER L OWER MOSFET (25155 h Lo T4

DERAVEE~D B LA LT,

2. BAERE
2.1 Ny ﬂ’ﬂﬂ‘iﬂﬁ

it MOSFET (23317 % J@fi& 2 O b O O E Z 5§ i3 5 7260, 7V 7 T EFHAM 247 - 72, JIE /S & — 0%
Fig. | O X CREEMBBEKImHF A YEL RC-O)& LI b TFHEEOFRE Y yay o7 > K—7&E((300
nm)F3 L OVEMI O ALD-ALO; #2200 nm) DA M Caf 4 FREHERI L 72, K@okEll L, 7 F—7
JENERERER F—T @R MERT ey 7 Ve u Ty R—7 &1 2DHG it & L THEET 5.
F72C-OEFHICLVERFITMHZEINATWS, 7o F—7BOKE%Z 1um & 4um O 2 fEE L, FEmEET
WET D720, JE EREZ 100 nA 2T, 2V 7 MHEFHI 21T > 70, #E7 100 8 ORRJE C g L 72231 7 i
JEDOFERN Fig.2 THH, ZH LV 1 MViem 2 HitEEL 725 2 LB ghole, 127 K=& 4 um
LB N2 —TiE, 800 V A DME S EIES iz, LLEXYD ML FIRER KU 7 Mk & L CRERE

FTHIE, BT AN R ERED D NFIZ L EOTENFTE 2,
C-0 C:H

1 Llﬂ‘tmde _ Electrode
+ 5 pm S pm
00 nm Regrown @ 300 nm 1200 : ;
'\ -Llnpnl 1 um MN-doped : 1 pm AV:-5V o) kFLFHY

Unidoped= Rord
EeApRE T LA o) RBRBAY+ FLUFHY

A ERBAEY

KOOTH ™ s priabsied] SomibATal

AT S R T 1000 [Current limit: 100 nA /’ Ab)FLUFRL

001y p° dinmond substrare 8001

Ly

@ FLUFHY b FLOFEL = 01 s J
ALO, : 200 nm Electode Elctrode ;Ifi-l / hn‘-;in’/‘e
Regrown - 380 in Regrawn < 100 nm RS S 3 1
-Hoped s L pm Nedoped 2 1 pm 200 _x"l’( MY /e

Undoped ;1 or< pm [Undoped @ 1 or 4 pi

LLAe p diamond substrate () g diamesd subsirie 0

Lo 0 1 2 3 4 5 6
(c) R E Y

(@RI Y B OB [um)
+ L . N
FFL;gJT:EqJ 570 L~ LTI ) Fig. 2 #IE LR 100 nA 21T 5
SV IER B — Wi (001) D317 i
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2. 2 BEEEMATER D MOSFET i aT il
TERL L 72 b L v FRETE 2 O # 1 ¥ & > K MOSFET OWi X% Fig. 3 12779, C-H &b L7zY 7
VT v R—=7REERRERNDERIL, Y —ANLS— N FOF ¥, fIBEDO RY 7 MEEAZ®Y , p i
WAFRAViATe, 7L Gl S5 — 2 & OXFIGRAFRIZ OV T, Fig.1(a) & (c)2’ Figd ORED Y —AB LT
— NEMEEEHO N LA BB OHES [ ORB#EEICH =D, Fig.2 ([2C, 7¥ F—7BOEF(LI V7 it
JEOMEICETHD Z EDRHERTE D, T R—=7@2 4 um, EFE F—72 1 um OFT /34 A2 Thiit
JERHl 24T > 720 2 2 TIEASAZ I ERER, 7E3k L 0 IE ERR% 100 nA IZ N, JEE COREZIT- 1=,
Fig.4 |4 7 IREE T BN D [V e 2~ £ OBROMIEIZ-209V &0 F— U —27F m(lc)@téﬂ
mck v, WELERICELZZ ENGND, ZUE, 7F— MEMETO ALO; KLY Ve v v EIcERNE
HREE 22 LICE D b0 EEZ LD, & O, BELEANAIER % TO IV FPER Fig. 5 £720  Vps=-10
Vv, VGS——ZO +50(+40) V CORMEEEN 30.7 V25 252V & OFF iz 7 RLTEH, ZiiLFig. 4 TD
LD ALO: HHVIEHRZ F—TB~DFR—NV N T v TORBELEZ biv, Tt TEREEOKT
73% bhl-&BzbDH, —JF ., ON/OFF id~107 ZH#EFF L TR Y . @EEAN TH MOSFET OEEIXAfE
Fi4 5 2 EDNRTE L, A%IF. S OICHINEEHHZ)IST T, FEZ2iHiT oL & b2, 7LvA 274D
VAR ZTIHEFM A TV, C-H L FRIBER R Y 7 MERE U TR L2 B X T D,

10° : - - _ 10°
3.3, 3pm Gate ... Breakdown limit :
S wlc o 10 A0mA/mm. . | 10°
ERL roYes g 10 - - Current limit-: - | 10° g
) 5 10004 (4 pA/mm) 5
I - . — —
L;ndnpv.zd . G >
(" Mm} | Lo 38 pm,
‘!‘ |Lgp: ~8.3 pm

s _ I - 10
(001) p* Diamond substrate 0 -50 -100 -150 -200 -250

rain Vps [V]
Fig.3 7> F—7@4um, EFF—71um & L7z Fig. 4 & & EFINEE D |Io|&|I6|- Vs F#iE:
FEEL(001) & A ¥ &> K MOSFET D[]
Before high voltage After high voltage
10' ‘ 10°
I e - -40.7 mA/mm L @Vpg:-10V Ipms : =274 “fA’""“ @Vps: -10.V
-40 214 Alem? ke _ -40 -144 Alem? .
Ry op: 140 mQ em P Ry, o 208 mQY ¢m-
— .30/ Vs : 0~ 420V Ew ‘ 3 Ves 0~ +20V T
E7 (AV.-avV E | Io|: ON— OFF.| = " |AVgs: 4V g .
E ol g 10° I5|: OFF—ON | £ E 10° liol: ON = OFF
<5 = 320 £ |p|: OFF — ON
£ ' £ —10"' -
~ ~ Ig|: ON— OFF | = ° [Ig|: ON — OFF
R C " AR R S| PO
A =1 i 1‘: ;
10°
Ote” - 0 ARRE LAt LA PR 0 —— J e Shralh il e S
0 -5 -10 -15 -20 -25 -30 50 40 30 20 10 0 -10 -20 0 -5 -10 -15 -20 -25 -30 50 40 30 20 10 0 -10 -20
Vps [V] Ves [V] Vos [V Ves [V]

Fig. 5 @ EEHNATE TO Ip-Vos Frit 36 & ONIb|&|l6|-Vas FEE

St
AAEO—IIXEFFEET T TILER) Y —F 4 275 1F%E JPMXP1224WS0072) DXIEEZ (1=,

SEXH

(1) Y. Sasama, T. Yamaguchi et al., Nat Electron 5, 37-44 (2022).

(2) N. Oi, H. Kawarada et al., Sci. Rep. 8, 10660 (2018).

(3) J. Tsunoda, H. Kawarada et al., IEEE Electron Device Lett., 43(1), 88 (2022).
(4) H. Kawarada et al., Sci. Rep. 7, 42368 (2017).
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SYBF - BHRTEL - AT 0
BiEESICHE T EERE TOEFATRDOEIL RIS DEREE
RERRZZEERAET Ot Wk

Observation of oxidation of conductor elements at the bond interface during anodic bonding
by OMakoto TAKAHASHI

1. HEEM

GREE AL, TAB V) ERREOFHESLT WA A v 2G5l 7 AL &R LT8R 8,
FHOMIHRM A G E U CEIEZMNT 52 & THEAEZITY HIEThHD, BT RACEBEEZMNTSE,
TARDA F L OBEN - CTEAENTND, TEOHIET, VY —FTA LD TARLCHEN T ALT LI =
UADBBEAICBVWTHEATICHNIBERNESBENEICEARBEARNELET D0 B E
(>100 C/m?) BFET D Z L WERBI R I NI, B EITEAPICT T AT EZBE LA 4 0EE AR
LTW5HDOT, MEOHFEITEAREEERNEETD-OIEH 7 Ahhb#EAREIc—EEZ B2 5 0
AT VBBELCTNAVI=ZULAERIETAMERSD 2 EE2REL TN,

BIEAIN A OB BN E 2 @R T 2SO OEIE L 5 - DI X EE R A RN EET D
BB CTNAI =T LADBENED L HIITHEITL, T =0 AR % G O CTAR LT-EE REif N s
BMENZED L ICHGTENEMANEND D, F 2 THA REER% L B8R EFHMSE (TEM) 2/HnT
BISR L CE 28 BEOMTNS TEM B EERR L & 5 &2 EBEARARH 2 R m i m T iciE+ 5 7=
DEREREI NS ST, BENE T T IR0 EIRZ D7D %E TRIOREMMEZBIERT LN TE
hol, 22T, X0 TEMBREBFZER LT WEEE LTH 7 AR EICT VI = ABEREL, 20
HiKg L T 7 AEROBICEIEZ N THBES LTEMFEEZIER L, ZNOOMTENLT VI =T LG,/
5 2 U O Wi O I TEM B2 1ERL L TEIZE L T=,

2. HAREE

FBMEHNZILY — & 7 A 57 F A Matsunami 50 & B 7 7 A Tempax (& HIZJES 1 mm, [k = {4k
F) RV, Y—F T LT T A

12-16mass%., FEE M T AIZiZ~4mass%® Na,O H
WEEN, ZNDEDOAF 2 DBGBEAIC LB :
AlE e A A L LTEIK, 2D H T A
% 50 x 25 mm O R FIEIZEIN L, Fi 2 B2
ETEE 50 nm OT /LI =7 LJF A Rl L7,

ZOWRBEDRE Z T LT (99.999%) TR NSO MO @il aeRUM  aelRCE  qoH0o
[P CTHEDO#EAIE (T,) £ THEL TS
TNI=ULEEGR, 7 ABROT VI =
LD MU O & fER & L CEAEE (V) L
ZEIM LU=, ThWid Y —F% T4 207 AT
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