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emu/g. fRE7125.00eD &=L 100kHz, 1250e D375 N CRNZFE R e Uiz (K1) o —.
Ble-FexsNidk MRIEFRIREFDRMELTCRLSNTWVEAYIRIT b (FesOy) KDBaWiillREtZrU
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Development of Methanation with Plasma Catalysis Technology

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

1. IEBEM
TR, HIERIERR L, HERUER OB Ic LY =2V F—ENBEEL L TE TR, I—FRr ==
— NI E B LERBRBRESZAIETATDOHFEPERISNLTWS, 200 OREAPRRT 57~
OIZ, RERHEMBEIL L ZbikE (CO2) ZKFE (H) ESSH, RATADOER T THDH A X
v (CHa) ZEBT DAL FR— a OB NED LI TW5D, KIGRIFLL T TREINLD,
CO2 + 4H2 — CHa + 2H20; AH = - 165.0 kJ/mol, Q)

ASE T, itz A5 Z & CRIGOEME LT RV F— 2K L, U & - TROG 2Rt 2 20l
TERIC X DD — B TH 203, BB X DO EMICRENRH D, £ 2T, 77 X~ Ll %
T2 7T A< flfEIC Lo TAZ R —2 g VOREACEERT L2 LICER Lz, AFECBIT
HREZEIT, L BRENMENZ & 20 ISR RACHLZ L, IThHD, KEEIX, I X~
DHTDA B X — 7 » MEEIZ BT 2 B RS L OE L X 27— —7(MS)&Z W T—HD
ARE KA B ERE LT 5E OFEEMRBO B IZ DWW T OB A1T > 72,

2. BIRHR

Fig. 1 [ZARWFZECTHWE 7T A~ A Z % ?giigce)tz)
— 3 VEEOMIKK Z R, 4ME 50 mm, N
®a2mm OTLVIFFa—TNTT T A% @
AR LTz, mEEFRElET T e LT3 & p
EDaA VEMAW, KEEO FERICT 7 circuit

AL WIENERNED Cu DAY aZiRE L RF supply
7o 22T CUu A v ¥ iIEREIC LTt R
P ERERBB/NIWNWTZDIFE AL EA X R — ~— A0, tube
I NITE LW LR SN TV, E -
BRD/NT A—2 L LT, EE % 400W, L plasma
jﬂi 10 mTorr K{%’Dﬁ’_o ﬁx?}:ﬁ%li CO2. H2 Oom Cu mesh
ZFNEI 1scem, 6scem T—iEE Lz, — N
F 7. MS (X DEHEFRL T A& DB % i
5720, MS fEHMEL (WwoMS), MS %77
X‘VAV\T@C?;%(W/ MS on mesh), MS %77 X~ 30cm gas outlet (H,, CO, E:>
SMZERE (W MS below mesh)D 3 /87— 2D CH,, H,0, etc.) -
WCRRE L7,
H AR D AT XU ERE & T e Molecular sieves

(QMS)Z H\W o, A X R— a3 VRO %
L LT, LI LI CHaCEA W B L5, CHa [CO

PARIZLL T oA TEH SN 5, Fig.1 7'7 A~ 3R A & 31— a L 4EE ORI

Molecular sieves
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CH, yield =
Y [COzlorr
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ON, OFF [Z7'7 X~® ON, OFF #/x7, Zi 01 ' ' ' ' '

1%, ZEHERTO CO» 3% CHa I ZS(b L7z EI8 %7 L discharge

D, 5 008 ——. 1
Fig. 2 {Z w/o MS, w/ MS on mesh, w/ MS below S Wi MS below mesh

mesh @ 3 XX — BT 57T X< kB E% e 0.06

D CHa R OWERZ L% 773, w/ MSbelowmesh <

TIERFE & & HIT CHa PEEBEIML T & | t= E 0.04 L

300 s W4T wio MS & T 3580 o CHallL ™, w/ MS on mesh

EAE LN, —J7. wiMSonmesh TIEt=50 & 0.02

~ 200 s OHIFATIT wio MS £V & 1.5 FIF L '

CHaIUERFT LN TWD DD Z D% I 9 . . . .

DLATE A E CHaER SR T o T2 2 &R 0 50 100 150 200 250 300

B, PEORERIE, MSIC X DRI A t(s)

3= a3 EONZAENZE < — 5T, EOWAE
RS, MSIZHEMPHFIET HZ & 2R LT
W5, 77 XA~ND MS OFMBEL Ipol-2 b
X, MS W12 T, 77 AW TAERR S NIk 75 O SOSTEERE b [FIRF IS LT D
ZLEEIRIBLTWS, F/-. MSOEFAIZE > T CHa ICRMNEM L7-H i & LT, Wz g &4
FALIR(H20 737 O, OH Z VI NVE)N MSIZ T v P EaNTcZ EnFEZX 6D, 77 A TCldtkx
PR BOGHERI A DNERR &, 2RI & o THEZRBUG A EIT T 528, RIFHCE ORIGEDE S BEE 20
s bi = 0o < L BIRMENMEWERIFK & 728 o T e, AREERIZ. MS OREEI 728 23Mb Kb D
SRR BE A A L 5 D AIREMEZ R LT,

7T R ERICEBIT D A X R — g BV, BESEIEITA Z LN EETHDH D kﬂ
O Mo T, SR L LA S DY, SHICA X X — 3 VRO EL BIET L FREIC
FOCHEIREIZ DWW T O 2 HEE L TW S FETH D,

Fig. 2 CH4 [ DR K A7

3. HRWXHF
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Susumu Toko, Taiki Hasegawa, Takamasa Okumura, Kunihiro Kamataki, Kosuke Takenaka, Kazunori Koga,
Masaharu Shiratani, Yuichi Setsuhara, Optical emission spectroscopy study in CO; methanation with
plasma, Japanese Journal of Applied Physics 62 (2023) S11008/1-5.

Susumu Toko, Taiki Hasegawa, Takamasa Okumura, Kunihiro Kamataki, Kosuke Takenaka, Kazunori Koga,
Masaharu Shiratani, Yuichi Setsuhara, Contribution of active species generated in plasma to CO;
methanation, Japanese Journal of Applied Physics 62 (2023) SL1023.

F%‘EA%’%%E%

Susumu Toko, Kosuke Takenaka, Yuichi Setsuhara, and Masatomo Hattori, Synergistic Effects of Molecular
Sieves and Plasma for CO; Methanation, The 3rd International Symposium on Design & Engineering by
Joint Inverse Innovation for Materials Architecture (DEJI2ZMA), 20 October, 2023, International Conference
Center - Waseda University, Tokyo, Japan.

S. Toko, T. Okumura, K. Kamataki, K. Takenaka, K. Koga, M. Shiratani, Y. Setsuhara, Catalytic ability of Cu
and Ni in methanation with plasma catalysis, MRM2023/IUMRS-ICA2023, December 11 - 16, 2023, Kyoto
International Conference Center, Kyoto, Japan.
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Feasibility study on resistance Spot welding of steel and magnesium
by ONinshu MA, Rinsei IKEDA, Weihao LI, Paponpat CHAIMANO,
Hidemi KATO, Kota KURABAYASHI

1. HAEBH

CO2 Y EZHIKT 5 7=, AEBEOHEREZRET 2 EMOBBENBLERAK TH D, i, FKOME
RREEHE L2 TR 570, TOZOOFEREZWNLT 57280, ERE R DMK & L o @R g
M~ 72y 8 EFIATH=—AREE->TEY, BEEOBEAEEMNZHE L2 TdhiER o2y, —J, 8
ME~7 %20 LAOBENZENTNHK 1500°C, 600°C T, 3EIEERR DD, WAEE R ICIARMAET 5
ZEMARARETHD, FIZ T, ZITlE, 7RV T LDOHRERBSE, %wmaﬁm@m@%m Y Ni %5y
MR T 5 2 L TH LD Fetl & Mg fH O ILEFAE Sk A I L 7ol 6 217 5 BRI s & LT,
EAER LK 2 MEICENDIEPIA R v MEEZ O CHRBIFTE 21T 5, KER 2, #ikok
HbZE LT, CO2 DHIEE SDG s IZHBRTE 5,

2. ARERE
2.1 b58Fe-42Ni B &I 9L AIIB DI/BINAR Y MEEABREH
Fig.1 (21X, Fe-Ni 84 &~/ 2V U AEEDOE AR Y MRERBROY v 7 v 74”7, Fig.2 121X, #
PLAR v MNEBEOBMEIR & ~HEEZRT, BRSO B R 1L 100mm Th 5, EBEEDR ORI 2% Fig.3
W L, JwKRENIE 10kA T 60Hz OAJiEIRZ 72, Figd (ZiX, HRHILAR v el fh ok & ~Hk
Y, FeNi &L~/ 32U AGEOWRRIXENZI 1.5mm & 1.0mm Tho, R OlE & RS, £
ALEI 30mm & 150mm Th 5, EHEH O EGEEIE 30mm X30mm Th -7z,

Steel - Nickel

1 V. Mg alloy *(Interlayer)

| increase production time and material costs | e oAl Tui/88
»9%
Development ; on. o g
1 P
. Fe-Ni allo - | L2
Resistance Spot Mg a"0:,,_ i I
Weldmg (RSW) Electrode schematic
Fig.1 Experiment setup for resistance spot welding Fig.2 Electrode shape and dimensions
* Loop cycle n Top view

60 .30 . 60

i A\\I{/ \\Zﬂ Mﬂ\\ rime 30:

Schematic m |nop LyLI(_ st,ttmg i - ! et

Schematic of welding physical setting
Fig.3 Welding current in resistance spot welding Fig.4 Resistance spot welded specimen
shape and size
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2.2 58Fe-42Ni AR LT TR LAIIB DI|/IRANR Y MAHEBERR

Table 1 1%, HEHLAR v MEBELMERBRA OBBRHINZ(L ST 6 7 — 2K LT, IR B AWRERIC X
LIREE DR E kT, Figh id, BB TR O E — AN Oz Rd, @ERME 2 7 L o Case 3 Tix, Al
RO AWRENbE S, MREMLREWEREARD, 6 75— AR CROERIEHESLMETH D, R
F I ERER OB — A TITFRE DR T LZZHER R 60D,

3500

Table 1 Resistance spot welding conditions for strength

=Case1 —Case2
3000 —Cased —Case4

Case Welding Loop Cycle Total welding Maximum i cash | L
time (s.) (s.) time (s.) 2500 ase aseb
1 o ) . 2000 A
, 2 1 1 1 2093466 2 /
smgle 2 1 2 2079.46 g 1500 A
cycle < : g 4/;//
4 3 1 3 2686.416 @ 1000 Z
Multi 5 .2 5 1G 1?1198 500
cycles g 2 10 20 2221.163

0 -
0 0.5 1
Displacement [mm.]

Fig.5 Force-stroke curves measured
in strength tests

Squeeze time Hold time Electrode force Frequency
[ms.) (ms.]) (N.) (Hz)
alue =0 0.17 3920 =]

2. 3EMAR Y MBEERTO SEM BRRHER

FIE D AW e b = OBR - (Case 3) DR HE 4 SEM THIZE Lo R4 Fig.6 1o~ d, #ER
BT D Fe, Ni. Mg B LAl DESMIL. BB L TWD, X0 MRS THEA A I =X LD
HRRLETH D,

Parameters

SEM

FeggNiy,

Fe

Fig.6 Chemical compositions analyzed based on SEM observation

P-4



>< A
ﬁﬁ‘%‘ﬁ%?&%% — ﬂeseor@nhxresult report - =

Research result
EF L BREE - RV — AR B

RATEEE - BORINICK HERGHEM M EM ESRITHEL L
BRI EFERE S AT LR ORI

RERRFAEASBAIERT O AL BRI
FALRZ G BRI ZE AT AR

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. HiIREM

WHARFEE L AT LO—DOTHDOHEMBIFRE Y AT LOERRADOT-HOIIE, B X—E Tz 0T
MEFERZEMEE BT D, KHEHE T = 7 4 MROANT U0 L5487 & OIRBSHEMELOBRZ & & b iz,
FePED B 72 2 ESREAEL & O B VEEE - BEE BN O N MEARFI R TH D L, BIfE, 77 A TR DED
LN TWAE@MEERIF ITER T, FEERO—o2L LT, A X AX -0V HL E NY F U LHEEE
HHT7 Ty FORBREY = —/L TBM (Test Blanket Module) 23R E SN 5FHECTH Y . HADBIR TE
O TBM i, KIS b7 = 7 A Nl F82H &M B & T KMHT 7y N THDH 2, T D7, F82H &
TBM ~DHEKEEMEICH DA — AT F A bRAT L A8 (SUS316L) & D FEAM 25 BT O ML A3 B
RAIRTHY, ZNETT 7 A 3— « =P —Z HO TSRS VEORESLIZ AT TSt 2 6D T & 72 13,

AT, IEREEAIE CRIBE & R DR O~ VT A MEEIHIT 5 Z &2 BRI, FREmEaE
T D EERPEA VS (FSW : Friction Stir Welding) @i FTREME A B3R 3%, INX T, KnH~O I AT
M T, AT OKE BRI RN & D 5,

2. HRKE
2. 1 BHEBHFHTMEARER

Ty A N—« L—W—% 2 F82H & SUS316L & DIRBEES Tk, WEER D~ /T A Mz Hl<
HFELT, NiHB4D Inconel 625 #HfffE L LTHALIZ Y 2T, L—F—OREKALE % SUS316L 2
BT ENANTHLZ ENHLN RS, £2C, £&100mm, §§ 50 mm, /£ & 4mm O F82H &
SUS316L & DZEAFHEIZ, JEEX 0.1 mm @ Inconel 625 Z1X XA, H714 kW, ARy FME0.2mm D7 7 A N
— e LY —Z W TEESEREE T 12, 7o L —H —RENLE O SUS316L il ~DBE &, 0,0.1,0.2 mm
OZFEEICB L S, V=Y —BEHEET 3 m/min & L7z, ERL7ZBHET SR X 40 mm, 6§ 10 mm,
JEX 2.0 mm OFREBEF AU L, Fig. LIRIREOFRILIZT T 774 by — & & HITHEA, Fig. 2 12K
TH—F 7 L—7PNTRE L., #likE VT, {85 250 °C. £/ 9 MPa, AfFRE# & 100 ppb. {2iEM#R] 500
F] D215 414 C CBB (Creviced Bent Beam Stress Corrosion Cracking) % 4 2 32 L7-, Fig. 3 (2 CBB it
B A L — Y —BEMSE TR LR A R"T, 7 FEOmm ORBRE LTy ~7 F&0.1,02mm O
HETFIT SUS316L & F82H & DEHDEEN KX N DD, W ORERH b G IIFEO b D BNRE D

Water ,
| = x

Autoclave

Graphite wool -

S \ ON N, ——
0, ™M

|
N\ Specimen “ M1

h0|der Chemical

Control ] Wat @ t
e | |1 '
(&)
. } 0
Specimen | Heat

— High Exchanger Pre-

- N . . '—IPressure - Heater
Fig. 1 Schematic illustration of fixture o~ L P DO : Dissolved Oxygen Meter

for CBB test. CON. : Electrical Conductivity Meter

Fig. 2 Schematic illustration of corrosion facility.
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H 0.2 mm ‘

— : -_— —— —
; '\!\I! s

’

-~

Fig. 3 Laser microscope observations of F82H/SUS316L . .
joints after CBB test. Fig. 4 EDS mappings of F82H/ SUS316L

joints after CBB test.

200 um

SUS316L

(@) Front side (b) Back side
Fig. 5 Overviews of F82H/SUS316L dissimilar joint joined by friction stir welding.
(Indentation Depth : 1.5 mm, Traveling Speed : 150 mm/min, Rotational Speed : 400 rpm).

DY Ty 7 ERIIBE SN0 o T, #A R % I E % (BEI) 3 X TEDS TH#MT L7k R % Fig. 4
(R, b — W — B EEEI 52 Tl SUS316L & F82H O FLi 1XHAIE T 2 23 S A 1% TIE S 7> SUS316L
133 X% 500 pm FREDHE T SUS316L & =2 b T A MR R DBIRER L 72> 7=, EDS THMird oL, 2D
FEIIE NI A BN KE < R TH 5 Inconel 625 2ERL L TR SN I-IBEERBI TH DL L EZHND,

2. 2 HEMBEAEHBRER

WEAEHE | SIN R Y — /L& FHW T FSW IZ LV F82H & SUS316L & O Bpf 28 A Gk T2 EI L7 B8, #25
KDY — VAR R, Y — VBB, Y — VEREHE 2 EE L, 1.5ton, 150 mm/min, 350 rpm & LT
BEARBRAITV, BMBEGMTAERT L 2 LT Licn, AR THY — Vo 7 v —7 3 88 L
TLEIRERE RoTo, V= ADMERET HHHIT, #E T IC L7223 o T, A O EA- L,
V=NV DOBENFLL T LES LD EEZOND, T I T HEAREORE LR 2 —EIk>FEL LT,
ZHETOMERIENG, V=L O LIALRS I X D/kFERAZ1T 72, F82H & SUS316L DRELE .
BRENNCY = VOBALEIZZNETERUE L, Y — UM LABRIES Y — AR, Y — L [alfis
Z. ZhZi, 1.5 mm, 150 mm/min, 400 rpm & U CEEERBREZAT o 7GR, ABVEITIHl S iz, B4
BOBHEDLEIENAH T2 TLEIMRE o7, FIRIE, M UARBEIHEICB W TERE LIRS
ENCDIRipoTotzd B Z OND, WEE, Rl UIARES ZFE L, BARKO ABENMEART
BJ—72 56T, Y — DR L RWEEG HIEE LT 2 TETH D,

3. ZEXM

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

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

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

(4) M. Akashi and T. Kawamoto, The Effect of Molybdenum Addition on SCC Susceptibility of Stainless
Steels in Oxygenated High Temperature Water, Boshoku Gijutsu, 27, 165-171 (1978).
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Fabricating high performance invar-alloy joints via friction stir welding
by oTakayuki YAMASHITA, Riki TORAMOTO, Kohsaku USHIODA, Hidetoshi FUJII,
Motomichi KOYAMA, Wu GONG, Takuro KAWASAKI, and Stefanus HARJO

1. BIREN

A UN—BB(REH)T FCCHEDA—AT A MNP LRD GG TH D, Z DORROFHRITHRIZER
RN A — 2T FA FRAT VL AHO 1/10~1/100 TH Y | KIEEPECIEMEICEN D M TH D, L, &
BEEBRENBAE LTV LD, TOMARRERPITIR SN T e, ITFETIEZOREERE2SET LT
o—F A EA, LNG B 72 SIS TE 2 L 910 o7, BHETRER SO EBICHIT T, A L3 —4
B0 XD REHRE R R OFBE IS ST KT D E PREND, A =G E IDITHEAL TN 2D
ZiE, Flix OA L N—BEBIIKT DR OUEFIEOREITN A T, #AHORMEE 45 U EICE iRk S
FLHEFN R BEREOEBRNRLETH D EEZLND,

R R & (Friction stir welding: FSW) 1%, BEERIZ X 25 AL L 48R K 2 BMEFRENC X - CTH B [E AR B
TEAETHEMTH D, BEAEICIER SN D MABARL. BIRFRE SIS L 0 FEE IS 225 E R AR Y |
EN TR E 2 S BT 5, FSW 2 A U N—B8ITH A L, BRI 2 A+ 238 RS b
X, FSW A o N—54 0 H AT REEIPH OILROMIER#EIC b ET 5 L PSS, LnL, 4 o —548
(2K 2 FSW I E BN IEF I 72 < | A OMEARR-CR AR E O FENII R TH 5.

AWFIETIE, A o NN—HFEDO—FTh D A —/3—A L /\—454(Fe-32Ni-5Co (in mass%))(Zxf L T FSW %17
W, BEA ISR S AU T SRR A B TR 1% 7 HCELIEIHIT (Electron backscattered diffraction: EBSD)(Z & ¥ #FAf
T5EE BT, ZOWMBRROEIEEE) & RE %5 - . S
RAR T Z 0L H T EIRBRICEI VAT 5252 H
e L,

2. BARMRE

2. 1 FSWHIZOWAEBDOEL

Fig. 1 |2 EBSD £ X 0 157 R 36 L OV FSW #4 D it 7 (i = 1 o . \

~ v P ERT, FSW AIZRER] & L ClalEsH#E 300 rpm, g S0 M T ARILE
BEAEE 400 mm/min T FSW L 7-#UEHEL . FSW300-400)  Fig. 1 EBSD inverse pole figure maps of (a)
MHEFERTHD, THTFEIITOY—2 a7 7 A A fE  base metal and (b) stir zone of FSW300-400.
Wros bR LY FSW #Midndiub A —27 4 HHMH

ThoTo, B OFEEESREIT 17.1 um FLHE T dH - 72 (Fig. 1a), w20 § . .

600 rpm-150 mm/min D5 TH B AL 7= fk TR (FSW600-150) FSW300-401

F L O 300 rpm-150 mm/min D £ E TH: D d 72k T B R
(FSW300-150) D s fpi AR IZ 2 240 17.4 pm & 6.8 um ThH
72, FSW300-400 O F-EJfEARIERIE 2.3 um Th 0 i b iGH{L L
TV 7=(Fig. 1b), BM TIZZ DO MEEN A ST, FSW 4 Tl
FEAERZIT BN T, Fig. 2 I[ZRH & FSW MIZEBIT 5
FHEFEFOE—2 7 a7 7 A VR D BIG L 2 7 e O 7 R
Il NEVBED H %2 & 72 KRB O REE Y v F (= A EY — L

Bl E) R LT ey b LEERRERT, 28, B IEEER e I " :
yFatrl LTI Ho7z, MR Y FIIREWIE EIRAB Rotatenal pieh (mmer)
FMFETFSW L2 L2 BERLTWD, X7 v O IIHENH)E  Fig. 2 The microstrains of base metal
D OBIEOT HIGITERNT 5 A2 F L, B EICHRFE S5 and FSWed specimens plotted against
THD, FSW BAHTIHEM LY &I 7 n0FAankxn2 L rotational pitch.

CUEE ST
FSW AN M)

Microstraim (-)
-

> FSWOU0-1%

1.5
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M5, FSW % Tt L 0 BIGALEEN & < IRABR L HE L
FORITLNERBENT-, T DX 9 7L OE M TR
FRPEIC R E B a RIET L PREN S,

2. 2 BEfRNESIEREYE

Fig. 3 [ZAMIG )] — A OT At 2773, FRHF1% 400 MPa f2
JEDBIRERE & 40%% 2 52 NE A LTz, FSW600-150
TR & RRRE OB EE 2R L2y, 2R L0 HIETF
L 72, FSW300-150 [Ef#iRas KOG IRIEEITRA L 0 HHIR LT
V72, FSW300-400 (3R <Cfthod FSW B & bhiis L T3 LV RRIR R
FE & BRI OB R AR L, 53R 1L 600 MPa F2E 4R L7,
RABR R CIL R REZ R L, BRI ESEHN G LN,
Fig. 4 [CTRHH1 36 LUV FSW 4 D FEIKIER 71(0.2%ifif 1)) 2 45 50k D 1
LRI LT ey FL7=Z T 7 (Hall-Petch 7" v v b)) &R
T, Iuy MIEMTET S 2 LN TE, Kifk & BIRIBE ORI
FIER H 0 | FESRI OB LS FSW AR o 38 o H K12t
THEEDZERNTHD ERB I, MA T, Fig.2 XY FSW #f
DI BRI L0 LEIERBRATO R 7 0 O FHBREN E NG,
FSW #4 D AR IS 71 DB RIZITHARA L 72 1F T7e < ERALEE BE O AN
bEL LI ERBINS,

2. 3 BIEEEHDETOBEPEFER
Fig. SIZEAFH K OSFSWAS D kI SkiRE O # 1~ OF 2 & FIINE
MR LTTry F LY T 7 %7, M (Fig. 5a) TiE,
S CIXEVINGR 7] OB KIZPEWEARENZEEIN L T\ 23, BRI
M TE O BAAA R (a3T0) L 0 HARVNE T T0023 % D EHRH B
TFHENHMEEY HREHERL T, ZIUIERR A PEZE
ﬁ/wf‘aﬁﬁnﬁu Z20073 PRSI L T 2 &
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ZEWT 5, BERRRBEMEETE ORME TIX, T 5FE

T+ ] 1 (] .
FEW3IM-400
c00 1 . FSW300-150
F i FSWa00-150
F S0 , .1I\- b }
w | e I T TR
L g /)’” y %,
w " \ i}
—= N | | Base P
& | III Metal .
g i \ -
=
1K}
| | |
I - +
(LRI ikl 1 g 04

0.2 oy
MNominal strain (=)
Fig. 3 Nominal stress-strain curves of
base metal and FSWed specimens.

FsW =15

+ 4 SAL GO TS0

Tvid (pm )

Fig. 4 Hall-Petch relationship of the base
metal and FSWed specimens.

HRAY

IR T OV AR LT Uz, FSWA(Fig. 5bs K UFFig. Sl 35U T b 61 & [FIAE IS ofieem L 0 & KU ViE /T

200D VBT O BRGNS HER S N, BRI OB Tlid, 22013 tho 5L & bel U CHING A1

KT DT OFT HOBRDB/N SV, ZAUTEBEZETE OB GG E O IS RN RIN T 5 &R S 4u, FSW300-
4000 J5728FSW600-150 L 0 &, ZDFRREN KE W E PRI ND, BEERPICHEBE XA R EL TWH D54,
A —HmTHh 5111£222, & L <1F200L 40012 BVWTHRFOTHROAT Y v MRAEL D Z EN AL T b

Df~éé&E@ﬁ%énfwéthw“$ﬁ TIEHZEDOL IR ATV » MIERINR DTl LD,
WA OB RO EIIIZIEEL W RNEEZLND,
3 %%Iﬁ
u Te il 'ii"ﬁ Base Metal |0 IR Crswenocso | O e e SWI00-400
A0 T2 A0 X222 + A 200 X122 .
220 4 400 LECIE &0 / | (m220 4 400 /
: ; / 5 , i ;/ ; ) i E .
o t". ‘ + W) c’. ' : e | o ¢

& < ¢ I i P
(M) ssOMIMa) Applhied tnue stress (MPa)

Fig. 5 Changes in the lattice strains of (a) base metal, (b) FSW600-150, and (c) FSW300-400 plotted against
applied true stress.

Apphed true stress Apphed true stre

(1) M. Naeem, H. He, H. Huang, S. Harjo, T. Kawasaki, B. Wang, S. Lan, Z. Wu, F. Wang, Y. Wu, Z. Lu, Z. Zhang, C-
T. Liu, and X-L. Wang, Cooperative deformation in high-entropy alloys at ultralow temperatures. Sci. Adv., 6(2020),
eaax4002
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Development of low-dimensional and multi-elemental nanomaterials and exploration of
interfacial functions

(F 7 MEloEXTT - %
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OZF Ik, Bt
RH %

by OFei Li, Hiroya Abe and Minoru Osada,

1. Research Object

High-entropy design concept, i.e., creating materials by increasing configurational entropy as a driving
force, has been introduced to the two-dimensional hydroxides to explore novel materials with improved

properties [1].

Several bottom-up methods such as hydrothermal,

solvothermal and electrochemical

processes have been reported to synthesize high-entropy hydroxides [2~4]. Solubility product constant (Ksp)
is one of the key factors when synthesizing materials from reactions in solutions [2]. The homogeneous
precipitation of the targeted elements is important for the formation of high-entropy materials. How to obtain
uniform precipitates with multiple metal species differing greatly in Ksp is a vital technical issue in
synthesizing high-entropy hydroxides. Solvents are supposed to play vital roles in synthesizing high-entropy

hydroxides via solution-based bottom-up processing.
We report a comparative study on the bottom-up
synthesis of multi-element hydroxides composed of
Mg, Al, Fe and Zn cations to understand the role of
solvents [5]. As two common solvents, water and
ethylene glycol, a typical polyol, are used. The
polyol-derived MgAIFeZn-OH are nanosheets with
homogeneous elemental distribution, while the
hydrothermal-derived MgAIFeZn-OH are mixtures of
plate-like hydroxide layers and rod-like spinel
oxides. The coordinating property and the high
viscosity of the ethylene glycol provide possibility to
mediate the hydrolysis rates and to control the
particle growth. The high specific surface area of
the  polyol-derived  multi-element  hydroxide
nanosheets guarantees them as excellent
adsorbents for adsorbing anionic dyes in aqueous
solution.

2. Experimental Results

Figure 1 shows the normalized XRD patterns of
the polyol- and hydrothermal-derived MgAIFeZn
hydroxides and MgAl LDH powders. The MgAlFeZn-
polyol can be indexed as a rhombohedral lattice
structure. The three main diffraction peaks of
MgAIFeZn-Polyol can be assigned to (003), (012),
and (110) plane, respectively. The major diffraction
peaks of the MgAIFeZn-HT match well with that of
MgAI-HT, however, the peak position of each
reflection shifts slightly to higher angle. Diffraction

P9

§ * impurities
' s - MgAIFeZn-HT
I : | ‘? E 2 g g? " As Syn
; — —T.\——z — i LS S S
& | g .. L MgALHT
3 = As Syn
3‘ ..,—J\ M $
- 2 ¢ =
2 s = MgAIlFeZn-
Q = -4 Polyol
- -4 As Syn
£ | 3
& a e MgAl-Polyol
§ A 4 -
2 As Syn
T T T T L4
10 20 40 50 60 70 80

2 theta (degree)
Figure 1 XRD patterns of the polyol- and hydrothermal-
derived MgAlFeZn hydroxides and MgAIl hydroxides.

a8

IDO nm

Figure 2 (a~c) TEM images and (d) EDS mapping
of the MgAIFeZn-Polyol hydroxides.
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peaks of impurities at around 30° and 35.5° are detected. These impurities might be spinel oxides.

Figure 2 and 3 show the TEM images and elemental maps of the polyol- and hydrothermal-derived
MgAIFeZn hydroxides. The MgAlFeZn-
Polyol is composed of nanosheets of lateral
size around 20 nm. All the four elements are
homogeneously distributed in the
nanosheets, as shown in Figure 2d. The
composition of the MgAIFeZn-Polyol is
determined to be Mg 24.2+0.3 at%, Al
25.0£0.6 at%, Fe 19.1+0.6 at%, and Zn
31.720.3 at%. The MgAIFeZn-HT powder
has a similar composition to that of the
MgAlFeZn-Polyol, i.e., Mg 27.6£0.4 at%, Al
26.5+0.4 at%, Fe 18.120.6 at%, and Zn
27.9+0.6 at%. However, three kinds of  ww v re n
morphologies exist in the MgAlFeZn-HT. Figure 3 (a~c) TEM images, (d) and (e) EDS mapping of
Nanoflakes of lateral size up to 100 nm, the MgAIFeZn-HT hydroxides.

elongated nanorods of length up to 200 nm

and particulate aggregates can be clearly observed in Fig. 3a~c. By combining the XRD result of MgAIFeZn-
HT, which has two weak peaks of impurities,
the nanorods in MgAIFeZn-HT can probably be

considered as Fe and Zn co-doped g . .f._ 7 //?
magnesium aluminate spinel oxides. The > 90 [/ /
specific surface area of the MgAlFeZn-Polyol g .
and MgAIFeZn-HT is 352.4 and 167.7 m?-g”, -g 80 I‘ / —m— MgAIFeZn-HT 0.1 mM CR
respectively. % 20 j —o— MgAIFeZn-Polyol 0.1 mM CR

The surface of the polyol- and = ] / ~(— MgAIFeZn-HT 0.2 mM CR
hydrothermal-derived MgAIFeZn hydroxides is 3 60 T -MgAlFeZn-Polyol 0.2 mM CR
positively charged. The zeta potential value is £ 'S
11.1 and 15.6 mV for MgAlFeZn-Polyol and & 01 o
MgAIFeZn-HT in neutral agueous suspension, 40—, ' ’ i i i ‘
respectively. They were used as adsorbents for 0 50 100 150 200 250 300
Congo red (CR) removal in aqueous solution. Time (min)
Fig. 4 shows the CR removal efficiency for  Figure 4 Time dependency of removal efficiency for polyol-
MgAIFeZn hydroxides in 0.1 mM and 0.2 mM and hydrothermal-derived MgAIFeZn hydroxides
CR aqueous solutions. Regardless of the CR in 0.1 and 0.2 mM CR aqueous solutions, respectively.

concentrations, both in 0.1 mM and 0.2 mM,

the MgAlFeZn-Polyol reaches high removal efficiency in less time than MgAIFeZn-HT. In 0.1 mM CR solution,
the removal efficiency of MgAlIFeZn-Polyol is 86.3 % in 30 seconds and increases to 99.7 % in 3 minutes.
The MgAIFeZn hydroxides nanosheets show faster adsorption kinetics and higher maximum adsorption
capability (819.7 mg-g™") toward CR than the hydrothermal-derived MgAIFeZn hydroxides (223.7 mg-g™).

3. References

(1) S. K. Nemani, M. Torkamanzadeh, B. C. Wyatt, V. Presser and B. Anasori, Commun. Mater., 2023, 4, 16.

(2) F.Li, S.-K. Sun, Y. Chen, T. Naka, T. Hashishin, J. Maruyama and H. Abe, Nanoscale Advances, 2022,
4, 2468-2478.

(3) F.Li, N. Kannari, J. Maruyama, K. Sato and H. Abe, J. Hazard. Mater., 2023, 447, 130803.

(4) A.J. Knorpp, A. Zawisza, S. Huangfu, A. Borzi, A. H. Clark, D. Kata, T. Graule and M. Stuer, RSC Adv.,
2022, 12, 26362-26371.

(5) F.Li, K. Yoshida, N. Van Chuc, M. Osada and H. Abe, RSC Adv., 2024, 14, 75-82.
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Development of liquid metal corrosion resistant alloys for thermal storage systems
using metallic phase change materials
by OKenta YAMANAKA and Akihiko CHIBA

1. ARBEH

2050 FETOH—AR Yy =a2— M T /VOERITHIT T, KELEESLE I EEDOH LB /L X —0DHE
EMENREE S TND, LLAND, AT XL —IREREN KECHMIZ L > TR EHT 57
D, BHVYY = AMEEE GHIET) - T )) O ERE L TR EEIEH LIZBIERANT o 2AOF%E
WEMBERAIR T D, IE, KIFEEOMIMBREEO ELBREHEFICE T X —T 7 /ny—D—>2L L
TEAT R LX—AFE (BB VAT ACEANEE > TS, ZhE THX OEBREI RSB STV 578,
TARMEEENFE O IEE R U7 4 B2 LAk (Phase Change Material, PCM) [ XA R -SCBAZAZE BbF DK<
gy 7 ) — kLR L CTEERABE TORMER 1/3~130 |G TE, 2037 Mol BT al s
ThdI N, &8 PCM & HW-EB S A7 ADORFE, #HEFEICKRERMHENFELNLTVWD[1], &R
PCM & LT AISi RILBAERMFT SN TN DN, 7T > b E#ERT 28 BEMICIXER Al-Si 54125t L
TENMEENRRD BN D,

Fox IXATARZEIC CTT VI XA A FEEED K Y b F ¥ v oS —~DIGHIC T, AR ALK T 2 & @A
DINEHEICOWTIFEZIT > TE 722, 3]s Z DFER. EREEMAME L L CATRBEFSFICHER I T2
Co—29Cr—6Mo (mass%) &4 D FR M I M L ALERIC X 0 CrOs R Z BT % & & T, il ALVAS IS L <
nraElEzE+2 22 A L2, £, Si fINC X Y EiREILIC X VIR 3 Cnos BIERZEL L,
ARSI X BIERPIGE SN2 2 & ZHL 2T LTz,

AMFZETIE, &8 PCM & L COIHBHIFF SN TV D Ai-Si ARG kT % Co—Cr—Mo A4 D&
. FEIZR T DEERIS &EZIUCKIET ALES TR ~O St IO 2N E B L TiMA L72[4],

2. BARARE
2. 1 EBRAZE

FATIFE A &£ 2. VAR ALICKET DitatEmn IR & 5 Si 2B (ASTMF1537) 128175
EIRE (1 mass%) %2 CTHRINL 72 Co—28Cr—6Mo—1.5Si (mass%) A4 & ik et L. 8 a5 Sy figih 2 v C
30 kg SEHLAIRTL U7z, PR LEMLERT: . WrikiZk 3538 L% 50 x 50 mm? & 725 1 5 ITHIEEE % 1230 °C
& U CEMHISRE - BARIEAE 21T o 7o, 153 S AU BARIIN TAF 2% LT 1150 °C 12T 30 min O EZEELER 24T\,
BILE T Ar T A &2 AW THEILT-.

Z OB 2 MM & L TRBA AUV L MAIB I OF A DA MELE LTHER STV A EHAAEE
ADC12 (Al-10Si—2Cu (mass%)) % 72 iR{EallR 2 340E U7z, PREFREE IS AI-Si RICBIT 2 ILBIRE LD
EUNT700 °C & L, REFRFREIIZ 10 h & L7z, BBRA 2 EE: AR L, RE% OB oWl 217
W, AR XU Al & Co—28Cr—6Mo—1.581 A4 D RIE R IGIZOWTHELE LT,

2. 2 EEB#HR

Co—Cr—Mo &4&I% Al S E BUS L, EREIT L2, 700 °C 12T 10 h frFF L 725k OBUERD 72 6 5K
DI ARITH AL ADCI2 WHICKT L TENZN 129+ 19 um B L2511+ 16 um TH Y . ADCI2 D7
BEWERMEZHE L TNDZ ERHLMNCR -T2, ST IS & 0 IFHFHRE MK T35 729, 700 °C fAFRFIC
B DBEFECEN LD EDREBINT,

Fig. 112, #fi Al 35 XUV ADCI12 #5512 10 h /%7 L7253k A I 123617 5 FE-EPMA AT R &7, ARf%
RTOBERTIL, AW TEM L-RERRICE WD TR OXNRIZHEE TIIRWZ LR E Nz, WTh
DGFEITBNT S Al ST Co—Cr—Mo Sl & EHEEAL L Tl Y | RO IT#E TH 5 Co. Cr, Mo I
WS ALEGTICEE Lic, 2 b D@ RITEROBEN D 5 i b BI 1PN L E R DL ALOs TH Y |
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Fig. 1 700 °C {ZT 10 h f&FF L 7= Co—Cr-Mo A4l i O WrimBlasfi & « (a) i Al (b) ADCI2

MEEOUEDHHTH L Z ENTHEINTZN, ALO: DFEMILIREN T, FRE OREITIZEE Al BFE
LTCWe, —FH., 8&PBLOADCI2 IBHIZEENTWD Si OflE Al LRERICARE)—ThoTz, &5
(2. L AL T DA ECA H TH 5 CnO:[3)IE A HiERIC B W CHRIZIZBIER S e o 1=,

VL EOFERIZ, Bt & AL ORI B W TR RO LT Y T Z2 A3 5B OIE I IRER T
bHZ LR L TR, EiRBCAHEIC LD RIOEE I L O B DAL IR OWE; I 31T D 2 EMED
HETODLZ ENbhrolz,

AR ORR O —ER1L, ESLAFFEBRIE AR = VX — - EEEHITRE MM (NEDO) OFKitH¥
(JPNP16002 : [J1—R U A 7 b « WK TS BBEEHAITBAFE U AR K ) 3 A BT B 5% Rk )
DOAFTEB ISEATERSE ARSI E Y AT AOERMEN BN ) e TE LT,

3. ZEXM

(1) [UAKRIRES, WAFZ, sk, KRS, W45, KEH ., FAEMRET L —RROENRES)
VOV 2 RS AT b, ZZEE LG, 57, 14-22 (2020).

(2) N. Tang, Y.P. Li, S. Kurosu, H. Matsumoto, Y. Koizumi, A. Chiba, Interfacial reactions between
molten Al and a Co-Cr-Mo alloy with and without oxidation treatment, Corros. Sci., 53, 4324-
4326 (2011)

(3) P. Tunthawiroon, Y. Li, A. Chiba, Influences of alloyed Si on the corrosion resistance of Co-
Cr-Mo alloy to molten Al by iso—thermal oxidation in air, Corros. Sci., 100, 428434 (2015).

(4) K. Yamanaka, M. Mori, K. Yoshida, P. Tunthawiroon, A. Chiba, P. Tunthawiroon, Y. Li, A. Chiba,
Corrosion behavior of a Co—Cr—Mo—Si alloy in pure Al and A1-Si melt High Temp. Mater. Process.,
42, 20220278 (2023).
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EAEERR S ERI R DO DI - RERMAE (Cu-Ni-Al EE D)

ALK BT OTR B
(* B+ BARKEBB T R L% — 27 40)
RBERFBEAREIIGRT BRI

DBREE - =L AR B

=

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

1. IREW

Aw— T L7 E/NUBE AR TIEIAROERLOZERICFG LT, MliihEo b2k bh
5. BlziE, A~— b7 CHBABAENDIHRITNRLY — R 7 L— A7 EOEERM T3/ LT HiRE
PREAZFRETED L) RESREREM N MNE L 025, BURCILEREHEE & L TR Cu-Be G4X°
CuU-TiGENINHEINAN, FIETIEZN G X0 & @E CTh 5 Rehif{bA Cu-Ni-Al 5823 FEH ST 5.
i 21X, Cu-20 at.% Ni-6.7 at.% Al A4 TIXIEER L% 12 600 °CHIiR DRI K > TEHRARFIC L1 #1E (fec @
HAMGE) %252y -NisAl 28 10~30 nm OH A X CHHIZEAITHT 2. ZAICKVEEOE v I —AE S
1% 300 Hv #4839 Y2, W, RE4A CIERFIM &2 sim BEEd 5 b (Al TInTEkik) Bn4EL 5500,
SRV R AR IR D & b9~ L 6 S A3 100 Hv LA b BRI 285 (g KRR L)) SR 55 9.
o T, B M EEARIRRF 2O TR v+ R & Faw b 340, 51585 X113 1400 MPa % # X % M i i
DR 2 ERTX 5 9. ZORERMEIEAFGEOF THLREL LV THS.

Cu-Ni-Al &I THR L EBELE BT L &, RESICE T 2N THLE X OMKIRREHE(LD 2 B =X
LT D ITEETH D, AT, NI, BREELEIC X > T Cu FAHF O v -NizAl B 1238 A
Wren CTHAENME T LAEZ SICERT 2SR THL EMEL WD, 72, KIERZCIX, WEEEREC
BASNTEMITIFEALREELZ2OH OO v -NisAl OFHFANESE Z 5 2 & BMEIERE Lo — K72 L&
BZLTWD Y RIFETIE, W — T — KRR OER TRIZE $72 9 Cu-Ni-Al A OiREE(L7Z T
Tl <, FPETFEIT 2 A TS RRATIC L » THERALEE 20 v -NisAl O HLRI B 2 & &SR35 Z &2 kb,
INTHEAL R L OMKIRR (L O Bl 2 TR 5 Z L2 B & LT

2. AERRE o -
2. 1 BRERIETOBRENEL B

Fig. 117 Cu-20 Ni-6.7 Al &4 0WEMILEH, ©—2k
wht, BRIFEIEM, KIEFSM O v — RS % Pom s
Y. EMEAM O S 1 116 HY TéH Y, 580°C TD 3

E— 7 NI X 0 300 Hv ICHIN L7z, RT3 B
LIRS ITEICHL, JE TR 48% T 362 . L ‘
HV ICEE L7z, LasL, ZHBARE O ELE Gl » (Ol : Pducsien of eobd coliag (36
SHMETFL, ETFHR88%TILIBHY &7e~>7. T Fig. 1 Vickers hardness for Cu-20Ni-6.7Al alloys after
sk BBURDHH & 475 °C, L min O g B B lows temperare
LRSI 426 HY (8 SHE 5y : 101 Hv) & 727, ’ '
Fig. 2 IZ Cu-20 Ni-6.7 Al 34D & — 7 Biht, ¥ [
MIELEA, ARIRRERIA D J1-OF T i 2 o7 3. i —
E— 7 B2 BRIELE ST D &, JE TR 48% % Tl o b -
WetRis S13 L OBIIRIS I L7227y, BRELE ¢
BIITIIR 2 IR T L, FE TR 88% CIEIRIRE
1L 1180 MPa L 72 o7z TOBOERIETEBIE ~ [/ /[
BREEIIF O L, 1420 MPa lZFELTZ. 2D &) i / / /

i ' s i

150

«+. MPa

12, Cu-20 Ni-6.7 Al &b 134 B FEAEH1 ) C ' Nomiasl e (%)
TRk, #ECIIm Lz~ L, ZD%DIK  Fig. 2 Nominal strass-strain curves for Cu-20Ni-6.7 Al alloys
TN & 0 B AL A T, after peak-aging, cold-rolling from 12 to 88% in reduction rate,

and aging at low-temperature.
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2. 2 FRERIETOMEBEDNEIL
Fig. 3lc v — 27 Keh, mEEEMIH (FF
=R 12%), miHEIER S (88%), (RIEAFLhEL
O TEM B H BB X OE 7 BT KB
(Selected Area Electron Diffraction : SAED)
Mz rd. =2kt (Fig. 3(a)) Tl
SAED X7~ b fee-Cu REAHIZINZ T, L1 4%
& & B Oy -NizAl 2> 5 DOEIFTEE AN A B LTz,
Y’ -NisAl 7> & OB [B197 THEG S A7 i
FEF4 Tl y’-NisAl 23 10~20 nm OFHE 72 ER
WERLTWDZ ERREIND. 12%mHE
SERF (Fig. 3(b)) TI&, MELEIZ LV y-NisAl
B3 {11} E CHAB SN TWeE., T
1%, B — 7 KM SR AWrEAE Ciffb & Fig. 3 Selected area electron diffraction and dark field (DF)-TEM images

TG L s L A7 2, 889% 4k  for Cu-20Ni-6.7Al alloys after peak-aging (a), cold-rolling to 12% (b) and
. _— " - 88% (c), and aging at low-temperature (d). The DF images were taken
JESEM (Fig. 3(c)) @ SAED B CTIE, v*-NisAl  from super-lattice diffraction spot from y’-NisAl, as marked by circle.

D> 5 O JF RIS - [E1 47 BE AL OO M FE VX IR 1259

F DT OEREF G TONHMOBENEL L 25, 2L, 88WATIELEIZ L - T ¢ -NisAl R348 AW &
WCTHAINEME T Lz 2 & 2mmed 5. RIRFEZIES (Fig. 3(d)) CiE, v’-NisAl 7> & OB - [ 47 5E 52 O J
FEWEFHOBRE D, BEREER TIE v -NisAl KL -2AHBRICBIER SN D L)1 o7n. Zhud, RIEFRENIZ LY
Y’ -NisAl DHLRIEE A & < 72 o 7272572 L3 T X 5.y’ -NisAUBL - O IRFE /7 SRITREFIAA R0 12% I TR AERT & K
XL EDLRR.

HPE - [E 4TI K D RS ARAT C U, W I TSR Cu REFEIC X 2 JEAKE - [BIHT O AR 3 K35 2 L AR &
i, £, WML T 213 E p-NizAl 12 X DA FEHT O R EMET Lz, Zanid, @inTices
VBRI FEAINT 5 2 &, BEW, BREEIZHE v -NisAl OBRIESME T35 2 & 2R 7.

PLEDOFRER LY, GREEEVE I EEORINC LA M THENEZ 5L nWx b, —FHT, GREEER
HET IO T v -Niz ALK 7O ARRANE B3 EIT T 5 . v’ -NisAlRL- TR R 2ME W E EWALARE R = R ¥ —
WINEL BB OMEMET 5 9. 20720 v-NisAl KA HANE S Hs b EEIMR T4 5. %
JEIERIICIE, ArHaELEEIR T L 0 & EAALE BN K 200 TR 5 DA RE WD I TS EZE Z 5. L
DL, WIEIERERS HAIC 72 2 &SRO FE AN £ 2N TR b5y X 0 AT HBELREIR T OB KREL 2 D729,
INTHEALAAE T 5. (RIRFZDCIE, FRMIRE X 0 B IRWEE TR OBULEL CH 5 72 DI L ITIT &
AETD Lgun, UL, B OEBEBERBIIE = 2728 v -NisAl B ORI E IZm L L, #rHiRbEEssa]
B\T5. oF0, MBFELIZ X DT E ¢ -NibAl (2 X DA 5RO E1E 2N B & % 72 DIKIR R (L
DEZDERmTED.

3.FLEH

IREZh AT HH R Cu-20 Ni-6.7Al &4 D ¢ i T IEARIR RN 35 1T 2 50 36 X OSREM - M3 D 2L 2 R miic
THA L, IRk ds X OMKIR R L OB 2 Fiat L 7=, Cu-20 Ni-6.7Al &4:Fi5hkf Ti, Cu B
v’ -NisAl L 72T T 5. TR EBRELET S & B FRICHEWVENLE XML, RIS
Y’ -NigAl 77138 AW S CTREFICHRIEME N 5. @B TEERS R Z 5 0, =S
FERSAINT X AN TGS X 0 SATHELREIE FTO N KEL R D=0 Th b, £7-, MERELEEZIC
IR % & y-NiAURI O FHENET 5. 2RI XV y-NiALKRIFOFREE S [ L, Hribaes
1159~ % 7o OIRIR I LR S Z 5.

4. BEXH

1) =R, B3, KREE GHEC L a8, 54 (2015), 192-196.

2) S. Semboshi, R. Hariki, T. Shuto, H. Hyodo, Y. Kaneno, N. Masahashi: Metall. Mater. Trans. A, 52 (2021),
4934-494.

3) wEfRth, MEWJEY, ERZE, ELRIE, MR, ERE, TER : £TY o, 60(2021),119-121.

4) ERJE, EREGRt, SERZE, JORR, RECEN, TRE, EAGER: &L @64, 61 (2022) 34-39.

5) D.J. Crudden, A. Mottura, N. Warnken, B. Raeisina, R.C. Reed: Acta Materialia, 75 (2014), 356-370.
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ET704 0 #RALFe-NgBFNREICRETFen-NiXPHBREESH LU NiREXDEE

HALRZETAZER ORFREER
FALR e EmA R FE AT T, NS 52

Effect of the thickness and Ni composition x of FeiooxNix interlayer on the
strength of Fe-Mg joining achieved by solid metal dealloying.
by OKota KURABAYASHI, Takeshi WADA, Hidemi KATO

1. HEBE”

AR SRR I T B R Z R EL L, BE~OAMEZRET 22 03RO TEBY, ZhE TlbhT
XTSI O — 2 L VBB CEXX Z2MERSH D, EHAGROF CRIEE)DOEEE ZRo~
T3 AEEITSMMOREMEE LTSNS T, KRS0 TERS THETH D Mg & Fe l3BIFIED
B Ak LienWed, dilik & BEREA 2R A THAEGITHBEL TLE S U, RFE TR, &&kicEHb 72
VW Fe-Mg D 7= e 8RB E LC 57 aA v 7 \ZHEH LT, BATHFZEIZEB VT, Fe-Ni &54/Mg 1551
TTTuA I NEE s L, AELBEGOREIZBWT Fe-Mg T/ BEEMBNIERT 5 s =R, X
T FewoxNix FRIEZFIH L. Fe-Mg #2A8RHEICH VT Fe & Mg 2T/ A7 — L CTHMBIICRifG L= 6
MERSEDZ L2k AT D 72 Wi E 72 Fe-Mg #24 O A BHET, A7 Cidh B
EEND Ni LK x 23 Fe-Mg Mk FIREIC R IFTHBIZ OV TRET S,

2. EEBAZE

®15X15 mm Offi Mg 7 v RIS IOl Fe v v R 1st A 2nd ¥ Fe MglESse T
FIZBE®15 mm, JEX 25 mm B L TN0.1 mm D Feyg.
xNix (x=20-70 at. % Ni) [ J& & £ A T Fe/lMg #25 21T
S7, Fig.lIZH:E 7 v XA OIS IX % 7~ 9, Fe, Ni
MHEIEBICMERRE & Mg 1 Ni OFEE I 2327225
EDENRENTZD, 2 B THEAEITo72, Fer v
R el FeooxNix H 8 % miiE T £ TP DLk
A L2, Mg B L FewoxNix AT 2 2258 T,
773K, 30 57,25 MPa DA T CTAR Yy M7 L AEITWY,
Mg-FewoxNix FEEREICEBWTT 7 aAf 7 &=L
L S R 7 D Fig.1 Fewn.Nix 1K) 2 Fi L 172
2R LBIERBRIC L 2 TIREDRIEA @ L T, Feuo- n 2 AP -
N SO S 55 & O Ni 5k x 75 Fe-Mg #ET-38 2 Pl Fe-Mg B2 0 e 2 RN
252 5OV THRE L,

3. Eﬁ"ﬂﬁk_% 1jt & PEEL M Mg i i 58 BF

3. 1 BIEERBRIC & BHTHRE DT LT I = ey
Fig. 2 12 FesooNix {1 B 0 Ni #iL5k x 55 5 O Fe-Mg ik £ ! =

FREORREZRT, ES 25mm ofEEs Wiz o * ["‘T-‘I"'"' R0 8

£, x=30-50 at. % Ni DFF, Mg RN CEERICHMT < o

DX D KD RMERKENESNT-DICK L, x=20, ¢ n--?ﬂ

60, 70 at. % Ni TRk T R EREIT A e % 7=, — 5 C. r o o

JEE 0.1 mm OFfEE A A6, x=70at. % Ni (123 J FI;N:‘FILQIJ?S.‘I‘ RENMR /el KN

WORFREREEEL, Mg RMIWTRIINES e o o g o> Ni i x & Fe-Mg HEF3E O B
3. 2 EEREI/VDOMEBOOHER

Fig.3a (2 FeioxNix FffE(E & 2.5 B3 LW 0.1 mm)-Mg #E5 TR L2 KIS f8 0 SEM %% 7~3, x=40,
70at. % Ni DFF | #4 FEIIISOSE N ERL L TV = Dot L, x=20 at. % Ni OFEHISOS @R B S h-o
7o F7-x=70at. % Ni IR\ T, TRIBEE I 2.5 mm OREIE Fe A2 RSt FesoNig 2357 fFE LT\ =23,
8= Z 2% 0.1 mm TiX, FesoNin 2 Mg & 3 _XTRIG LI 7o O RGBT FRAFE Lo T2,
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Fig.3b |28 FewoxNix (T 7 1A > 77 v v MIZET 5 EE%E SEM %4 r9, T RBEE S 2.5 mm
DY, x=40at. % Ni ORHEIT 7 1A 7 7w MImh o CHEHIIC Fe & Mg 235& A6 > T EIE D TER L
TWDIZk L, x=70 at. % Ni OFH I Ni OIEBENZ W0, BELFEFe Rl ENILKALE I N TX
FTROSEF CTHNL L T e, S OIZEIEREBR AT 5 i b 59, x=70 at. % Ni %> 7V OKIGEIZIE 7
T PEEESN, R RETHD ZENRBE N, 5T, PRBOES 0.1 mm (245 &, x=T70
at. % Ni OFFIZ Fe U A A MIISET, T7aA 7 7ay Mo T Fe & Mg 8L &G>T
7o JES 2.5 mm O FesNi HEE 2 AW 2356 . RS S fffer1Z 70 at. % Ni 25 Mg HIIZHEE L 72729
Fe [ZAIN2 L7223, HEZE 0.l mm £ THLS L2 & T, 77 A 77y MEEO Ni &% Fe filiZmS
TR L TWE, Fe & Mg BNAEWIZ L KB - ARSI LT,

3. 3 HWERESHT

Fig.4 (2 S Bk x=20 35 LUV 70 at. % Ni O IZ 31T 5 X #REHTHE R 2 <9, x=20 at. % Ni DI,
Mg Ml TlE Mg & — 2 D F, FegoNip lllZ1Z FCC @ y-(Fe, Ni)E'— 27 3 L TV BCC ? a-Fe t'— 7 Ml S vz,
ZHETTaA TR E 722 & T, FegoNiao 205 Ni 28 Mg ~E# L T a-Fe ~ & E N Eb Li-Z L &
TR L TUW5, F£7-x=70 at. % Ni D, Mg I35 X O FesoNiz M D[ 7123 T o-Fe & MgaNi B — 27 23581
Ehiz, £oT, BAEMMEBOKAENWFT T TR, T7aA Y 7ORIERY & LT LIy
Mg2Ni &)@ A DOIF(E S R EMWT OJRIK & 72> TWAD Z LRI ST,

FREES 2.5 mm 0.1 mm
A

(b) 20 (AmsE) 30 (MeEHATEENR )

FeaN =

Fig.3 (@)2nd 27 » 712 FewoxNix PEE-Mg #6 SR L 72 SUGE O SEM 14
B L O(0) I FewoxNix 2 351T 5 mifis 3 SEM

Mg-Feg,Ni,, B Mg-Fey,Ni,, &K@
A? : My slce . MgZNI
i o oeet ? .
= Pl L
g s = . ‘ a-Fe
£ a - Mg side o -
| ‘ [
o R - o M
| | [ <R . e | . . g
Fe, . Ni,. side FoyMNi., side O V'(Fe, NI]
J0 40 50 60 0 BO 90 30 40 50 &0 TO 80 90
28 (deg) 20 (deq)

Fig.4 Stk x=20, 70 at. % Ni OREWTIHENZ 31T 5 X ARG 5

3. &M

[1] L.M. Liu, X. Zhao, Study on the weld joint of Mg alloy and steel by laser-GTA hybrid welding, Materials
Characterization.,59, 1279-1284 (2008).

[2] T. Wada, H. Kato, Three-dimensional open-cell microporous iron, chromium and ferritic stainless steel, Scripta
Materialia., 68, 723-726 (2013).
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EERASGHERDEZICH U-IEREFIMM Ti /4t Mg O#mMES

FRAERZFERF B TAIER OKREFREIT. BARFEK
FALKR BRI FE T FAFE, TS 52

Mechanical Joining of Immiscible Pure Ti/Mg by Liquid Metal Dealloying
by OYusuke OHASHI, Kota KURABAYASHI, Takeshi WADA and Hidemi KATO

1. IXEW

Ti B4 L Mg &3 CE R ER R U TAEIEMN, TR OBUSZEN R E < BEIRRDHE D T/HhE 0
72D, MHEOEENREE 2o T D, ATHFFETIL, WA EEFBED BAa 3 — M, ETRE K
SN LTEOTEBMAEZHAICHA L TWD A, etk & B LA W ORIE AR & 72 20, RIFFE T,
& BB ILECSE (Liquid metal dealloying, LMD) s LC, FEEFZR Ti & Mg 2 X 7 1= L-UL THEMECHE
KA THERICES Lz, LMD TiE, ®IRED 2 tHHAE 28 BIRGICRET D &, K- FAAHAEER
DFEMIFE DT R DSBIRICIEH U, W Ek Gy & FRAFRC oy o Sedtfie i il 2 B ik b3 2@, Bipk sy
ERISH Lz Fe &l Mg O B A ITEEICHE SN TR VB il Mg TR 2 RIS LT
W5, ARBFFEIEE OIERMEZ REET A ALE ST IZH 5, LMD #5128 5 72912, ARBFSE Tl TiwoxCux
(x = 33,50, 65) 2 caaa TiEE LTHEM L, EFPREORmZH T L90EEE U, IRICSOR I 2 #l
Mg & LMD %t H L CTHEA LTz, #li Mg R 2R iR S 897, 2 omiEf cHa T 272010, i IG %
FIUH L CHAE O A H Mg OFUSLLT TRlE S (hibsal)., £ odEiglc X - T LMD G #Hif &
5, bt -4 B IAE I % (Eutectic melting induced-liquid metal dealloying, EMI-LMD) % i 7- 1234
ALT,

2. HAREE
2. 1 HEBRMFE—SBAGHEIBRR
TisoCuso 1 [H & & i Mg DOHEE Az (a)
TR S N Mk% Fig. 18 10R T B8 (mgasnos
IBFEIX 530 C, #EWERIX 15 min, $#
AFEOEILS MPa & L7z, BEE R
DOIEKRBIL Fig. b IR T LBV THD,
EEERLAR TR HTIC L 5 & Mg & Cu
B S5, Mg-Cu 2 J55% ik fg
HaEsE 2 5L .483 CLLETART S
Mg-Cu i3 EEE L, o-Mg #lf & o
-Mg / Mg2Cu DM gE#HAE AL L 72 b
DEZEZBID, Tib bl Mg Ol

(650 C) LLFCTMg & Cu D3t TREsm ORER, 0
EURZEERLTVG, RICRER || [ et W'Y S

TiCu & BERAOMICHEET S 2 B0 [ L e, Mac
FOSEIZ#EE Lz, Fig. 1o 13203tk |, W) W v P

& & EDX MAH T 5, Mg 7SHEM L 2ot by = WIS Y 1
Cu BT LTS, SHICTi VA it/ ‘ " al

AY RBRLTWAS, SAbEE a ) R e e
B AR 25 &S LT = & % e LT U Fig. 1a Ti—Cu H[#JE & #fi Mg OGS, b EREFHM, o Bipks

BRZIR > 72 EDX #R0HT, d ARERIZTR - 72 EDX #1457
ZDO EF‘FEﬁEEPO) Mg Zy))‘mgﬁbf:%ﬁ_ﬁ%ﬁ Ekéﬁf%a {Dof EDX‘f%ﬁ*ﬁ d j‘f‘f%a {DO?L EDXf?ﬂ*ﬁ

EEy 7 ey e L PEERR B DNy 7 &35, Ti-Cu 540 Mg (& X BB 13 2 BEpE THEfT L,
Bisy 7 vy MO Y B A 2 ME TipCu By S 7T a-Ti VAT AL /b Z ERMEI T DM,
R IHTOA A2 2V TR A BT D & AR D RO IR S T EEbis, Bl EX Y |
PO RIS S U= /AR Fig. 1d @ EDX SO TR B0 L5,
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2. 2 BEAFH4ERBELLE-AHOMEBEHRR
FROMEED 5> B, @FEEF () (el
M. (b)Ti.Cu / Mg-Cu #H, | : i

(c)Mg-Cu e[ i, Matk7z 4
B LAY A%< ETiod,
MR DIEVEWT R =R 2K =&
9%, £ CTHMBEEERD o
-Ti / Mg-Cu fB DO A5 & 72
D E TR B AT L D M S
Mg-Cu BERE IR CH DR () T
WACIE L, #AE Lo [
M35z b ek, BEAR |,
. L . FEEOE |

Ti oTi / HE { Mg
() | (@

H YN L, #5E 50

ol Uiz, BA5M4H | + , RNy
fitk® EMILLMD 2FIfI L7z |5 % & @ e Twm am rayy ;
A H % Fig. 2a (2739, Fig. - v i

” ; ’ Fig. 2a 16 ZHERHALA O Ti-Cu SRS & $ Mg HEA i,

2b @ EDX #3#r TR L 91T, Ti
M&Mg%ﬁgﬁm a -Ti/ Mg-Cu ¢ b TRBRZIG S TR, © By 7 m v k, d Bk Ny 7

B OEAFBR DO RTERL L TV D, kD 7 v v FOYEREIE Fig. 2c (R d B TH D, FRIEIZET
sy S, R LTy, £oa-Ti VAL bE TifMITER L, £2BHEALTWD, Bk Sy 7
DYERBIZ Fig. 2d IR T B0 Th D, %A 20 MPa £ TE®d -2 & T, Mg-Cu e[ & 2N AT H> S S
WCHEH S 4L, B L TWARVETFR R TE 5,

100

5 o FEAA I (el 8L % f
2. 3 WMFAHEDFHE a0 4 e 83 88 WTTM.( h Ul_f ot ).1

HE O CulRE 22 b s “
W FED SRR & % Fig. 3
VR LT, AR EES SR
b Sh-ilkEl 2R L, x

70 8 & =it

{ ® AfHBELE

=P )~ > 0 L R & i —_—
=33 ~ 65 DR TOREHIE X ﬁ;"fﬁfﬁi s “ Mo MEAR AR L 7o
W, 83 ~90 MPa 75| #E# ‘“‘F.&.f.ﬁ__. b ol ) Wm —
SERUBMHNT L, o o ¢ | =3 Dt

Tensile strength (MPa)

(T8E R & B9 5 Al 20
DB E LI D 7= O Iz 10
TW5b, x=40 TIIFEE L7 0 - - - - . ; .
Mg-Cu 5 [ i 7 Rk i | 2 77 oo
Tj_f L. x= 50. 65 ’Cﬂjﬁf% L Composition of interlayer, x /at%% -
7= Ti /v RS b & S i o0 e 23 Fig. 3 FfHE D Cu REZZ L S 1-REDO IR S & BBl

FEWFE ICFE LTV A, WP s Kb BrosMEL, 3 X OURmEA T U 7= 508 O Al o7 i

T L, BEATREME T LTV DR

DHERTE 5, TRbBattE 2RIy % i LIEHAICZE L S5 2 & KOWERR T £ - TRIRIIZ
B L7z Mg-Cu ik 2 828 Rl G HEH T 2 IR T RE 2R LS5 7-DICHEITH D Z LR E T,

4ok 51 T o

ot R

3. ZEXH

(1) C. Tan et al., Influence of Ni coating on interfacial reactions and mechanical properties
in laser welding-brazing of Mg/Ti butt joint, J. Alloys. Compd., 764, 186-201 (2018).

(2) T. Wada et al., Dealloying by metallic melt, Mater. Lett., 65, 1076-1078 (2011).

(3) K. Kurabayashi et al., Dissimilar Joining of Immiscible Fe-Mg using Solid Metal Dealloying, Scr.
Mater., 230, 115404 (2023).

(4) M. Tsuda et al., Kinetics of formation and coarsening of nanoporous «-titanium dealloyed with
Mg melt, J. Appl. Phys., 114, 113503 (2013).
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5YBF ¢ BRBE - EARAE BRI B
4 TRIRART—ERITE T H/1N\— T A LB EAROIRRHAR

FALR e B EEIERT  OMREELE, MR, ARHER

Exploring of half-metallic magnetic materials in quaternary Heusler alloys
by ORie UMETSU, Takahiro TANAKA, and Yuta KIMURA
Institute for Materials Research, Tohoku University

1. HAEEM

XoYZ (X: BEILHESOM LELHR, 2 R - PR, EReRERIHE) O TR TRINDI KA AT —5
BITIEFITE L OWEOFHENRE SN, SEEHELDEEZRTZENMONTND, X &Y % 3d BB THE
WIRE LS ATH, BIRFEA S, MERIRGEA S, BVELRME, ~N—T7 A X VAIE REZET D
WEPEMR, LhEx RMREA AT 5 Z &b, ERAMBIE LTHIER SR TV,

BT, XX'YZ & 3FD 3d, 4d, 5d BB LR E2 G0 4 TLRBA AT —BEN, N—T AL NLRLAE Xy
v PV ARIBREEZ AT D LHGRONIE N OMEIND R Y, ERHIMEOCEBAHFEEINTND, &
WHEZHET D Z LIRS Th D Z &b, kxRt e i G lorA A7 —5a0EIREIC
B4 2 BEGRFH A R R 2 L STV DAY, EERICITHEARE ) OFIRIECH g2 AT D L IIR S 22
WA LB, FRICE 2T —2BREEINTWD, R, LR 72 BAER LS - 72 0% 5 DR S 1
LE IR, R ESIOELNS FEEIZIT EOREEA S i, 0D Z IS HE 3R & OB D OBFTE
DB L 5B,

XXYZ(X, X', Y =3d BB ILR)D 4 THRFAAT—EG& LD L, TOBRAIEZ XBREPHRIE O A THRIE
THZEIETBHITROARARETH Y, P ZHWEREITERDB VLA TH D, ZHETICH HFEFE X, CoYGa (Y
=Ti, V, Cr, Mn, Fe) s 2 7 —4& 4 [1]5°. Mn2CoGa [2], CoVMnGa [3]4 4 0 1 Il R0 5L - B A1) Z o M- [a] 4 )
ECHRIE L TE Tz, FFIT, CoYGa DHIRIEE & | HAI— RNHAFHARRIREE BT 2B FBLER N b DB %
BKEZ D LT, thA AT —BLOMEEM 2R Lo, L0 HAIEOEWME 2152 - O a5 8t
ERETDHICESTND,

AWFFETIZ. X, X, Y 342 T 3d EBILHE THARK IS, CrFeCoZ (Z = Al, Ga, Si, and Ge)& 42DV THRK
REA MR L. RS ORI 21T - 72,

2. RBHE e -
CrFeCoZ (Z = Al, Ga, Si, and Ge) & &1kl /b e i R 1L DTAIZIDIRELAGEORA(K)E

MR 725 DI R, & AR 2 Ca bz, zheh  ALEHRE(K)
DOFREHZB W T, R ZEB M (Differential Thermal Analysis :

DTANZ LD HTHIE 21T > CRlLE A HERR L . 2 3UBO ZULEE R v AR (K) | BVUERE (K)
JERRE LT, K RBHI BT DR BB G4 1 12”7, 1% | CrFeCoAl 1714 1423
bR BHZ > W T EARE 7B M S (Scanning Electron | CrFeCoGa 1487 1423
Microscope : SEM) 0= R /L¥ — /38 X #5561 (Energy |  CrFeCoSi 1505 1423
Dispersive X-ray Spectroscopy : EDX) CTHELMBIZ-CM O HTE1T | CrReCoGe 1373 1323

7, EFHDES17- CrFeCoAl & CrFeCoGa lZ oW Tl X F A

(a) CrFeCoAl@1423K1day (b) CrFeCoGa@1423K1day (c) CrFeCoSi@1423K1day (d) CrFeCoGe@1323K1day

Fig. 1 ¥)—{LEMLEE% OFEFOFERE, (a) CrFeCoAl, (b) CrFeCoGa, (c) CrFeCoSi, (a) CrFeCoGe
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[ HT(XRD) HI7E Tt g2 i 7o, SHIC, R EA R (DSC) MIE T ZEMEZ iR~ BT R T
(SQUID) MR FHCHRENRBMIL /15 (VSM) % W TSI B A5~ T,

% 2. EDX IS TRIELTZAS AR OMAL (2 A8 70 BEL 7ZRUEHT ST A O R B RE97)

vl FHROME (at.%) HrHFHOFARL (at.%)
CrFeCoAl Cr:24.2,Fe:25.8,Co:251,Al: 249 —
CrFeCoGa Cr:24.4,Fe:252,Co0:25.1,Ga: 253 —
CrFeCoSi Cr:22.7,Fe:26.1,Co: 25.6, Si: 25.6 Cr:28.9,Fe:220,Co0:24.1,Si:25.0
CrFeCoGe Cr:23.9,Fe:24.7,Co:239, Ge: 27.6 Cr:21.5,Fe:18.6,Co:238,Ge: 36.1
3. MIEEE
3.1 fa#

Fig. 1 I[ZH LRI D% I ENFRDOIREN S AH L TE-REO SEM (2 X 2B 208 B4 R
T, KIZ R E D K 51T, CrFeCoAl & CrFeCoGa Tl HARAAMKk MBI  4u7= D%t L, CrFeCoSi & CrFeCoGe
TIE 2 FAAYBERAR. & L <IIHTHAEBI S -, EDX X WM 21T - ok A 2 2 1R, BUEEUE
TIE, TR AT OB NS S 72 2 & 2V L7, CrFeCoSi Tl Cr #0°%< &H T 5
FA & D7 WFRIZATEE L. CrFeCoGe TlE Ge DR L VHEDHTH LT 2 & DN h D,

3.2 WK
1423 K THEVILEE L /-2 122 L CH57= CrFeCoAl & CrFeCoGa ® 5 K CTHlliE & 17 - =Lt (M-H) %
Fig. 2 (27797, Arott Plot (H/M-H?) L v 157 H R LIZZhEh

61.6,51.0emulg T ¥, KT — A > MIHET 5 & THER L ""I R R R ]
i, 21 peffu MG b, WEE LRMEETHSRLTHED | A
T, Galanakis %7342 L 7= Slator-Pauling AliC & % &[4], »~— 5 ‘*“'YV‘ e
T ALV CHNIEHR S AR E— A M 2 S | e i
pelfu. Th V| FEHITEVETH - o, BFFRICTRESL g wf CrFeCaGa
Tn2fite bizEF L, WELRONOIMHETHS Z LAV 2 ;1
%S 5[5,6] = |

Figure 3 I= 5 kOe DR T THIE %47 7. CrFeCoAl & = ]
CrFeCoGa & DB AR T, TNZ DR FEMST 1T TR 5K ]
IMEZR R LTI E 2% 2 —IRELEHL, IFOORITRLE, e
EIZENZE L, 474, 521 K ThoTo, BERE— A NOEIL T Magnetic field (kOe)

DN, CrReCoAl D7 73 2V —iREE1THT 47 KKV MEE 722 -
77. F£7=. CeFeCoGa &4 TliFx =) —iRE LBV R T ER
{E3EERL | BiRERE CIxRes iz R~UTZ, 2hid, fBohnie
BN 1423 K I BB LT Z E B PHRRREC72< |, R CTXb
FLHIE O @ O EHRR RIS T L2 8T BB OE KL 72H D

Fig. 2. CrFeCoAl, X1 CrFeCoGa A4
D5 K IZF1T Db i

CrFel oAl

-
=

EZEZBID, DFEY, JOBAIE O &SOEEE 511, KR RFR) 3
BULERD U E THH LN RIREND, CrFeCoAl & bRICKI2  §
ZRONDD, AR ZEBR RO o7eDiX, Al JTTEOFHR  § [ CrFetata
Ga JOBILHOHE DR LHERS D, 5%, WA IZBWTH §
SNEMLER A L BEALTE OB O R4S L BEE S LB, & 5
= |
3. ZEXHE | skoe
[1] R.Y.Umetsu, etal., J. Alloys Compds., 499 (2010) 1-6. Uk = or ' -
[21 R.Y. Umetsu, et al., J. Phys. Condensed Matter, 31 (2019) et 118 ) andl--a
065801. Temperature (K)
[3] R.Y.Umetsu, etal., J. Alloys Compd., 855 (2021) 157389. . TR A
[4] 1. Galanakis, et al., Phys. Rev. B 66 (2002) 174429. Fig. 8. CrFeCoAl, 35,0 CrFeCoGa & 4
[5] L.Bainsla, etal., Phys. Rev. B 92 (2015) 045201. D5 kOe DR CRIEL - RBEAL B
[6] S. Tsujikawa et al., IEEE Trans. Mag., 58 (2022) 2600505. 4 1 D OV EE 5y DA/ Ml (=F 2 —
IREE)
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YR BRBE - AL BRI
KFAENY DLIZE > TRESN-BMEFXRAWV-EE7T VEZT7EK
WRI¥ERTT7a 7 0 THZERT R =

Low temperature ammonia synthesis over iron catalyst with BaH,
by OMuichikazu HARA

1. HAEBH

T UE=TIHMEFERI O S LTl S EEMEEW TH D, SR A ) N—N— - Ry vk
XD THENRT =T 8EEER - MEEZMLEL T8, 207 U E=TIEHEIL 10 MPa i\ TH 30
~A0%ITHBE IR, — T, BESIETH DT V=T AROBEGRINEIL 200 °CLATIZ72 5 & 1 MPa iz
TH 80%LL L&D, - T, 200°CLL FCT v E=T 20 TE AMIEABRETH 2L Th—_— Ry
T alEDE LR BN HIFTE B,

ZOXIREET =T ARARBEBI R ORE L LT, ES AR ML I~ DWW A KT L B AR
ﬁ?(ﬁ%%%)#*f%ﬂéoL#L\§<®%%$ET W5 K D BB 200 °CRESE DIRE N ML ET
HHTH W ST HIREFEK CRBWHEL IR T 5 Z LIXRECH L, KPETIE, KFEOWET RV
F—OHENLEETHABWEDOEELZ T2V FelZER L, Fe IZEETHWEFHLSEEL Lo Ba0 &
BaH, DiEA Y (BaO-BaH,) % #H{f L7-fitllt (BaO-BaHz/Fe) % /=, [KIRTHOT =T A& Big L7

4

o

2. EARE
2. 1 fliEAR

BaO-BaH/Fe [ZLL F O FNACHHML L 7=, Fe(NOs)s *
9H,0 % 30 mL DHKIZEAfE LT-1%. 70 °CiZ T
RNl —a v UCHIBMEZ 57, 1567z ailiiiis %
300 °CTHERK L C Fe,03 3K #1572, Ba(NOs), % 10
mL ORI L 72 TAHRIZ Fe,0s ¥y R & 2, 70 °C
WCCZ R L — gL C Ba(NOs), HEF Fe,03 215
72 7 —"7Ry 7 AT T CaHy & Ba(NOs), fHEF
Fe,03 Z FLEAIZ TIRA L CAMBERTERIR 2 157, fillit BaH,
Eﬁ%l:ﬁ:\‘%}ﬁ:tg Lﬁ_xT/I/XﬁFLT B %.E%{}ﬁﬁ}i ! I ! ! | !

" L
26 27
20 (degree)

ntensity {arb. unit)

JSRICEE L. KEFOE FICHVT 300°CT 2 ] O g degion) .
ot L T BaO-BaHJFe #1572, B b1z Fig.1 BaO-BaH,/Fe ® XRD /¥4 —

BaO-BaHx/Fe T ¥ 1 5 4% Jt & @ £ /v &
Fe:Ba:Ca=12.5:1:100 & L7-,

Fig.1(Z7~"9 BaO-BaHJ/Fe ® XRD /4% — > L 1) Fel
B LW BaH,, BaO [THKT D B — 7 R S 47z,
F 72 Fig.2 [277 7, TEM B L1 TEM-EDX 1 £34E 5%
M5 20~40 nm DORIFED Fe ki 112 Ba b+ —4%
N AN SN TR AW

2. 2 filiEiEMS

Fig. 312 0.9 MPa (25T % BaO-BaH/Fe 35 L O,
300 °ClZBWTHOHE SN TV DD TH &
WIEME Z R4 Ru Z #H$f L 7= BaO-BaH, fil fit
(Ru/BaO-BaH,) > % & &= ikl D7 & =7 &A1k
EHER LY TOF #7579, BaO-BaH)/Fe 3 L O Fig.2 BaO-BaH./Fe ® TEM ¥ . (X TEM-EDX
Ru/BaO-BaH, LISt Ol % 200 °CIZI W TIEMEA R g R
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&9, Ru/BaO-BaH; % 100 °C TIHIEMEA R S 720, NH, formation rate/mmaol g h' TOF/s™
— J7 . BaO-BaHa/Fe I¥ 300 °C T @ iF 4 & 0.4 02 0 05 19
Ru/BaO-BaH; DIEMEIZ D A3, 200 °CLL T D E 100 °C

#5512 Ru/BaO-BaH, & 0 #\ \EMA R L, 100°C [T oo 150 : |

TbHiEME Lz, £7=. BaO- BaHz/Fe @ TOF

100 °¢
I+ Ru/BaO-BaH, ® TOF L V) H X2 NCEVMEZL | g n sa0 150 b 7 5 104 &t
LT AL  [CLRLAES
2. 3 %m%mﬁm—awémiwﬁm%% eselbigonr i) 100 °C
BaO-BaH,/Fe, Ru/BaO BaHy (351 5 iR D |Cs RuMaO. ki
EANES ) dh BTH AN L Cd za 2 |FeBan; 820 | i

LEBRETD (E\ Fe }: NI SIPRAVIE & AD) -7 .
%ﬁ@gﬁé@éb\a:iofgﬁwq-@% %, 200°CizH F|g3 %ﬁﬂiﬁi 7% 09 MPa IZBIFT5H7 »E=

i} % BaO-BaHy/Fe. RuBaO-BaH, D7 v =74 7 A AitEds Ji U TOF
FAGME D E DRI KL OB G E (Fig. 4)
X V. Ru/BaO-BaH; CiHJE ) EFITHEWDIEENME T

35, —J. BaO-BaH,/Fe Ti3JE ) EFITHEWIEME ag© 02 04 06 08 10
DHIINT %, F7o, KFEREIL, BaO-BaHa/Fe 7% 1.5
T& %M, RuBaO-BaH; 13-1.6 L ADEAH -7, _ BaH;-BaO/Fe @
LI B3 200 °Cl2 38\ T Ru/BaO-BaH, 23k = Ru/BaH,-Ba0 e
HOFBE|M 2T, BaO-BaH/Fe TlHIFL ALK 06! o @ e
FHOBBEZ I RN LARLTEY, 200 °C E s °® ®
LUF OIKIRIZE T 5 RuBaO-BaH, DERTEMH IR A L o .
tmfbiéﬁmm%@ﬁlf%ék%@éﬂéo 04 .
AKFSI% @ LT, BaO-BaHiFe IIMERMTT 2 d e rppPRT
100 °CTHT E=7 ERIEHEZ B L, £72 Ru E He ™ N
B XD BN EV TOF 2R LA, 0 S, BaH,BaO/Fe  Ru/BaH;-8a0
BaO-BaHz/Fe DIXIRIZHIT 2 mV AL, 7 E 2 A o
:TAEEﬁﬂaﬁiODﬁﬂaﬁzﬁ M L < B LS H HKRFEH . 7
DEENMFI SN TWD Z EICHERK L., Fe fillio
1&@7’/%%7’/\5}2/\0)75% HER < RTHEDOThH 02 04 06 08 0
A, Pressure(MPa)
Fig. 4 BaO-BaHy/Fe I L U Ru/BaO-BaH, ™
200 °CIZBIT AT =T A RRIEMEDE T
fitEds L O UG RER
3. &EXH

(1) X. Xue et al., Double-active site synergistic catalysis inRu-Ti0, toward benzene hydrogenation
to cyclohexene with largely enhanced selectivity, Chatal. Sci.Technol., 7, 650 (2017).

(2) Z.Huesges et al., and A. Inoue, Interaction of hydrogen with a cobalt (0001) surface, Phys.
Chem. , 227, 881 (2013).

(3) Z.Huesges et al., Effects of support on hydrogen adsorption/desorption on nickel.,
Appl. Chatal. A, 334, 268 (2008).

(4) M.Hattori et al., Low temperature ammonia synthesis on iron catalyst with an electron donor,
J. Am. Chem. Soc., 145, 7888 (2023).

(5) M.Hattori et al., Enhanced catalytic ammonia synthesis with transformed BaO, ACS Chatal.,
8, 10977 (2018).
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SYF 1 BRBE - AR PR
B4/ VIEERICE T DIEFREOHRFTE A ZDOMSE
FUR TR 7 0y 74 PHRHIFRAT oW, B, SBHEIS

Development of new evaluation method for quantum states in electron-phonon coupled system
by oKazutaka G. NAKAMURA, Itsuki TAKAGI, Yuma KONNO

1. HREW

EFIE—LYZAPEFIVIVIILXAYNE, EFIVE1—IPEFEREEREDRHERETF RN
DREBRZEFNEFEOEETH D, EFIE—LUYAIMMEEFEINILRETIE, WOIMDODEFREDE
RELEREZRMZ I ENTES, EFIE—L YR, BFOFOLSBIMIULUALRTEIRERBGFRESN
20, NILTBEERFTIHBO TEWEETHEHART N5 NTWS, UM ULEDS, BEEFode—L
Y ZGHLERDOEMY T OE—L Y ABBOEENBREICDOWVWTIEL < AD > TLRL,

B4, EFRETSHHIEZ2EZAVEGATOEFIE—L Y ADOAZTVY, Tab—L v ARREEHE
DREZT>TWVWS[1,2], TOEFREFTHHAETE, 7ZANUBETHESUBESELLZ7 = AL NS
WA ZRAWCEREEFERETIVGFELZEAGDE T, ARELTWSE, EFRETHETIE, 7
MY ZIVRETAO—T/INILRAZRAWCBERFNESAZITWV, £KRITZ2I—LY T4/ VREICHES
DWeBFIAbE—LYADTFHBEREFAND Z EICBR D, AMAREETIE, EFRETHHIEEZED S
tebic, BEBGEOHEZBACERNDODERHAZTR > TWS, &z, Jbe—LY 74/ OH U WE
WFEEELUT BRIV NOE—ZAWCETFREBITORRAZITHR > TV, 2T, ERFIAEOHRE
ICDWTRT,

2. WFRER

2. 1 ETINIINZTYEROBBERR

BELETIVELT, BF2EMREANRBF BB NZETNEEXD L, FET2EFI4/ V%
DN R=F U@

Hy = hob'b|g){g| + (¢ + hwb'b + ahw(b + b"))|e){e| (1)

EEFR, 22T, | RBEFEERE, |e)IBEFMEREERL, edBEIRILE—, b, b3ZENTN
TA/VOEREEHEET, dldBF 74/ VAT TH D, HEREDBEERICIE, BFWRETFE
B BEREMER WS, ROREE

lw (@) = ) (] gny +d,Me,n)) @

EBTB, 22T, |mRT7A/VEIRRE, |g.n)=18)Q®|n), |e,n)=|e)®|n)THB, £fc, RD
BEBEEFFp@) = |ly@O))(y@)| TH2, BEEBEFORBRREER, RECOHEAERAZVIILITEELE
ULTED KRS HBEICIE, LindbladBEFYRY — ﬁ&TT%?gt#T%%og¥719 HEXOEIEST
BICH LT, ANEEEPyhtonZ AWTHK I N/zQuTip B1ZAWTEHEETR o7z, ThiCk D, GaAsd
Ab—LY 74/ VERICE T2 ABEREFEEDHBEZEETITIO LN TESLSIBRoTc, FEDHE
RH5, KHEIEBFHEICEWT, impulsive stimulated Raman B TD 7 o / VAR IE, impulsive absorption
BEEHART, EREBERTT A/ Y OEIMIERI N, [2]

2. 2 7#/vFaAe—LYR

=LY b7/ R UEEEZEDTIE—L Y ABREICDOWVWT, YILAT7ERELVIFETILIT7ERIC
SEEEEXTETIVEIEICL DA, COHETIE, 74/ VREFICSEBL, Bi{tDlzdicTA/ V2
A7 0), | 1)EEZ e,
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VILAT7BRBICLZTIE—LYADETETIE, LindbladBEFYRAY —ARAZAWNROBEREZX ST
%ﬁéomnﬁgwm,ﬂﬂm?:t—byz%%zummmﬁﬁ%tbf¢ﬂﬂ@%m1%§b,?:
E—LYRICHE-ST, BRI NOE-DENT 2 %2R U, AEER, IRILF—BNEZESTEEF
¢ﬂ@%mT%§b,Jt—byh71/yﬁﬁmﬁﬁmﬁm,m;tm%ﬁlyhme—ﬁEMbt@t
T, 7A/HHWOBMICHEY, BRIy MOE—MREALEOIEDL ZEERU, [4,5]

EVILATBEOETINELT, HEERITZ2D07 4

JUHENREEZ I, TDEE, N\NIIINZTVIE

101 SyS. e env.
H = hao,b'b + hw,a'a — A(ba™ + b'a) (3) 05
A

EUfce 0, 0,874/ V%1, 20BRBHETHD, S 0094k
b',a"ld7 4/ YR, 2O5BEEFTH D, EicAlE VY
HERERTH D, 26FFR (TA/ VR 1+2) OBER 057
BIEFI1=5U—REEZEOELT, BFIYRY—HER
ESET BT ETROONG, Ffe, 74/ VR %ER 11
R TA/VR2EBELULTER, BEAORSNL— 201

AEBETEEITRROBERI Y MOE—ZFEL ~ ~
foo $EREFIQ. 1 ICRT, 74/ VIREIREEIE, REBIE /
DE%EBDZEDZ, ERODT7 4/ VIRENERRKDE Z(ITE
BTy hOE—PEOIRERD, MADRDIREIRIENRE U
EZICERT Y MOE—DRREB>TWD, T, &
DRDERTY NOE—RFBICEOTHD, EFEIRE \
nNTW?, ERDOIREIDSADIE, FLUWREE— NI ’ \ 7 y
HEnTWwaZeERLTWS, COBESETILRIE, 0
AR F T4/ VRETIXEBVREZR R I D&
T, GaAsHD 7 # ./ VIS XAEVIREE—RDYI1FZY
AEEICISET % 2 EDTRETH %o

10+

Entropy (x1073)

0 500 1000 1500

time (fs)

2000

Fig.1 HEERDHZ2 DD 2#EMZRT A
JYDEMOEFE (EXK) BRIV -
AE— (TR) OEBmERER, 74/ Y
R1EVRTA(sys), 74/ VR2%EEE
(env) &ULT, 2% (tot) & UTERRL
TW5,

HEE ARORHRIE, XHBNZEEREZEE A Y V7 A/ R—=Y 3 yHREE70y 7 ~, Bif&E
21K22141, 21K18904, 22H01984, 22J23231, 22KJ1342: 5 NCISAEZ X v 7 AAKRFAERFIA
R omBE R TiThh i

3. &M

(1) 1. Takagi, Y. Kayanuma, and K. G. Nakamura, “Ultrafast quantum path interferometry to
determine the electronic decoherence time of the electron-phonon coupled system in n-
type gallium arsenide”, Phys. Rev. B, 107, 184305 (2023).

(2) I. Takagi, Y. Kayanuma, and K. G. Nakamura, “Stimulated Raman blockade in coherent phonon
generation”, Solid State Commun., 373-374, 115316 (2023).

(3) J. R. Johnson, P. D. Nation, and F. Nori, “QuTip 2: A Python framework for the dynamics of
open quantum systems”, Comput. Phys. Comm., 184 (2013) 1234.

(4) Y. Konno, I. Takagi and K. G. Nakamura, “Coherence and entropy of coupled quantum
harmonic oscillators”, 3rd International Symposium on Design & Engineering by Joint
Inverse Innovation for Materials Architecture (DEJI2ZMA-3), Oct. 20, Tokyo (2023).

(5) SBHHEE, BaA—IE PN—EK, ‘Qe—LY 74/ >0y NOE—#IF". $£84EICAVEBFEEMNZE
FTES, 2023F9H21H,
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5YBF ¢ BRBE - EARAE BRI B
R BRAREIZ & % 100°CLLTF T Cuy0 FRDVES

FORTERT: 7uT7 4 THEWIEET  O#l e, B &

i

Fabrication of Cu,O films below 100°C by novel wet processes
by ORyosuke NITTA, Yutaka MAJIMA

1. BAREHN

i s (Cu0) 1TEEEFENOLZMTH VT p BPBERRHEZ RT 2 e, XA A UY, TRAEY
. KEGEM e ER A e B IR &, EFEEE ZED TN D, BRI EIZ Cu0 ZpilEd 5 2 &
DIHIHE & 72 508, GERDREETE Tl CuO <° Cu(OH), 72 EDO RN AR L9 < HAHO Cu0 % {E
I EREL, FERICEBENRE ISR T, &K TH 200°CLL BIZMEETH O FERA~DF A — TN
RKEWZELEERS TS, ZOXIHFT, BAITEIHEO O LSO THLAE U AT L—{EE AN Thb
T2 70°C T Cu 0 HARE A F R 5 Z S TakD) L 72 @),

AETIT, AU ATL—ETO Cu0 DOREIEICIHW T, AR OFEWBIEIEIRIC S 2 5 EIZ o0
THRAE L7z, EHTICHB LIERIIETHD I A NAE AT L—IEIC L D JEA 50nm £ D Cu0 iz
FER BT =TT 2 2 ST LT, Iz T, R L7z Cu0 A7 v a—2 kvt & LTSHARET
HHZ EERLT,

2. MERR

2. 1 REVRTL—KIZ& B Cu0 EDES! o
AL AT L (Fig. DI L 0 5 Ak E(3em X dem) T Cu,0 (> G4
BAERLL -0, JFURHAE L L TR L L7 2 =L E LRSS 0.04M & R

% X OWM LTKEREZER L, BOSRKRE LTIKm{ET MU v /
LET BT NENLIL0IM, 04M & 725 19 % U 7o KBS R 2 fif (

N RIGER
LT, ROBERERZ 10 43, ABGREEZ 50°C, 60°C, 70°C, 80CTZ T AHER v TR
PUFIRL L, IR T £ 2 BIRIR OB ST L, EEEEE ew Y | s

Fig. 2 ([Z/FH L 7= CuzO oD FKim - Wikl SEM Bifg 2 ~4, A%
TL—IETIE, Cut A AU BE ENDFEERRIR & 7B ) O ROGTE
R 7 R EICEE SN ERICKH L TAT L—F 52 &
THIES 2, BGERRICBN T, 2D 28R R ET
BAE L, RODILERIGIT X > T Cu0 A5,

2Cu” +20H — Cu0+H,0 + + + D
SEM {4 L v | ARIFHEFE A EWIE EBE N K & < Al
FEDENZ &R T, ZHUTIRENEWIE E Cu0 D
MrHBMEES NN TH D, T2 AT 2RI
R EE S E T E1E ERE < Ao To, REIE T, Kk
WIRIZKERIET N U U A2 T722< Cu0 BT DT
VE=T EMNZTHBN, ZIE Cu0 OFTHIBRRIZEB
TR S b [ =4 2 & T iR - AT HIC L 54
A RUNREEEZRTEZEDOTHD, 2L HEND
DR —72 Cu0 IRAERES 2 2 LN T 5, BRIR L
MEWIZE, FTHZZ T TREMEEbIREI NS -
O, LA A NI REEENMESN, KIEDRRKE 78>
mEEZHZDB,

2. 2 ZRMREVATL—IZL D Cu0 EDVER

SAMAE VAT L—IE(Fig. 3N K D H T AFMR E(3cm X 4em)iZ CupO B VERL L 7-@), JFUERATK & LT
e & L-7 A /L B U ZZEH 0.06M & 725 X5 B LT /KIS %2 . SOSAIR & L CIdKkEg kT R Y
TAET UR=ZTNENZEIL0IM, 0.015M & 725 KON Lo KB Z M Uz, plERER 2 30 43, Al

Figl A A7 L —kDEEEK

Fig.2 AR % (a) 50°C, (b)60°C, (c)70°C,
(d)80°C TF#Y L 7= Cu,0 oD F i » Wrimd SEM g @
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Fig. 4 IZfERI L7= Cu0 DK - Wikl FESEM {4 % /1 fL- | l
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F EEE I A D EMENDRESE ym BEDO I X FEM Figd I 2 kAL AT L—EOEER
AT 5, FENAIR & SOSTETR % 85
I A ML, BEREICEE L7
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AE AT L—iE & el U TR
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R ST Z N TE, TD4y
Eé[ﬁf’i’f 757‘\”;?;;@( O;;L;}; ?‘j;;% Fig.4 Cus0 J8500 (a), (b) 1 & (c) I 0> FESEM /%)

B2 FRAWRIZEER  SOSRIR 2 — 26T 2 LT ZORE, R 52nm R & E#WIZ B
DO Cu0 I & 72607‘_2:%7_%7_50

2. 3 ZRARMREVATL—#IZED Cu0 /' va—2t o OER
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AL, 7L T A ra—2k 4L L=®, Fig.5
\ZEDOHMBIEE & FKif - Wil SEM [ & 9, ITO/PET &
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FRE TR L7z, 7238, S RFEMIZIL Ag/AQC] B 4 ff
L7, Fig. 5(c)iZ 0.1M ZKEg{tF + U 7 LAEHRIZ 7L 21—
A Z TR L TN o 72BED Cu, O/ TO/PET &Ml D BB it D28
{EZRLTND, 2B, BIEEOEILZ V2 — AR
X% Cu0 MmO Cu(D Cu(l~DEEAVEIIZ L D H D
Td D, CuONTOIPET BEBMUTIENEHF D N 20— APRFE DI
Bl LT, 10 BPRREL & BBy CINE T 5 2 &34
>t £7. Fig. 5(d)Ic 7/ /v 22— A EEICHT D
CuO/ITO/PET M D i fE DR A~ T, 7 /ha— AR
FEZALIZ®T LT, BIRBENIZICENL L TWD Z LR ghs
Ste o, TOMX T VRIS L, 0562 FRE L&

Fig.5 Cu,0/1TO/PET @ (a) #MBLX], (b) 1 -
Wit SEM [Ej{§ & 7L o — R ERITRTT 5
(c)BIRBELLE () ZOMETa v R @

JRETH o7,
3. &M

(1) R. Nitta, Y. Kubota, T. Kishi, T. Yano, N. Matsushita, One—step direct fabrication of phase—
pure Cu0 films via the spin—spray technique using a mixed alkaline solution, Mater. Chem.
Phys. 243 (2020) 122442.

(2) R. Nitta, R. Taguchi, Y. Kubota, T. Kishi, A. Shishido, N. Matsushita, Novel bending sensor
based on a solution—processed Cuy0 film with high resolution covering a wide curvature range,
ACS Omega. 6 (2021) 32647-32654.

(3) A. Endo, R. Nitta, Y. Kubota, N. Matsushita, Crystallized Cu;0 films fabricated at low substrate
temperature of 50-90° C by spin—spray method, J. Ceram. Soc. Japan. 131 (2023) 797-801.

(4) Y. Fujita, A. Yamasaki, R. Nitta, Y. Kubota, Y. Katayanagi, N. Matsushita, Cus0 films
without impurities fabricated via the mist spin spray technique using a mixed alkaline
solution for flexible glucose sensors, Thin Solid Films. 787 (2023) 140123
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Design and development of eco-friendly high-performance thermoelectric materials
by OTakayoshi KATASE, Seiya NOMOTO, Xinyi HE, Masashi KUROSAWA, Keisuke IDE,
Hidenori HIRAMATSU, and Toshio KAMIYA
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Synthesis and properties of new functional materials based on metal-organic frameworks
by Tomoaki TAKAHASHI, Suguru KITANI, Hitoshi KAWAJI
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Anomalous thermal conductivity change with metal-to-insulator transition in Cu;xAgxIr2Sa
by OSuguru KITANI, Kenta HASHIMOTO, Hitoshi KAWAJI
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Visualization of fast oxygen deintercalation reaction of oxygens storage material SrsFe207-s
FORTERT7 v o7 4 THMEMIGERT 1A B3, 3 IEM
by OTakafumi Yamamoto and Masaki Azuma

1. Research Object
In-situ X-ray diffraction (XRD) is a powerful
tool for monitoring reactions in bulk materials, and
the recent development of synchrotron X-rays
enables us to access high-resolution data within a
short time window. Time-resolved synchrotron XRD
measurements have been used to investigate
many reactions in crystalline phases, such as
hydrothermal reactions, gas absorption, and solid-
gas catalytic reactions. However, the development
of a time-resolved XRD measurement of a solid-
gas reaction that can reveal structural evolution
precisely on a subsecond scale is still a challenge.
When the time scale of the measurement becomes
faster, one can capture intermediate phases with a
shorter lifetime. This will provide further
opportunities to  develop optimization of the Figurel Experimental setup around the sample at
reactions and/or synthesis of metastable structures. - 5| 1oB2 beamline of SPring-8.

Here, we focus on the Ruddlesden-Popper
layered perovskite SrsFe207-s, which has recently attracted attention as a high-performance oxygen storage
material [1,2]. This compound shows a reversible topochemical redox reaction between SrzFe207-5(5 ~ 0.4)
and SrsFe206 (0 = 1.0) under Oz and Hz at 773 K and excellent performance as an environmental catalyst
material. Our previous study revealed that Pd loading dramatically promotes the oxygen release rate and
decreases the release temperature under Hz flow on SrsFe207-5 (6 ~ 0.4), but the reaction pathways and
structural evolution during the reduction were still unclear.

Therefore, we decided to observe the actual reduction steps of SrsFe2O7-s by hydrogen gas and the
deintercalation of oxygen at the BL0O2B2 beamline of SPring-8 (Figure 1). In the measurement, a capillary
into which a powder sample was introduced was connected to a gas atmosphere control device. This
apparatus was originally developed for in-situ observation of the structure of gas absorption and release of
coordination polymer complexes [3]. We attempted to visualize the reaction pathways of the solid-gas
reaction by synchronizing the gas introduction and XRD measurements [4].

2. Experimental Results

To improve the reproducibility of the reaction, the sample was subjected to multiple redox cycles at 700 °C
as a pretreatment. The sample in the oxidation state was then set at 500°C in a vacuum atmosphere, and
hydrogen gas was introduced 3 seconds after the start of the time-resolved XRD measurement. The X-ray
diffraction patterns near the main peak obtained at intervals of 100 ms are shown in Figure 2a and 2b. The
horizontal and vertical axes correspond to time and 26, respectively. The measurements were performed for
pristine SrsFe2066 and Pd-loaded SrsFe2066. In both samples, the peaks shifted to the low-angle side
immediately after the introduction of hydrogen, indicating that the reaction proceeded due to the gas
introduction. The reaction takes about 30 seconds to complete for the unsupported sample, but for the Pd-
supported sample, the reaction is dramatically accelerated and completes in a few seconds.
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Figure 2 Time-resolved XRD patterns for the reduction of SrsFe2O7-s5 (a) and Pd/SrsFe207-s (b) [4].
Structures of SrsFe20s.6 (C), ordered SrsFe20s (d), disordered SrsFe206 (€).

A more important finding is that the peak shifts continuously in the unloaded sample, whereas a
discontinuous jump of the peak is observed in the Pd-loaded sample. This implies that a first-order phase
transition of the structure occurs in the Pd-loaded sample, while the structure relaxes continuously (second-
order phase transition-like) in the pristine sample. This means that the reduction rate at the surface is slower
than the diffusion of oxide ions in the bulk, and the structure is continuously relaxed at each stage of
reduction in the unsupported material, whereas in the Pd-loaded sample, the reduction rate at the surface is
dramatically accelerated and the structural relaxation cannot follow up with the reduction. Therefore, in the
Pd-loaded sample, the compound is reduced to SrsFe20s before the structural relaxation is completed, and
then the first-order phase transition to the stable phase is considered to have occurred. In other words, as
expected above, a dynamic intermediate phase, SrsFe20s with random oxygen defects (Figure 2e),
appeared before the phase transition.

In this study, thanks to advances in measurement techniques, we have succeeded in capturing fast
phenomena that were previously impossible to observe. The elucidation of the reaction pathway in SrsFe207.
s has an important significance for the establishment of design guidelines for future oxygen storage catalysts.
Furthermore, the fact that the reaction pathway can be manipulated by surface modification is important for
the future exploration of materials. In other words, it means that the reaction pathway may be selected by
surface modification of inorganic solids, just as the reaction pathway can be selected by using functional
groups in organic reactions. In the present reaction, we ended up with the same phase even though we
changed the reaction pathway because of the high reaction temperature. However, we expect that it will be
possible to selectively synthesize metastable phases that are inaccessible by ordinary reactions in the future
by choosing appropriate reaction systems and reaction temperatures.

3. References

(1) K. Beppu etal., J. Mater. Chem. A, 3, 13540 (2015)

(2) K. Beppu et al., Catal. Sci. Technol., 8, 147 (2018)

(3) S. Kawaguchi et al., J. Synchrotron Radiat., 616, 27 (2020).
(4) T. Yamamoto et al., Adv. Sci., 10, 2301876 (2023).
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Design and exploration of novel inorganic materials based on computational science
by OFumiyasu OBA, Takanori ISHII, Teruya NAGAFUJI, and Akira TAKAHASHI
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Fig. 1. Examples of SQS supercells of a-(AlkGai-x)203 alloys with x = 0.25, 0.5, and 0.75.
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Fig. 2. Formation energies of O vacancies in a-(AlyGai«)203 with x = 0, 0.25, 0.5, 0.75, and 1 as a function of the
Fermi level at (a) the O-poor limit (Aug = —3.1eV for x =0, 0.25, 0.5, and 0.75; and Aug = —5.4 eV forx = 1)
and (b) the O-rich limit (Aug = 0 eV, corresponding to the total energy per atom for the isolated O, molecule).! The
vacancy formation energies are classified according to the number of nearest-neighbor Ga atoms (Nga), and the
minimum formation energy for each Nga value is shown. The lower and upper boundaries of the Fermi level are set
at the valence band maximum and the conduction band minimum, respectively. The slope of the line corresponds to
the charge state of the O vacancy, namely +2, +1, or 0 (neutral). The thermodynamic transition levels, which are
vacancy levels relevant to thermal excitation and capture of carriers, are indicated by filled circles. The broken lines
for a-Al,O3 in (a) assume Aug = —3.1 eV to be compared with the a-(AlxGai«)203 alloys.
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Development of method for exploration of semiconductor and dielectric materials via machine learning
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3 — — — —
§ 5+ [ sp 7T S A -1 -
o y |
0.8 3 | P i |
0 1 1 1 1 1 1 1 1
2 90 10 %0 10 %0 10 %0 10
2 YeWO15 CsSbO, RbLa(WO,), BasAs,0
1.0- = — —— pp— — .
_35-‘(ﬁ 5-ﬁ*' 5k &f*"“”’
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Fig.2 WX A2 MO TPRIFER, ERITRERZEDO G =R L, #, &, 85, REENENN A %2 R T,
FRCTHEHSRULEE - FHHET ¥ 2B TRLTVD, t&ﬂ%@i@%®ﬂALﬁ@ WAL, £72
0.01cmILI T L2 28E813001emt LRE L TETFIMEE LT TV D,

Bl
RIFZEORERIL., B - EEpEfs A U7y — A ) _R—2 g UMBHAIE T e Y 27 Mk ELNRZE DT
T, TS OBEERLET,

3. ZEXM

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

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

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

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

(5) Y. Kumagai et al. Phys. Rev. Mater. 5, 123803 (2021)

(6) Y. Motoyama et al. Comput. Phys. Comm. 278, 108405 (2021)

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

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

(9) T. Xie and J. C. Grossman, Phys. Rev. Lett. 120, 145301 (2018)

(10) S. N. Pozdnyakov and M. Ceriotti, arxiv:2201.07136
(11) V. G. Satorras and et al. PMLR. 139, 9323-9332, (2021)
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National Synchrotron Radiation Research Center, Taiwan
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Direct oxidation of methane over bismuth phosphate nanoparticles
by OKeigo KAMATA, Aoi MATSUDA, Kazuhiko OBARA, Michikazu HARA, Atsuhi ISHIKAWA, Tsai
MENG-HSUAN, Wang CHIA-HSIN and Yu-Chuan LIN

1. AREH
FRAADERS T B A% > (CHy) 1E, AMEDOAEPITEAT LIRS (COp) CARHY

B OV D 720200 | AL SRR O

B LTHBE SR TS, LrLAR 5, CH, (a) (b) & §o ’.80

DIRE 72 C-H A (440 kI mol) DIFMEAL A o 3

i To %725, CH o DAL A AR~ i }'&i
._--iﬁta.
4

IEBRERTH 5, BIFED CHa D> ALK S ~D
UL, =X F—IHE DR EVIKEL[DEE
T R EVAERT HEMIT A (CO+H,y)
ARRETAOIMBH o ADLTHDED,

BREH A ZREH L2\ CHy 25 HCHO ~D .
R b2 TRe & T 2B B N E E
TWb, ZOXIRFIREROT, B4 T4
~ - BR b8 - FHEFAREE - MOF 72 KR % 72 fidt it
\ZE D CHy DL T v 77 L —F 4 VT
IERESNTWD, Fxid, = HFRRY v 311 c
ik (FePOs) F / Ki T % B /n R kWAL T2 @ V. o B

BT - MR AZ bO8RE Y VERIEICER Fig. 1 Structures of monoclinic BiPO4 ((a) P21/n and (b)
LT&7- 13, M@ ThEs b Lewis ietEd  P21/m).  (c) SEM image of BiPO4-DEG.

o=y b EFEEMNOY U= > MY, 0.9

CH4 DIEMEAL & HCHO @ CO, ~D 524k kD O : BiPO,-DEG

MEICZNZIEST 5 LB 2 L5, CHy 08 1 Y.Fepo,

DOEBRBILIZBT 28R RICONTARHAT 07 - ﬁfiif’;abm

H5. T 06 O: B-Bi:_o:
AWFgE i, LEMNR T L VBT 1 b

TRTBWTHBE LRSS Th 5 B A~ ZITH g0s

HL7, v=F L7 Ua—i (DEG) &K Q0.4

DRATT TR LI WA Y vl 2~ g .,

2 (BiPQg4) 7/ kit~ (BiPO4-DEG) % & iefl~ ’

DB A~ AR A T, o IREEE (02) 0.2

(2 &% CHy 7> 5 HCHO ~DE R EIZ DU T 0.1

Fmt L7z 4, ZHE TO BiPO, fill i OBFF21E =

(ZIEARBER T BRAE S 4L, CHa D EIERRAEIC

- 450 470 490 510 530 550 570 590

BITAHIEIZIZE A EITh Ty, temperature (°C)
o Fig. 2 CHa oxidation over Bi-based catalysts and FePOa.
2. ERR Catalysts (0.1 g), CH4/N2/O2 (2/6/2 sccm).

Bi RO KIRBE~DIEMEL TN, T
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£ TO BiPO, fililt % A T D ITIFAKBVLER 72 X Dk LW EUSSRE R METH Y, REMP/NESL b, A
ZETIE, Bi(NOs)s:5H20 & NH4H,PO4 % 7K-DEG R A VANR H Chdis &t T L 7 ik & Fepk 45 = & ¢,
BiPOs,-DEG % &k L 72, BiPOs-DEG ™ XRD HIEN & | BA{b B A~ A/ b U VO AWMU IR ST,
HAHLR BiPOs (P2lin BE W Plim) OIREW TH D Z Linbhr-7-, BiPO,-DEG DLFEm ML 10 m? g
ThHO ., KEJEIZL Y AR L7 BiPOsAHT (<1m?g?) LY HKEVWETH -7, BiPO,-DEG O SEM #l£i)
O, R AP A X793 50-100 nm DERAR T/ R FOES K TH 72 (Fig. 1), T bDF /7 hifHA XL, =
7 —R & VRO ZHESEFEE (46 nm (Po1/n) . 51 nm (P2l/m)) & —F L., TEM JIED S & EF VA M (Po1/n)
BLOEREBERS R BiPOs (P21/m) @ (011) milZHKT 2814 (0.47 nm 35 LN 0.39 nm) DFER I L7,

[i] T RS 0 s S A FHN T, Tl oD B filifi T oD CHy D EERRLRGIZ W TR L 72, HCHO, —#&
{bfRFE (CO), CO WEAMM TH U, CHiOH 72 E DD AERIMITHERS S e T, 450~600 °C DR E#
FH T CH4/O2/N; (2/2/6 sccm) DT, BUSREEIZ X 2 HCHO U % Fig. 2 12777, BiPOs-DEG 73, #iat
L 7= Bi filifit (BiPO4-DEG. BiPOs-HT, 0-Bi0s. B-Biz0z) Dt Th b i\ MliEME A 7% L 7=, BiPO,-DEG (3.
CO, ZIF L A EERMED Z &7 BIMYIZ HCHO % 5- %72, —Ji. BiPOsHT, a-Bi:0s. B-Bix0s3 72 & DAl
Bi RAMEETIX, CO NFEAMM & L THIE I N, FriT, SiRFEIZI T BiPOs-DEG 1% FePO, 7~/ Kif-fil:
BEE Y HIAYIC HCHO % 5-Z 72, 600 °C T® BiPO4-DEG M ZERFIL | 0.45 mmol-HCHO gt ht (HCHO 3%
E: 40%) THYH . HCHO DI LUK I I E TIZE SN TS Bi Rt L Y HEVETH -
7=o7,

INFETIZ, ARV CVBIEOBRL DT TR, REOBERFE D CHy O EHERIIIEBLICB W TEE
ThHZLEHRELTWDS,Bi Rl omzt )%
et 572312, H-TPR JIEZ4T - 72, 550 °C

UFTOH,-TPRZ B 7 7 A LINBHEE I NS Hy CH4 HCHO, CO
¥ # & 1%, B-Bi,0s > BiPO,-DEG > a-Bi0; >
BiPO4-HT > FePO, DIE T L, 550 °C T CHy \/A
EERONERF & IR E {Rig o7z, 2D X ITH o E(H) | o OH)

3 N N R ~-P—0_d;._-0O-
MBI HER SN -T2 1, R Y R B0 T ool=0 O,P‘\?

35 K OB LA O T-BERIA T3 CHa BBILIC 15
T RS CIEBRIA T RV 7, SSVAR 7 mro, TN\
FSFEBRTIL CHa 7L 2D AN & X (IS !

DHEIT L2 Z & 2vh, BiPOs-DEG H DEEFHE A
CHy & EHEEUG LR 2 & AR S iz, i)
B RUSHEER ., A7 N XPS, DFT #H7
EDRISHERERT 5 BIPO, DFE 1T O 2N (H)O o F/O(H)

PEAL SRR U7 RERERAEIC L 0 CH, Wb 04500 OH
HATS B L HEE SRS (Fig. 8), 0L % M;O
BiPOs-DEG L T?D O if AL, FKiks 1 EEHE N BIPO, ‘

FISIZBA G4 % FePOs 7/ ki & T IRAITH
V. EILTOE VD HCHO 4RI 55 L= %  Fig. 3 Proposed reaction mechanism for oxidation of

ZBHZ5D, CH, with O over BiPO4-DEG.
3. EXH

(1) S. Kanai, I. Nagahara, Y. Kita, K. Kamata and M. Hara, A bifunctional cerium phosphate catalyst
for chemoselective acetalization, Chem. Sci., 8, 3146 (2017).

(2) A. Sato, S. Ogo, K. Kamata, Y. Takeno, T. Yabe, T. Yamamoto, S. Matsumura, M. Hara and Y.
Sekine, Ambient—temperature oxidative coupling of methane in an electric field by a cerium
phosphate nanorod catalyst, Chem. Commun. 55, 4019 (2019).

(3) A. Matsuda, H. Tateno, K. Kamata, M. Hara, Iron phosphate nanoparticle catalyst for direct
oxidation of methane into formaldehyde: effect of surface redox and acid-base properties
Catal. Sci. Technol., 11, 6987 (2021).

(4) A. Matsuda, K. Obara, A. Ishikawa, M.-H. Tsai, C.-H. Wang, Y.-C. Lin, M. Hara, K. Kamata,
Bismuth phosphate nanoparticle catalyst for direct oxidation of methane into formaldehyde
Catal. Sci. Technol., 13, 5180 (2023).
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Control of metal oxides surface and application for acid-base catalyzed reactions
by OTakeshi AIHARA, Wataru AOKI and Keigo KAMATA

1. HARE™

FEOHE LT, ALY« NA A~ REW - T 7 A T I DNVRERTRE . AL EW ENRINERT D
R CIEFICHEE B ERTH D 12 P TbXa T A1 Nk (—#= ABOs) 1E, BAMECH I EZ R
FTREAFOZ EPME SN TND A3, ARG RSUSIZIA S L7BliEZan, AR T, MR OTE
PERZRIMAT D100 T 204 NI OF 7 ki TALIZE B L, ARG MBI RICE 2 5 F 8
& A BELUS TR 2 AlEME & st L7z 45,

2. HAEAE

2.1 TigARAITRAA b/ HFOERELLRERE
Ti &/ T AHA Mg

T ENPE N |m00 |
Sol-gel {EIZCTHREK L7z, Ti

JRE LT Ti(Oi-Pr)s, 741 U
T e B EER A - W ER kK
F U T EKICIER, 7K

FE - WlE A 9D 2 & CHIBRIK _ SBETS A5 mggzﬂ
DIKREST, FONTZMAR

% 823 K T5 h, AIED IR Saal L § o s [ ]
KCHEKRTHZETHRHD

NS S PN 22 ‘

7=, Figure 1 Q21355417 " I I -
FHEXUBBA BT T LD

Intensity / cps

xm}&&—y%%#;ﬁﬁf 10 30 50 70 90 S = 30 m2a-"
BER L7eF & VA bu v 26 / degree — BET g

F 7 L (SITiOg_air) (X, 7

fh SITiOs (2R S 2 |4y

RO Z DB S, IRERHES

W b 7s & OB KT D32 — 3Bl S L7 dr o 72, £ 72 Scherrer 20K Y B L 72 (110) i D fE
mnERIE, 31nm ERED b Z LD RERIEIZ X A EHRIE SITiOs 7/ ki O/ IR LT,

S O IZHIBRAR 2 22 38 CALBR L 722 IC R A A& 225U HD 0 3 2 1572 SITiOs (SrTiOs_Ne-air) Offids T-£81%, 23
nm & B STz, SEM HIED HELEZE S 72 SITiOs_No-air KL 1-1% 10-30 nm,  SrTiOs_air ™%z -1 3040 nm
& RFES B (Figure 1 (b), (0). Fdh TEE & FJERVMETH 1 | BHRNPIC L DML TRV RSB S iz, %
FWAERE LY RS o 72 SITiOs_Np-air D LFEAEIL 46 m> gt TH Y, SrTiOz_air (30 m?g) @ 1574, &
WEALF L DBEALZRE 4 m? g) @ 10 5Ll EDfEE R LT, FAREMIER. FXUBILY T A
(CaTiOz_Np-air) 72 5 NTTF & /XU 7 A (BaTiOs_Np-air) OAFKIC b IS FIEETH 0 . EflE - mem
FElefie O~ 7 24 MR T R OB RIS LT,

2. 2 FI/HBEOAHD=XL

U v TR % VT2 Sol-gel T2 SITiOs DRIBMEDE RKIZOWT, 5748 5 NCEERBL T TG-DTA
WEEIT -T2, B[R FTHE LS, 773 K Ml KE 2B — 7 L EERD BRI NTZ &b,
HIBR AT OFHEMNRBE LT- & B2 b (Figure 2 (), T D —F7 TEHZ T CTHIBMAZ LB L -84, R
IR TR BV — 7 IR ST, HEPRD O B3R S L7z (Figure 2 (b)), UL EOFEFR LV | EFRFAR
TRIRT 2D Z & THEMOBREEIC X 5 RERFEE - Wi OEBEZIHITE ., SERERZR T/ K+ L
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T EHEEL T D,
| 0~ 873 | (b) o 873
40 : T 40 | r
T T 25 O ] 773 - 773
R - | ® Vi
= 5 \ 613 x » 0T | X 673 x
>0 8 | e = 20 8 = -
T 20 2 g5 1 573 4 1 50 573 g
= - E W55 E = | E E
a 0 2 = 43+~ 0O 10, 2 1 473 +—
| 75 - 1 75
g = WA B VIS et - 373 4 = e — 313
10 100 273 104 100 - 273
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Tme/h Tme/h

2. 3 RAJRAA CRIEYMF / FHFORE SR

U v A E e Sol-gel IBICTHBR L7cFEiA O Ti (a7 A4 Mgk ) 7 ki % v C, A
PRl - MRS E LTSN TS R AF AT Y LT =K (TMSCN) (k578 7=/ 0Dy T
J VU IMEBOG R LTce £ THIDICHERRBO R/ 2D SITiIOs Z W TS EIT o7& 2 A, lRmED
B RO RIEYERE O ) EAHERR S, T SITiOs_Ne-air 138 b E BB DA RN (85%) %7~ L7-
(Figure3 (@), ZDZ Enb, Xa T AhA MNEEMOMBFIRICI T 2 EREEOREEMEN RSN, S5
2, — B ERER AR 72 & ONC BRI AL & L CTHWSHID 7 4 — & TiO, =° Mg(OH), & HW 7284512
FEAERERET Lo Te—H T, WThO TiGAXe 7 A0A Nk T b ISP HET Lz, KIS#&
T, T8 - PeidZ X 0 [EIX L7z SITiOs_No-air 2 FEEESIZ AW & 2 A, HEENME T T2 2 & 72 < 5 [alH
FIHAIRE T o > 7= (Figure (b)), PA EOFES L0 | ARAEASE AL & U CHNHERET 5 Z L3RSz,

Catalyst (50 mg) TMSO CN

0
(@) 100 TMSCN 1007
| Ph* + ice bath Ph ]
75 75
T 50- T 50
© o
> 1 > 1
25 25
0- TS S S S @
<« & S < ¢ LOv XN 2 o O S > N
ei(b\ O“D/\ & e«»\ éﬁfb\ oD \O\z\ & s 0\&\ 0@\
o & 0‘(\ o 0 & N\ & T &
R M F @ & @ &
) &\o% & Q
%\
3. &EXH

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).
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VF O LAF VEMEBMOIERERTES X2 vILEEDOER & ST

HOR L3R5 ZC b A
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FACKR KRB LS8 FEBIFEA . Aok —

Fabrication and evaluation of compositionally-graded epitaxial thin films of cathode materials for
lithium-ion secondary batteries
by Sosuke TAKEI, OShintaro YASUI, Takuto TOBE and Ken-ichi KAMINAGA

1. HEEM

iR AL « 10T fkiz ZEHM O ENHESICEFE SN TS, HEmE LTREMNRY
%7A4ﬁ/$mW$’uwi%ﬁﬁﬁi\xvﬂF7ﬁ/\/~FPC@B@K<%V%MTw

o TERMICIE, =X —IFEOFTEILRKICLY | BISHEPINEST 2 EBESND, UB®%
@imizw%~&ﬁ YA N ERF O ETH D, —H T, Bt - BERKE - K& - (it
DA VYA 7 NANMET EORBENRH D, T, VT%?”%%T%%CO®E%EM@%£%?6
VF o LA A EIEMmE & LT, Co D2 B ERTHRERTHS Ni & Mn TEELE 3
g% LiNiysMnisCo130(NMC) 23 EH ST b, £z,
ITHE NMC IZDW T, MBI & RIS T NI PR 2 i 2 2 b S B 7o R s & o
ALY &5 5EMEEOR EARE SN TWA[L], L L., BRI SR R DB %
G ATV T RS IR T O D H T, ERMES & BHEHE OB O = B X X o v LER
MEVANTH S, & Z TAMIETIE NMC HRHER T & & % o v WA /ERL L | SRR ORF
Miz4772 > =D THET S,

2. ERRE
FRIEIZ L SOV A L —HEREIE 2 B W 72, SITIOs(STO)(100) % 4k 12 SrRUO3(SRO) R dE R g
Z 50 nm KIE L7005, FEHGEE 520°C, EsE/E 500mTorr, L ——i#@fE 0.57 Jem? DSR4,
NMC ¥J—#HpfsE, NM 2J—HEpki i OV AR 2 130 nm B U 7=, MURBE AR (BAR UP)RRIX
HNAN ) EER SV Z L —FHEREIER2]IC LV A KK LisaNiysMnysCoysO2(NMC) &
Li1,4Ni2/3Mn1/302(NM)0) 2 OOX =5y Ne@mETHLST A Z & TIER LU, FEBUD & IRER f 1l
TCNM;%ENMCkEHﬁﬁnﬁﬁﬁﬁkféi9\¢m+btoﬁibt$%§ ﬁﬁ@ﬁ
MRmkiU\évmtxﬁafwﬂama 0 FFAm L | BRI 1MLP%ECDH:3D ﬁ*ﬁ
Li 4 B # B v T CR2032 %=1 /‘E}V%;ﬁﬂ/\/fiTﬁ IHE L — M RSB R AENE
X0 EHMERERHm 21T/ > T,

3. HBREER

XRD (@4t - w20 -031E (Fig. )75 A UP 13¥)— NMC &¥)— NM IS 7 n— R e
— 7 Zor L. MW Phiscan JIIEN D T E X ¥ ¥ L ENSHER INT-, £72. SIMS ?ﬁ?éjﬂfﬂﬁu\i‘ﬁ
@gaﬂ%@ﬂLP 2B U TR mE A 2> & AN [ 2> 512240 T . Nit OFLARDSERIZ I HIN,
OFMBITIFIE—E. Co DFFKITHIZIZHD LD 2 ERans, kEXy, u#ﬁ©®@ﬂ
ﬁﬁﬁk%ﬁféit&%/kw%ﬁ#ﬁgnt_&@b#otoW%Ltﬁﬁ@ A HLRE I L T HLAE
BEFTHY, WEEOREE T 5,

3. ZEXM
[1] Adv. Energy Mater. 6, 1601417 (2016).
[2] Rev. Sci. Instru., 90, 093901 (2019).
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Development of novel energy materials using atomically thin film technology
by OMinoru OSADA, Makoto KOBAYASHI and Eisuke Yamamoto

1. BARE®

R FHB DRI 2T DR FBEE (2T / >— R 1d, 757 = OWELIKE, MERS:DE
B s —7y FLTHEBINTE YD ORI A IR R TIThivTn g, Fx O 7 —7"Tl,
MEf T ) — N EXIGIT, BRa ZekRk - WEEEA R T v — N ERBEAM., mIRER L, T iR
A OMREMNZIEH Lok L7 o =27 AR ELOBRSE & Lo, &R « =¥ — « BREEREOMRIIC
HETHH LVWEAIR A B LA e LT D, ARERE T, BiEEET 2 o — FOBRR= X
X —EER AN OB E B LI aEn 72,

2. IERE
2.1. RELT7 Yy TEREMORFE L EBREHILEY~DERH

2T/ > — NI, @B - A A UBENE, R, EME, A & RO S TR EL -
R ST E AR AEEORBNIG S, L7 bo=s 2 BEE - TR PEER OB ORKE
FET L —XENE LTORT vy Ve BT 5, LnLans, {EkoF /7 — MEEITIE, IR
(LEMOFHBEE WD by THF T UFEMIFASNTEY . 2R ELZA L, IGH EEETH 5 IE=IR
ML EIITEA TE . BONAME BIED T4 7TV —IZRES N T\, ZOBBEITEE L.
Fex DT N—TTIE, B RLT v TEREIROR% & FEERER LAY ~DO R ZED T\ D, Bl
B> 7 >— MUz T, BEERO R EEERRG S 2R LR S A7 v 7E iz L, 7
TNT 7 ALY B EOFEIRBBIC DT ) >— MERRICEZI L2 Y, )5, AR OTF ) — b
ftizix, 77— raEEZT T L= LTRIAL, B, Mk, s RS ICHE L CEmRT 58
RERIEERR L, ZOFEICEY, TEMCEE LB ERUICHE L, Tios0, 7/ > — b 2§
ELTKER 7 m 2 A28 D 60°CE W ) EIR CTHALK T8 E DO E A% F 4 % BaTiO; 7/ ¥ — D
BRI RRE Lz 2, R O#5 R, s8FB BN 7 3 IS 322X 1.8nm OF/ v — hET
HEFF SN D Z L 2R LTz, HAATKRF 3 80> BaTiOs s BT, HYEE L CIIR/DDFEETH Y |
AR 1T D B R DRSS T R A A D/ N ICEE R R 2 52 5 b0 L HIfF S D,

FREOR NLT v TERIEICMA, VR y MORE, #BEF 7 >— MO EEIZ S ED $H A,
NSOGB E &SR, b, HE7 =4 RICEAT 2 Z LT, ERARBHETH -T2 T
LoUL DX D PAd T/ v— b, RuinCo0xy R 7 v bW7e &, JR&Ei7e T/ > — MR EZER L2 3,

2.2, 5/ —MEMIZEDERE - TRILF—MHORS

F I — MR TR, B SHEDT ) — 2T r v 7 IC L CA LB T EERG 5 2 LT,
DDA Y A —)VTIRIE, s, MEIE, 2SR ARG - Sl U7 MR B AR T D T L N ETRE L e
Bo T 9 LIEHHIT, BEHEEC~T 0B 0MBERBLOBTHLE T 31 A, BRIE » TXLX—H
BIOBBICAENNC D bDEEZOND, BADITNV—TTIL, F /7 v— MOWBERBBEINZIEH L.,
FERE R 7 A A A NOKBGEML, SEREM, S2hEE A SRR 07 & OIS I LT,

EHIC, F /U= FOFHLWEHE LTHER LEOR, FEBIET A 2 TH S, ME OFHEMR L kHE
ERBAN @G S, 777 2 0o 2 RTWE TIEFEBLTERWEEERT A ADBR 2 LT,
N T ADA bF ) —MIER L, FEFEOF—2= > N THHEERE/NEEK (NbOs /\HK)
ZEFETHEI L7277 > — F (CasNay-3Nb,Osper; m=3-6) ZFIHT 2 = & THEENED E L2 %2
FHLL | JEE 10nm LA T ORI Cheim OB ER A AT 5 SEERERRZ Ol E o v T v b
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HEHT A ZAOBFRBICEB Lz (K 1a,b), SHIZ, X7 ABA b/ v— haBET A RS
M3 22T, BUTOFEERF v N X OMERIRAZ 2L, U F UL REm, B EHEY v/ v
VBT 2 @ W RV X —EE (174-272T/em®) ZFHE L7z (K 1c) 7, Fex MBI LIZHEERYT v
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Development of Aerosol Virus Inactivation Technology Combining DUV LED and Fluid Control
by OTomomi UCHIYAMA, Kotaro TAKAMURE, and Yu MATSUDA
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Development of hard and flexible phenolic resins for applications of biomaterials
by Chika HIEI, Kazuki NAKANISHI, OGeorge HASEGAWA, Yuzuki EDA, Soichiro USUKI and
Masakazu KAWASHITA
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Synthesis of porous ceramic particles via phase separation strategy
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(1) G. Hasegawa et al., Topotactic synthesis of mesoporous 12CaO-7A1203 mesocrystalline microcubes toward
catalytic ammonia synthesis, Chem. Mater., 30, 4498 (2018).

(2) G. Hasegawa et al., Hydrogarnet-Derived Porous Polyhedral Particles of StFeOs.s Perovskite, Chem. Mater., 35,
6423 (2023).
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Annealing temperature dependence of magnetic properties
in FeCo ordered alloy thin films fabricated using the nitrogen surfactant effect

KT B RFARKAME « & 2T LSRR O HT A4
by OToshio Miyamachi

1. Research Object

Large magnetic anisotropy, large magnetic moment, and high Curie temperature are essential for the
development of practical magnetic materials. Magnetic materials currently used in magnetic memory devices
and other devices are mainly made from rare earth elements and other rare metal materials. Therefore, 3d
transition metal ordered alloys with L1o-type crystal structure having large magnetic anisotropy, large
magnetic moment, and high Curie temperature have attracted much attention as rare earth-free permanent
magnet materials. Among them, L1o-FeCo is predicted to have large uniaxial magnetic anisotropy, and many
attempts have been made to induce uniaxial anisotropy in the L1o-FeCo phase. Using pulsed laser
deposition, the growth of FeCo thin films with alternating Fe and Co atomic layers was investigated [1].
However, the L1 structure is a non-equilibrium state of the FeCo phase and hence the method for achieving
the out-of-plane magnetization has not been established. The main bottleneck for the fabrication of L1o-FeCo
is the disorder at the Fe/Co interface during the growth process, highlighting the need for microscopic
characterization of the structural, electronic, and magnetic properties of L1o-FeCo.

2. Experimental Results

In this study, FeCo ordered alloy thin films in the initial growth stage were prepared using the nitrogen
surfactant effect. Alloy thin films of Fe and Co were prepared on Cu (001) substrates in ultra-high vacuum (<
2.0 x 107'° Torr). Sample characterizations were conducted by low-energy electron diffraction (LEED). First,
the Cu (001) substrate surface was cleaned by a cycle of Ar* sputtering and annealing at 720 K. Next, N*ion
bombardment was first conducted with an incident energy of 500 eV onto the Cu substrate and 2 atomic
layers of Fe were deposited at room temperature (RT). Subsequently, well aligned Fe2N/Fe were grown on
Cu(001) by annealing at 570 K. Sharp LEED spots with p4gm(2x2) were observed for Fe2N/Fe at this stage.
One atomic layer of Co was deposited

on Fe2N/Fe at low temperature (~150 Cu,N J Fe,N ‘ CoN @ N
K), which results in the formation of l l o ‘ Co
CoN/Fe/Fe/Cu (001) via the nitrogen : -y \) Fe
surfactant effect as shown in Fig.1. ‘.,_‘f =:/

CoN/Fe/Fe/Cu (001) was then : 3 Q Cu

annealed at 300, 570, and 670 K. The
annealing temperature dependence of  Figure1: Schematic model of the fabrication processes of CoN/Fe/Fe/Cu(001)
electronic and magnetic properties via the nitrogen surfactant effect

The correlation between the structural changes at the interface of CoN/Fe/Fe/Cu (001) and its magnetic
properties upon sample annealing treatment was investigated using LEED and x-ray absorption
spectroscopy/x-ray magnetic circular dichroism (XAS/XMCD). XAS/XMCD measurements were performed at
BL4B in UVSOR by total electron yield mode with circularly polarized light atB=0-+5Tand T=7.9 K. The
circular polarization of the incident X-rays was set to 65 %, and the XMCD spectra are obtained at the
normal (NI: 8 = 0°) and the grazing (Gl: 8 = 55°) geometries. Note that 8 is the angle between the sample
normal and the incident x-ray. Element specific magnetization curves were also recorded by plotting the Ls/L2
Fe and Co XAS intensities as a function of the magnetic field. The XAS/XMCD measurement system
includes a UHV sample preparation chamber equipped with LEED optics, from which the sample is
transported to the UHV measurement chamber.
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First, we discuss the results of the LEED measurements. For Fe2N/Fe/Cu (001), a sharp p4gm(2x2) LEED
spot was observed. After the deposition of Co at low temperature, the intensity of the p4gm(2x2) LEED spot
was decreased, while the ¢ (2x2) LEED spot became stronger. This suggests that the proportion of Fe2N on
the surface decreases and that of CoN increases accordingly. Furthermore, upon annealing at 570 K, the
p4dgm(2x2) LEED spot weakened further, and the c(2x2) LEED spot became more prominent. However,
annealing at 670 K the intensity of the p4gm(2x2) LEED spot is recovered. We assume that the Co-N
bonding is broken during annealing process and the reconstruction of the Fe-N bonding on the surface
occurs.

Next, we discuss the annealing temperature dependence of Fe magnetization curve, which is obtained by
plotting the XAS intensity of Ls/L2 as a function of magnetic field (see Fig.2). We find that Fe magnetization
curve of Fe is greater in the Gl geometry than in the NI geometry, which reveals its strong in-plane magnetic
anisotropy as previously reported [3]. No remanent magnetization was observed for all the magnetization
curved recorded in the NI geometry. Adding 1 ML Co activates the nitrogen surfactant effect [2], leading to
the formation of CoN in the topmost layer (CoN/Fe/Fe). Accordingly, we observed an increase in the out-of-
plane magnetization in the Fe magnetization curves. The perpendicular magnetic anisotropy of the Fe layer
is further enhanced by annealing at 570 K. At annealing temperature of 670 K, while no recognizable change
was observed for the Fe magnetization curve recorded in the NI geometry, the decrease in the coercivity
was observed for that recorded in the Gl geometry. Taking the annealing temperature dependence of the
LEED pattern into consideration, the enhancement of the out-of-plane magnetization by annealing up to 570
K could be attributed by nitrogen-surfactant-assisted improved ordering at the Co/Fe interface, which is
characteristic of L10-FeCo. At 670 K, surface N atoms start to desorb, which induces the interdiffusion of
interfacial Co and Fe atoms and consequently lowers the coercivity. It should be noted that adding one Fe
atomic layer on CoN/Fe/Fe with annealing treatment at 570 K, i.e., Fe2N/Co/Fe/Fe further enhances the
perpendicular magnetic anisotropy.
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Figure2: Magnetization curves of the Fe layer in Fe2N/Fe/Cu(001) and CoN/Fe/Fe/Cu(001) annealed
at 300, 470 and 570K recorded in the NI (left) and Gl (right) geometries. The Fe L3 XAS peak intensity
normalized by the Fe L2 one is plotted one as a function of magnetic field.

Surface and interface structures and magnetic properties of nitrogen-surfactant-assisted FeCo ordered
alloy thin films are investigated by LEED and XAS/XMCD. From the LEED observations, changes in the
LEED pattern from p4gm(2x2) derived from FexN/Fe on Cu(001) to c(2x2) are observed by depositing
atomic layer of Co, reflecting the formation of CoN on topmost surface by the nitrogen surfactant effect. We
find that the c(2x2) LEED pattern becomes sharper at annealing temperatures of up to 570 K, which
indicates the increased proportion of the CoN lattice on the surface. Additionally, the XAS/XMCD
measurements reveal the increase in the perpendicular magnetic anisotropy for CoN/Fe/Fe after annealing
at 570 K and further for FeN/Co/Fe/Fe. These results demonstrate the improvement of magnetic properties
by using the nitrogen surfactant effect to fabricate FeCo ordered alloy thin films. It should be noted that FeCo
ordered alloy thin films fabricated in this work still exhibit the in-plane magnetization. Therefore, for future
perspective, we will aim to stack Fe and Co layers to fabricate high-quality and thicker FeCo ordered alloy
thin films with the help of the nitrogen surfactant effect toward achieving the out-of-plane magnetization.

3. References

(1) H. lto et al., AIP Advances 9, 045307 (2019).

(2) K. Kawaguchi et al., Phys. Rev. Materials 4, 054403 (2020).

(3) K. Kawaguchi et al., Jpn. J. Appl. Phys. 61, SL1001 (2022).

(4) H.F.Li, Y.B. Wang, Y. Cheng, Y.F. Zheng, Mater. Lett. 64 (2010) 1462—1464.
(5) Y. Takahashi et al., Phys. Rev. B 95, 224417 (2017).

P-54



>< A
ﬁﬁ‘%‘ﬁ%?&%% — ﬂeseor@nhxresult report - =

Research result

SYEF L BREE « AL —APE B

T/RFEBICEIREMBE LD D THEMORRE
AR FBPEL « AT BRFGERT O/MEES, FREDIEH

Study of environmental catalysts and sensing materials
by integration of nanoparticles and substrate
OMasakuni OZAWA, Masatomo HATTORI

1. BARE®

U TIF ) LoV ORRRL - L0 72 HEREMIE, @B E, EEk, TN ARE - BEHR EITED, &’
B b O 7= O OfER Bt > v v TSR AT G SN EAM E L ToFEAME LT D. S big, &l
DIEMRLEIVE LS, Ny 27 v TREK L OMBEDEEITZIE, BRI =— XS L S ERE s & L
THHBERICHKOMT 5 2 LR TE 5. AWIZETIE, TGRS X9 RBRLMELEAEE LT/

RLFERRM 2 T, ERME 2 A9 2 BRETPEREN DB 2 HEdE L7z,

2.1 ABSTFEEMICIIBKEHEMEBEAR LV UT

T4 =T A MR ATA MZa v b7 a v =T U EaBESEL 28Ik, KRAT Y —ITE T
LRUKMEEA T A4 NORNKEICRA 72 by o RENME (BOKYE) Mt 5-3hiz. ZoEEHREHWTHE
NS o Z =% DR WERBEAGREIL (RERY - KR) BEa— MECK2ERER 7o 22 HE L, B
ﬂ&€ﬁ74%ﬁ@mﬂ%#%ﬁﬁbt.éBK,:@ﬁ%mmﬁ%%L WIS D2 Eic kb, mM
(Quartz Crystal Microbalance) &% —Z{FR L7z (Fig.l). B ¥ —IiZZBA &5 L TREZRIC
MINTE rEEREHEZ L TEY, Zo® P —07+— /'\74}‘4' UL AHT A ML DZER ‘:F‘}\/I/:J:
I A DY AE AT LD BOERR e 2 R T 2 & AR L7, FEMME 11, BUKMED 7 4+ —Y v a0 MU
IR EAER L7220, RBFETIE, B4 74 MEREOKEZ 1A NEARE & NEE TOIEMmES
WA M & D RFOPEE S ER S Tz
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Fig. 1 An apparatus for a quartz crystal microbalance (QCM) Amount of coated film /g
experiment used in this work : (a) a real and schematic structure of Fig. 2 A relationship between the change of resonance
QCM, and (b) a measurement system and sensors. frequency and coated amount on QCMs.

2.2 F/RFCOBERIIZCKD UL U THEEL FEMHDORER

Pt/ M Z R E L7 AR B2 CeO ki & i SE it o —2ER L=, Zo'¥—1%, HH
D CeOx B FHRKEN D2V, REBURRICEEZ R LT, Fo, JROWEEHRS \J—TT{’E%JLK (R LTREEH
L odLRBFZE, BT . F72, a7 v ARBR ) T O a s T OUEERRICEI L T H R L, =R
FHE DA S IZ BT D4R DB G-I DWW T HAFFE L7z,

2.3 F/HFOHEREIZLEEZPMBEILT A IILE—DRFE
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FUA—BNZ DR ) o D AT E ENAREE TR E LT T 4 F 2L — v A —
(particulate matter: PM)IZ, RALKFTEDORFERIRBERFZTEAET D RFBEMBIF ) THDH. PM25 Kb H
NS BRI EN D720, FELWERERGIOXIG L 7e o TS, ek, BEhEZICHET AL 21T 5
A &AM AR S, B RIS R A T U —Z2 a— F UEER T 5 2 & TRl Z2 B+ 5. LW
R8T CORMICIIMEE D LHANR EORN G H D720, TSR 5 HEAIRE O @O ER S b BT o
FRITAHTH D, AT, HLWT 4 VX —HMIZA v ¥ 2 ROMEER(SUS316) M 2 vy, 7 o
VA — BZiE, PM BRILAREE E U COMBEZ RSS20, 7T X<k z AV D Ni-Pd RO B
MR HIEERFI L. 7 2 v 7RIS TOMEICRRO BEEOE W PM i - LA O E L
THHTOHD EEZXLND. (i, LR R TR L OB & OILREIIFSE, BI& CReFHIRE)

2.4 F/RF/EMBEESELLBESEET AR SLARE

TiO2 X° CeO2 72 EDF R+ FIH T 2 BRER LA I 2D L Ry 7

ZVER OFIMEN B IRWVSHABIFE SN TN D, — &I, MR

K ERCIRBIRED D OB OB T o 28 E b, fBfERO
REUIL T v ZAMEFER S D, T R o, ThBEHOE
WEEDIZITHRGEM) R iE COMEITEKTT 5. £2C, LoHEE
N7 Ea o ERL L MBI B4 B L C, HIEOHEAM (B kic
S ECRER 2 EARR 2 ) R RS & b ORI OV TE D NOx
BLOEREAHAT A (VOC) A LiliEERE 2 5E LTz, ~ A T (EFRD)

DA VHE—=H L —a b NIRERREZFA LT TiO-~v A I
AMEER L. 20k, HBHEL, ~A BHEM EIC Tio, NEHT IR
BED TiO-~ A B A (F8L L7 (Fig3). — oAbtz o7+  Fig3 TEMimages of TiO>-
N7 ATF b RS LRE 2 T2 L 25, YIRS FCRAF/APEREZ 75 L7-.  mica composite photocatalyst.
(—FB, FRKEIRBER & OIL[FFSE)

2.5 ERASAMNOFEL-KEREMN - HREILHEEH

BB T A ZresPdss IFIKFEWRFHEZ R S 7200, ZEIRL LB A I3 R KBNS 2R, K
WFFETIX, Z OFFEICE B U CTEAHEREIEC X 2 Frtkm Lo 21T 572, PCT JIEIZ L 0 KBV FRE
ZETAE U 72, BRI X 0ok S E ST L2 BHE DWW Tk B E 2= L, PCT #ifins bRk -3
F YU 5 1 mol Y72V DKBEEMREIL ZresPdss TS VERIRF OBULB SR ITIRAF LTz, & UTIRWKEET)
TEHI CKBRIRRERDOHE KPR OND LW MNR D 72, Z OMEID 800°C TEVLELZ1T - =3B T b A
W Eh & s LLEMEICENRTW D, 26 OFEN PAO F1-Pd & B MEEAFIZ L D Pd E0 B ZrO2 AR D
MBI BIN TV ZERNbh otz ZOXIRERY T A0 LiEE U /KBFHEREMIT, Bk
F o WA, REKFE OV « B, IETEROS T A DOHEGH & L T R —45 8 TR T X S A hekE
BNHbHEZEZ TS, £z, Pd HUREOLEMNZIEH LI b~ IS HIZ DWW T HRET L T 5.
(AL R InE#d? & oL FRINF)
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Development of Mixed-Anion Compounds
by OMakoto KOBAYASHI, Eisuke YAMAMOTO, Minoru OSADA

1. BARE®

BN RS B HHERED @ b T O AL, BB ZERI OIERB RO 5N TS, HERE AR
BHZBW I ZNE T, ekl Lot Do EBIRE M Th., e BN R &h T
72, ZRHFOEE, ELTER & WV o T RETEIROBHEAED G T\ 5, AR TIE, Rk E %
fMleLT, 2HUEDOT =4 2E50EET =4 MbEMICEE Lic, E67 =4 1bEW T, k<
370 L 2 2 DB SR S E A O D720, 2 E TIChWFFRARE TSR L O ICER T 2 &
HEEZ BT D REMERH D, AFEIL, (2.1,2.2) BEAMB L OB T AW T/ > — N OAERK & B A&
fili, BEO, (23) FrEALBNERE 26 3 2 OB % i L=,

2. MR
2. 1 BEEFIVF/O—bODNRRIS=TYVY

R LAY OFBEC L VSO NS BT ) > — ME, O F LV OESEZR O IRGTTMEITH D . i
KDTF B LT A BT R T A L THER R TR IR RS TV S B2, TIE TICHE S
NCTETF /o= OELTH T =4 MW ThY | HET =47 /7 v — FORITREFEIR TH -
oo BALTZ ) v— Nid, BRI/ o — FOHR TR KOFEREZ TR E, MOt E2 a3
D2 EDMBIRIASAIER STV D 24, HET =F Mbobist e LTUIZNETIZ, BikF2 o7/ o—h
DOHEEMETH DL E R at A MIF ¥ UM CsocaTitseHo160s (O A F AU KE) 27 =T i@
TIENT 5 Z & TYE L 72 Cso604Tir84J0.1604-N, OFIBEIZ L DEEELT X > F ) v — FOERBHE ST
WD, S ZOHETE, BTNICEAINDERRITMBEICKT LT 3.6 %iZs EEFoTW0n5D, AHFFETIL,
Cso604Ti18a000.1604 & 0 SISPERN B W EIRT Z Bt Csi5TisO11-H20 & HBEWE & L THW=ELT ¥ o)
J v— OGRS E R T, FFEIC L0 AR LT CsisTisOn-H0 % 7 =7 il ., 1073 K THERT 5 & |
Ve N7 at A NMUTFZ BB~ LB Lo, ITNEMCRIEERER ITIRE S HBEZ1TS & JEA 1.5 nm,
FEIE 1.5 um x 0.5 um DOF / > — b 3G 572, Nls XPS AL
RVTIE B FNEFR 2 /RT 396 eV (T — 7 BNEE I N Valence Donor Conduction
ik, BEATH T )= NOBRBICHRII LIz & vz
Do Flo, XPS A MANLERBEZHIED D & BBRITH
LT 87 IZERMNEAINTEY, fERED2E Lo%EHR
BPEALTEMENT X T vo— FnEoivz, EFREANS
) — N DEFEEICG 2 DEEEZHLNCT HT2DIT, b
WEAICER X OWOLE T iEE2 W IcliEFHd KOs
BKOIREEEDOFL 21772 2 A, itk 53 ¥ ¥ )
v OB, NN OFRB LT =L I HERLD 72 4 2 0o 2 4
H itz (Fig. 1), ZAUTZEFR N2p WuBEAMlE 7 & K —% Energy refaiive to Fermi energy / e
WAER LD LIt LA b0 EEL b, BEOEAIZLD . Fig. 1 UPS and LEIPS spectra of titanium
- e e . -~ oxide and oxynitride nanosheets.
W E AL LT 2 R S T,

— Tio.9101.64No.16 (This study)
— Tig.9104.93Ng o7 (Conventional)
— Tig,0,

Intensity (arb. unit)

2. 2 BIvtWROTRAA +F/o—FDER

7 ofbid, BREMEENRKO 7 vFEE2ELZ LD, BRREH#EE2LH 95, LLaRb,
7 AR T ) v— FOBNEE 1TV, 2 TABIZETIZE T, B ¢ 0T ke 7 A0 Ak
F 7 v — bk SINDOF % X— R & LTz F A4 E#HRT 7 o — M (CaiSr)(Nbi—Tay)206F DAk & % DFE1-H5
R A2 i 5 2 & T, WEIRRZER OIERZ I > 7=, BEFIEIC XY &6k L7 CarsSt)(NbiTa,)206 & RbF
HOGEICHEZEEE L, BT D Z & T2 7 25 A k Rb(Cai-Sty)(NbiTay)06F 1372, Z iz BEwH ¢
WROHIBEZ TV, /v — haa A REREZFAR L7, St(NbiTay)206F 5 K UN(Cai-Sry)Nb2OsF DFERKIC
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T, TRTOx LRy IZBWT, JEE 1.5 nm F2EDORE 7
oAb Xa T AT A N F ) — FORRICEKE LT Z & &2
FEHEIZ XV #ERR L7, SI(Nbi Tay)20F 7/ > —hanm A K
W OWIL AT "IV OSEH BBV X,y OINIEE MK
EMKy7th(mgmo&W®¢%Lw@m%A/%%
Yy T ERRMG D& MITE Y | 4.09—4.58 eV O Tl
HIFRE T o D LR D, SrTarOF 7/ ¥ — MIZHBIT 5 4.58 eV
EWVOfEIE, BEfFOXa T A A hF ) v— bR TIEED 27
REV, WILART FUZBWT, N R v v 7RI KD ———
R THE SN DB DR E 2R E & L TEem 6 20 0 Wavelength/om 0
ExATO &L TP BIRE STz, HERILEW TIZRERDHE  Fig. 2 Absorption spectra of St(Nbi—Ta,)2O6F
SeldEBER I N oD . ) v— MElc kv E 4% nanosheet colloidal solutions.

ENEL L, BERNEM SR SN b D EBE 2 HiD,

o

Normalized absorbance

2. 3 BEELYIIHTIHELERBORR

FER BRI E THEZ AT bW ORI A, Z
TICEHOFHBE ) E AL CEz, ZOF TR L
CasxY3:Si7015:: N5 TR I B 7 1230 & L THkEE
T5 CHMRIGE L& 2 A, 2REORENBIE SN, C&D
FEIIE, AL5d BRIZE DL DO TH D20, FEEHEI AN BR BT
M WEEZIT D, ZOMEMTIL, Ca¥'e YR T 4 A4 —4
~szo@ﬁ4h%£ﬁbfﬁb\::Vc@ﬁ%@fé&%
2 BT, L7b>l,7‘oc7b§f‘o%if*£€€fl:%cto“ —JFHEFEND
CENI—H DY A MUTEHR I NN LIRS, ﬁ?éné
%%ﬁ\£&620®#4b ICIEH ST C MDD DOFIE LT

BB TE RN Elbhotz, BFBEHEICK Y, K FEe e O ﬁof, o e

HERE O Bl L S0 THESMRAT 247 5 & . RERFI0IC 5729 ¢ 1+ Fig. 3 CIE chromaticity coordinates for
ThoTh. BEHNC R AR NEIE LTV A 2 & R S emission spectra of Ce-doped samples.
Nic, TRbLARIEAEWTIE, ERmFICEMZRY A FTho T2 AT 5 CSTIT R DM
WET, ZOFRER, CENOLO 2FHORNPBIESNTZLE W D, ZOX ) REERLBEEAAET 52 LT,
AEEWIX, CHH—MITEIEAE L THIOREEEEB L (Fig 3),

3. SEXR
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Tailored synthesis of inorganic nanosheets using solid-state surfactants
by OEisuke YAMAMOTO, Makoto KOBAYASHI and Minoru OSADA

1. BAREH

757 2 ARFESNDIREFIE BT/ > — MIZJRF LV O S & Zkon T /ISR U7 fR e
REREE e ENHIRMROE 7T A A, ZRXVF =GB CORANPIFRESNTND, ZIRITEMEIO S 572
DHHERERBIIRICIZ, F/ v — FORHEOILRNEE TH L3, (kDT /7 v— M ERICIZEIRIL & OBk
DR SNTEY ., BoN2MBRILEERBIRYE T 2{LEMITRE ST\, 29 LT, &
VT TR E 2 TR L 2R W IR RIE A DT ) o — MEPSEEERICELEED TWD, B 26
LTH, BILHST X VBN U LR EOFRAMEDZ L BIERRILEmTHY . 7/ v— Muicky =
WM BLOATEEVEIZ KR & S IEN D, UL, EBIRILAEMZ T/ v — ME L, WESRFHT 2N BT
RIZICHSL SN TELT, HILOLWTFEOHINLEENTND, 29 LEEFT, Fx xRmiErs MEk) %
L L TCRHWD, Filo/et /) o— MEGEHERZERE L C& 72, BEROFEEHAFESIT. ZOBEICRE S
NG REE W LT-kk 2 72/ o — NEEMRATRETH V. T E ClcFkx 3 fattasr/ v—
L RTE'NT 7 AV I ) — 2 PRk S ) — PR EER L TS, AR T, ERO R miEt:
AfEREFH LT ) o — b AROEIBRDEAE LT, 7TEAT 7 AV Y BF ) o— MNEAGIE % Fi L
7o I KER MR D T BV T 7 AR A T L KBRE T ) v — P ARRIC bR LT TG 5,

2. HIEmE
2.1 FELIFRAYV)AF/ O— FDOEHFITH
INETIZZ 77 FRUTTCHEKE LT @

TE9 % A A LR SETE PEA O 5y ORI ® L Cufr
T, 7 b7 b H2 T A(TEOS)ZIRINT 2 ot O Fon
= L HBHBERTIER T €T 7 AU R A
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FRDSHERS S VT2, K IRE B RO R ALEE R 12 Dz 2 v A ROHBIRD AFM #1235 513.0.9 nm (C1sEO2),
1.5 nm (Ci6E10). 2 nm (Ci6SorbEO2)D 72 5EH DT E/NT 7 AL VU J1F 7 — b Zfs8 L 7= (Fig. 3(b 1)),
JEHDHNBE UTAEERZEDOTNY 6~10%FEE TH 722 225 (Fig. 3(b F)). £ 0.5 nm AL TO
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o
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S ERIE O E MR LT, o, S REIEER O LFEREE O L & . BUKEDO A AN K E W Fmis
MHRZRAT 52T, TVEVWS—ERELNTWD Z ENSholz, ZHITEERFEEER T OT A F
JERICE ENDKEDELDBKEEILITHML, 7 A TEEEHERET2T7ELT7 7 A BT/ — b
DEHZLEENT 572D TH 5 EHERS D,

2. 2 TFTELI7RAEREBEY/AFIKEEYMT/ o—FDERK
TEINT 7 AF ) — KNI, £
DR RO D | s @) M PENLT P RFIS—h

&
F ) — h B IR HHERE A S Nt P |

HtaZ enmbnTnsg, L .__j k. NH,(humid)

L. S TSR Ak W 5, =
SN TEIREMET v — 1 & R A, _ a8 4!L£!
Wi 5L, TELT 7 RS v VIDpORISEE = T
— b DA BRI R SN oo e o
AR FIEICRE ST, FEE : N
PHEAKREZIEA LS, v— (B 1o (e)
NARTIEIE, K 72 UoEL S

MEARTHENRFIEL LT v
MHNTWD, 3 L, fiEko

RETEMEA &S L+ 5 FIET n

L R REHDT ) — b
DELNDHERIT, BRSO TV e, :
ARAERE I, [E AR O S S A {ﬁﬁ

AT D 2 LT, e ik — \ 0 o
DTENT 7 AF ) o Fop Fig2@ TEVLT7AF) 2= ORRIE TELT 7 A

FBE LA e L. R 7 L/ v — F D(b)AFM {RF X U(c) TEM &

TEMEAIRE I, ARG A A OKER & FmiEHAKIER RS LI2ZIC, SoniohmRaiEssZ &
THEMR L, 510, ZORmEHAIFEEE T B =T RG TS % 2 LT, BRI TEBIRLY/ A%k
AL D7 7 A X —E R ST, BRI, 1557 FEIETEA] & B bW/ 4 % 2 KBIL OE A IR & Ry
L7 I NITIREL, MBVLELZ 325 2 &L TT AT 7 AWAbin/ 4% 2 KB > 7 2 — b &R L7 (Fig.2
(), WG L LTH Y 7 L Z WA BRICHOWTRT, XRD HIES X0 REEER-T Y 7 2 EAED
R ER L, BEAEREIRRT V=T KRS 2 Z & CTRREICEET ) U A7 7 22—l d 5 2
L& XAFS WEDRERNOMER LTz, ZOT BT KRR GOFBEZ RV AT I RISz &
Z A, AFM #B1£4(Fig. 2 (b)). XPS . TEM B£(Fig. 2 ()T LY. JEH 1.5 nm O T E/LT 7 AL ATV v
L v—IRBlESNT, ZOF 7 v— NI BET Y LT TALZ =R RV AT I R CHEE S
ftiem & I ZWRGC B L CTAER LI EBE SN D, £, T U AU OERA A4 L LT, AP, Cr,
Mn*| Fe’*, Co*, Rb*, In¥ZHW=GAICB N TH, RERICERIL-CoKBILH O T TNV T 7 AT ) o— b
EERTHZ LI Lz, BLEXY | BEAEEERE W7 'L T 7 2F 7 > — OB EGKT
AWML LIZEE 25,

WAL

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
Thin Amorphous Silica Nanosheets, Small, 19(22) 2300022-2300022 (2023).

(3) Z. Sun et al, Generalized self-assembly of scalable two-dimensional transition metal oxide nanosheets Nat.
Commun., 5,4813 (2014).
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Development of high-efficiency thermoelectric conversion devices based on spin caloritronics
by OMasaki MIZUGUCHI
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(1) M. Mizuguchi and S. Nakatsuji, Sci. Tech. Adv. Mater. 20, 262 (2019).

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

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

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

(6) K. Ito, 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).
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Development of Large-Scale Integrated Si-CMOS Micro Thermoelectric Generators
for Energy Harvesting and Sensing

BRERT: T/ « T4 7RAPFErERE

OMd Mehdee Hasan Mahfuz. #Frifaz . ZEREMOR. FAAREME,

M HEAF

by Md Mehdee Hasan Mahfuz, Shuhei Arai, Keita Kuga, Takeo Matsuki, Takanobu Watanabe

Abstract

This research presents large-scale integrated micro
thermoelectric generators (TEGs) consist of Silicon-
Nanowire (Si-NW) without forming cavity beneath the
substrate using a standard Si-CMOS technology. No
cavity on the substrate provides a steep temperature
gradient through the NWs opened the way to increase the
output power while maintaining low thermal resistance
of the device. The device utilizes medium to large-scale
integration to demonstrate scalability where the 70668
units of integrated device exhibit a prominent heat flux
sensitivity of 465 mV/W.

1. Introduction

In recent years, there has been a growing interest in
analyzing unsteady heat transfer phenomena [1]. Precise
temperature monitoring is crucial for effective thermal
management, but heat flux measurements have underutilized
[2] due to the limited sensitivity of conventional heat flux
sensors with low-tech, as well as their sizable impact on the
measurement target.

However, the superior TE performance of Si-NW [3]
may change this situation. To date, CMOS-based TE power
generator applications have been pursued [4], and the
development of a cavity-free device architecture [5] has
further opened the way to obtaining a large power output
while maintaining the low thermal resistance of the device.
That feature is suitable for highly sensitive heat flux sensing.

In this work, we fabricated medium to large-scale
integrated TE device using conventional Si-CMOS
technology, to demonstrate the superior heat flux sensitivity
and scalability of the miniaturized cavity-free TE structure.

2. Experimental

The cavity-free TE device has fabricated on the SOI
substrate. The thicknesses of the Si substrate, the buried
oxide (BOX) SiO; layer and the top SOI layer were 745
um,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
7.5%10% 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/AICu /TiN/Ti, was
formed on the Si-NWs and pads. The 1st Al layer, 200nm-
AlCu is for transferring the generated electrical power, 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.
A stage of the device consists of 250~1000 nm length and
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0.1 um width of n-type 120 thermoelements which is known
as unileg-type device. Besides, there is another type of
device known as bileg-type device, where a stage consists of
n and p-type thermoelements. Details of the device is shown
in Fig.1. The medium to large-scale integrated devices has
144~70668 units in an area of 5 mm x 5 mm. The hot-side
electrode including the heat guide layer was heated by
attaching a heater on the top of the device, whose
temperature was maintained at 25~35°C. The schematic of
the heat flux measuring process is shown in Fig. 4. In order
to maximize heat transfer and reduce interfacial thermal
resistance, thermally conductive sheet and paste were used.
The cold stage was maintained at 20 °C by a Peltier cooler.

3. Results and Discussion

The performance of the medium-scaled TE devices
was analyzed at various lengths to evaluate scaling effect.
The device footprint decreases with the shorter Si-NW
length whereas the resistance also decreases. In contrast, the
open circuit voltage (Vo) increases with larger length of Si-
NW (Fig. 2a) due to larger thermal resistance which causes
larger temperature difference across the NWs. The areal
power density defined as (Vo24AR): A is the device
footprint and R is the electrical resistance, was improved for
the shorter Si-NW device despite the lower Vo due to
smaller area and resistance as well (Fig. 2b), which means
the TE performance was enhanced by miniaturization [6].

With the constant size of length and width between
thick and thin HG with different ILD devices, the thicker HG
with the larger ILD increases the distance from the cold side
region, suppressed the heat flow injection into the cold side
end of Si-NW causes more temperature difference through
the NWs, consequences more output voltage (Fig. 3a) The
height of the heat-guiding metal has a significant impact on
the TE performance Fig. (3b) [7].

The fabricated large-scale integrated device
comprising 70668 units of unileg type device shows a record
sensitivity of 465 mV/W [8]. The sensitivity was normalized
by dividing its output voltage by the externally applied heat
flux and its applied area (Fig.5). Benchmarks of various heat
flux sensors are shown in Fig. 6 [9-16]. The sensitivity of the
heat flux sensor demonstrated in this work exceeds that of
other sensors produced thus far. As the integration density
can be further increased, such as by reducing the contact area,
there is still significant potential for improving the
sensitivity of the Si-CMOS heat flux sensors.

4. Conclusion

In this study, an integrated device with a cavity-free structure
was demonstrated, where the device utilizes 144~70668
units of Si-NW thermoelements. The fabricated device
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shows the highest heat flux sensitivity as compared to other
sensors. The miniaturized integrated device with short length
of Si-NWs and high HG layer should be considered to get

improved TE performance.
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Fig.3. Thickness dependence of thermoelectric
performance at AT=5K (a) Open-circuit voltage
(Voc)(b) Power density [7]
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Fig.6. Benchmarks of the heat flux
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Surface structure formation to improve virus inactivation functionality
and elucidate the virus inactivation mechanism
by OKeisuke Takenaka, Yuji Sato, Masahiro Tsukamoto,
Tamaki Yoshida, Nobuhiro Matsushita, Peng Chen

1. BAREH
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WCHEBRT D2 EMBAE RO TV D, MgIIHE « VA VARELIERZE T MBI ChH Y Fifilan it o
ANARK LTHEENTHD Z ERDD> TS, HORETITV ANV AIL 4 FERNZ E LNEME 2 HERF T
RNZEMDPoTEY, AT UL ARRELEE LT 120 LLTOMRMTH D, REEZEOANMND KT
) TRFETY L Vo = REITHE o —T ¢ v 7 R 2 & CRYYETERBGIEORN RN TE 5, Eblca
A MHIEE L OEHEMEOBLED D LIRENSES BEREORE W a—T ¢V IHIRRO TV 5,

Z ZTHRA OFEETF — AT, HEPBER L —F—%2 v LT v — A EmYEREE 2 VT SUS304
R _E~OHER D BRI BL Y A TE 72 13, FH AR L — W — IS D SRR @ L—H —
Thb, v VFE—L2ERIEETHREPENOMB L, HEOL—F—%FHE» LR35 2 & TEM
DOVERZE B/ NRIZE DI 2B 2 EBLTE 2BHE FIETH D, 2 E TICRBEERICLE R R~D AL
B L TEERE L TELZR, ZNoid 1l BE— RORBEEKICEDOERTH -T2, O, AV EE~
O a—T 4 T FERTHEDIITEROE— R CERRmE D L)L —F—REEEZ2HEL, 1
E— RO E OIGRFEDEWE I LN T D 0ERH D,

AFRETIE, 1= REBEOEK TIZIAT v VA LSO BEMEHES L b N8k — FToa—T7 1>
TRIEOTRIZB W TIEE— RO EZ > 72 0 A lE Lo RFEMEHES L e b RICEB LIz, ATV LR E
A CIIBVEERO/MS, BIVEE Vo RN KRE B D, 20D 1 ©— NOEKEERKT 28 & [F
—DEMETIR LI a—T 7 BRI 2R3 A LR EME T T2 WHOMERH -2, Lizhi»>
TIEWVEAIZ 8 e o —T ¢ v T REE R T A I3 B Ak & RSSO N EE R T L7225,
T CTARFR TR, B RBEZRDEATO LB EME T2 A 0 =X LA LS g TRl a—7 «
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2. EEBAHZE

FBREEE OB N A Fig.1 1IZ7” 7, #4450 nm, KM 200 W O F 8K L —HF —F T 2 — /L 2 )
SHE LI L —F =507 7 A N—TEHEL L A TMTAIICES L= (Fig. 1@)). AR > ML HEEAE
T 233 pm & L7=(Fig.1(b)). SRk RITH RELEHE D Ar B ATHERE L, T~y Refiso 7 XL L 0T
FUICHHG Lie, AT — V% xBhFc Ny F o ZHREE T B8 S, y BT ~0 R IER R Z D K32 &
T 15 mmXx 15 mm OFPHIZH 2 —T 1 7 &24T o1z, B — NREIEBE(~ v T2 7 HEEE) & BN B O & L 22,
FR)ORFZRZH SN T S0, L—Y—0H 1% 160 W 2, 513 E % 50mn/s IZ[EE L Ty F o 7R
B2 110 um 2> 5 310 pm F T L S W72, A L7 Mg K O R AIE 21 um TH Y | IITEN S O K
G %4 50 mg/s (IZ[EE L7z, HAFI2IE 15 mmYx15 mm'x5 mmt K& X SUS304 AR 2 L=, kL
TR~ A 7 a X —THrim 28I L, SIS « FFE O O LM X 2 Wm iR+ 17 - 72,
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Figure 1. (a) Schematic diagram of copper coating with multi-beam B-LMD method, (b) beam profile of laser at the processing area
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il —7 ¢ T RIEOWIEBIREE % Fig. 2 (TR d, Ny F 7 HEEN (@110 um O & & FAREIL6 % &
INEWH DODORIENTEIICZEMm A%< . KEMA I Sa 40 pm MO BB RE ThH -T2, /N T2 7 HEEEN
(0)150 pm @D & ZITIFARFEIT 11% ThH V 2 H D7 < Kk S 7% Sa 10 um & i 72 m b B 722 B DS B Rk
ST ™y F o ZERREDN(€)310 pm D & FIXZERR G Ze < KifilE Sa5um EFEETH o 72 b D OFAREKIT 68 %
ERROKRE VLR E e o7z,

KREBRFER LV Ny T THEERN/ NS WEEM~OABENRRE L TEROFA L REM I BE< 2D,
Ny F U T HREER R E D E B A~DABGE S & 72 D T2 DI ARSI L CRBESE O FIic 27208 > T L&
I et SRR LI a—T 4 v TR ETOHE - U A NV ARIEAERARERIZ DWW TIXEER
JERFIZTEF TH 5,

200 ym — 2 200 pm
200 pm

Figure 2. Cross-sectional image of copper layer on the SS304 substrate for the hatching distance of (a) 110 pum, (b) 150 um and (c)
310 um with the output power of 160 W and scanning speed of 50 mm/s

4. SEHE
(1) Sato, Y., Tsukamoto, M., Shobu, T., Funada, Y., Yamashita, Y., Hara, T., ... & Abe, N. (2019).

In situ X-ray observations of pure—copper layer formation with blue direct diode lasers. Applied
Surface Science, 480, 861-867.

(2) Hara, T., Sato, Y., Higashino, R., Funada, Y., Ohkubo, T., Morimoto, K., ... & Tsukamoto,
M. (2020). Pure copper layer formation on pure copper substrate using multi-beam laser
cladding system with blue diode lasers. Applied Physics A, 126, 1-6.

(3) Asano, K., Tsukamoto, M., Funada, Y., Sakon, Y., Abe, N., Sato, Y., ... & Yoshida, M. (2018).
Copper film formation on metal surfaces with 100 W blue direct diode laser system. Journal of
Laser Applications, 30(3).
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Identification of Strengthening Factors for Ti-Fe Duplex Alloy

by OShota KARIYA, Junko UMEDA, Katsuyoshi KONDOH, Akihiko CHIBA and Kenta YAMANAKA
1. HIREM

WHTFZ o BeDIRNMITFERTH LTV LE, ENHED 8T%EZHEE v TREHDTEY, ZOfflik &
PHRITHBC PR B 2R 2T 5. Flo, NTUUNIEWERE AT DS Z L EREAMEL, R R IR
RPICAEAET DAERM B LT 213 E K5, ZHUSxi LT, BFE7 L —7 T, BIRICE
BICAFIEL, Ti ORESTRE CRABENICIEAT 2 Fe @ bt & LTEM L7z Ti-Fe 4822\ Tt %
HOTET-., MRIBESETIER LT Ti-4 wt%Fe 541, Fe BFEDZ VB E Fe BHEDV 2V a fHD
FHN 5725 Ti-6Al-4V S4B L2k 2 H 9 5. Lavh, 1120MPa DFIEMR S & 20% ORE i O % Ha
A THY, Al O ZRNET &b Ti-6Al-4V &4 L A% EOgRFEZ BB 5. ZubgliRREICD
W, €3k, Hall-Petch ofkBR=, #AHI, Labusch EF VS0 L ETRIRDHNSNTEX-. LiLAan
O, ZNDIFHETHL I LZHiRE LTWDH), “HEETH D Ti-Fe @& ~DOHEHAIIRETH S, F7-,
Z ORMRRE T (REELRifk, B HIEFESR, B HOSMEEE, ZNENOMOME, EMME, etc) 1XIEFITHEHE
THAEIZEZELEY, WThn 1 2ZMZRF- L THIET 2 Z LIERAETH L. DI, EREho5lE
FE~DOHF G2 EEIEH T Z EXRETH 7=, —FF, ITFE T T & O TR B O 58 T
WO RTREVER A SIVTWD[L]. & 2T, ARBFETIE, B8 - C Ti-Fe A ORE THIET L
EREEL, INERICENENOSIERMEZRE ST 2 MK -0/ EE Hig 7.

2. ARAER P e
: AU SRR © 1600
2.1 F—8ty oS LS M

B Bk ZE 2 FEORERR (B E £ & Tk
WCIRIRACALER % ) 5-) I CIEAENN T % 6 L Caleh &2 fERL L
7. BiF % non-ST #f, th& % ST o L LS. S, non-ST
¥ KO ST M OREM 22 &, 2 OIS O3 Ak
#Z Fig. 112”7, (@) non-ST Mix a ¥ (B5EE) BELOB
A O(BAER) MRS A0 Lk z A9 5 Dk LT,
(b) ST BHIFZEERR D o/p FHFE SR B 72 DAEMkZ = LTz,
F 7o, MRRAENT 24T o T RER, AEARRIRITENEICHF ST ! =
[T -T2, B FEBRBEIONLORRY O B*H@E Flg. 1 Ti-6%Fe ﬁ’-ﬂﬁké‘)ﬁﬂ”é(a) non-ST #43 LY
K13, STHARRAE VMEAICH 7. Wiz, #iRslE () STHO COMPO & & (c)T D5l sFE.
ABEROFEE, non-ST #4113 UTS: 1377 MPa, HEIKHH N 11.9% Tdh > 7= DIZ%F LT, ST #41% UTS: 1164 MPa, fi%
Wr O 22.2% CTd - 7. Fe RINEIZEI 53, non-ST #11% ST #1 & bl U TIN5 K, EPEICE D
BRI H o7z, TS OFEE - SREEMRITHE R 2 22, B AHMEREE, B FAORRIARR L O Schmid K7, 5]
EHIAB LN TERZT S HHO pHRERIOZDL, 5T 50FREISHNORET—FEy M
YERR L7z
2. 2 BEFAETIOBELBEZTRET SHEBRFOFE

Ti-0, 2, 4, 6%Fe \CBE 2 Lk TF— 4 & v b & RIS EET

M

4 : - sT
T A7 Y. & 1200
— - — v ~
S = S 1000
L & 800

600

Nominal stres:

400

200

0 0.1 0.2 0.3
Nominal strain, &

e,

750

AL, ZNEFNT, BREEEFADERICHE LT 2

W Ti-1%Fe (ST)OMRE TRIZ(T>7-. ZOfEHR% Fig. 2173, % §°°

BRE(E) & TFRMEGE)IE RS < BHEL TR0, PHREER®E 2o 5% e Experimentl
ERGIND. TAURSEOMBEE T2 O TR T 7 A a4k S0 - i

Lz LICRFT 28FHIC L ofR EELDBNS. 22T, BIC 40 e es
W TR - OREZIT - 72 Z OFER, 51RF MO pkLE, w0 | — - — -

B AHEFEER, o FHOREERIEE, pFHODY = I v MEFD 4 DHEEIR
Ehiz. ThaeMOTHE, BREEETVemEL, ISh0TH
M2 FRIL72(IR). £ ORI, MK OBIRGET L b~ TRE

Nominal strain, &
Fig.2 Ti-1%Fe(ST)D it 1O 2 i
&R T VI KD TR R
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<MELTEY, ZOEEDE, BEERANX7T0MPafEE TH > 7-DITxt LT, ZBHaER%ZIZITH 20 MPa &
polo. 22T, b 4 OOfKKE T & UTS OFRAFAE L7 E 24, BFHD Schmid K% fx< 3 2D
FERR IR 7- D AE BEILRER OARHE T 0.7 Z#B 2 D M2 7R L7223, B FHO Schmid [K1- & UTS OFHBIFRE D #ext
fE1% 0.03 LIEFITRVMEZ /R LTz, 2 2T, ZHERWZ 3 DO 12 AV THEIFEE T 7 L 2 HEE L,
IS IOT BB Z PRI L72(E 7). FOZEIT 20 MPa EfERIR 72 3L L2 b b 5T, RZEORE
Zor L7z, LEXY, Ti-Fe G@OmMERET B MHmER, sliRAF MO AR, o fHORRAED 3 -DDHH
BRI T D EBHL N E o Tz,

2. 3 PBHOSMIEEINEEFEICRIETEZEDRES

EROFRE TV OREEL, JEEI T e
BT 5 B YA & FFoslEHI & L TS T
STz, TR LT, BB A 9 = & T,
BRI AR IZ Ry U —2 EITEEL &
nNazt%, FC atp “MHEETHD
Ti-3Al-l2V G4 TR L7z, 22T, Z
o B AHOSGAIERESTREREICKITT
WL, AR S 2 WA L. -
Z DL, B O S AIEREIZ DU, Persistent O train
homology[2] % F W\ 7= & &b & i A 7= . coes T4
Persistent homology Tli, /B IS
F TORM % b, YXONHEIT D F TORFHE

ZdEET. AETIE, XY FU—7 D : gggggg
A X RTHEELE LT, v hT—7 12 : - : a0 . .

: —

DFERRE =R THEE L LT L(=b-d)/d = ) Ohsi\:ed i MNoming! strain, ¢

& 2 " Fig.3(a), (b) 55 HDF Y b T —2 BARTERLO 1= b O BALER
U7~ B8 I E D AT BRI 1T, B 9.3 (), (b) D4

. Rt o i #% OBHIREAR(-1) &, Persistent homology (Z J % kR
?g = ;;gfg;ﬁiigg fﬂ%;e\rgs'te;t H ((-2)0<L/d<0.25, (-3)0.25<L/d<0.5, (-4)05<L/d), 3
= VSRR = TOSISE X ONO)BI S O ER M T RAE O BIR & ()M
homology =& 5 Lid DREFTAIA: BB o\ oy abbtois 1O o ikl 1 2 0 F RIS R
T & 2R T T L OREEE % Fig. 31207 " - " S

. LA 2805 A HMEBIE, WTRGEMEEZ PRICEVHEN TS Z L5015, FR1lZ, (O)DiEHTER
WTIEHR Yy N —2 OFERE L LUd EICHBERA NG, EOmBEEAEZEHLIZEZ A, (@)TiL025 TH
STEOIZX LT, (b)TiE 030 &L TTIEHABEMULI. HWT, 22 THLMNI L ZHEE&DFER
M % B A RARRIA 7120 2T, Persistent homology % FWCEs b L7z d B8 X OV Ld @D 2 D OFHGRIK 1% N
X CHECF T K DR E T IE 7 L OREEE AR A 7o, AT 2.2 & [AERIC BIC & VT8RRI 2 SRl 2 48
FRIK -2 [ Lo R, MR, vy NV —27 OFEME (L), o ORI EBIRE AT, Sl Tm
O B FHRLE DRIV 1T Persistent homology (Z L VW E&EfL L7z v hU—27 O5ERRE (L) RIS TW5D
ZERbnL. T EAWTHREFRIET VEBE LR, THIET L OBEIC W T230B O T RIR E
23 train 77— %, test 7 — X ZBH 577099 A2 D EVMEEZ R T 72T TR L, FHIETVOMBEIZHW R
STERBI OISO iR IV T, FEBRE & TRIEORREIT 15 MPa LINTH D, mWHEE TZ DR
T AHMBRE TR TETWD Z EnbhoTz. LLEX Y, Persistent homology % v 7= B HHD 34 RE D E &b
WXV ELNTEITRE 2 TR 2720 OMEIN 7 & LTHATH Y, Fig. 3 128 LM B FOA T RE
FFO near a-Ti B4 ORERNEL, PHEER, *v bU—7 OERE (L), afAOREERIEED 3 >ORMAEIK
TR KB END T ENHAL N7,

3. EEXM

[1] Z. L. Wang and Y. Adachi, “Property prediction and properties-to-microstructure inverse analysis of steels by a
machine-learning approach,” Mater. Sci. Eng. A, vol. 744, pp. 661-670, 2019, doi: 10.1016/j.msea.2018.12.049.

[2] Y. Hiraoka, T. Nakamura, A. Hirata, E. G. Escolar, K. Matsue, and Y. Nishiura, “Hierarchical structures of
amorphous solids characterized by persistent homology,” Proc. Natl. Acad. Sci. U. S. A., vol. 113, no. 26, pp.
7035-7040, 2016, doi: 10.1073/pnas.1520877113.

BE, EEEBRFELEZREICONT, UTOmXERKLT .

S. Kariya et al., “Novel tensile deformation mode in laser powder bed fusion prepared Ti-O alloy,” Mater. Sci. Eng. A,
vol. 892, 146057, 2023, doi: 10.1016/j.msea.2023.146057.
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Particle design and functional exploration using the phase interface with water as a reaction field

by OTakahiro KOZAWA, Masashi UEMURA, Yuina YAGI, Hiroto IFUKU, Takayuki MOKUDAI,
Hiroya ABE and Minoru OSADA

1. AREH

T T 7 EMORBMIZ X0 2SR MR GRS AL, BRERBLOEEMELE L Tlbh D L9127
STWb, £70, 2Wotfb7e &, T/ MELOTERERIENC B 5 FiEmm I L THIA e Thbhv T b, —
HT, AEMEFWEEAEHT 272, T/ MBIOGKR T mE ATRER CORELEZ TWDLIEEH D7k
<7,

Fex 1 Tk 12HEH LT IRERBEA R ob T A UEDO I 21T > T 5, FRZ, KE ORI ZKES & L
THIAT2AMICER LTWD, ZOMARME L X, AKERAFEARICEE Uz B ek &K RIS Lz
BES S CTH D, HLIRESCKBAHK R EE2II LD, KIFAEBIAEE L TESDBR FAT v 7EBICHN S
NTWBMN, LT3 KPP TONTHSIRIZESINTWD, —J, KEDHF T, Hilzx X, BERAmE
TIES GO RF R 2 R, KRR BT 2 BEIREE CIIWEILRA 4V ORZBGR, 72 EXFIHT
x5, LML, TNHICER LR FARITIZE A T TV, & 2 TARIFIETIEL, K& O
G AR AT 2 Hikim a5 L & bic, AFEREWE 2 S TR O % A XM RE D il f)
TELAREMEZRND Z L AL L, AEEEIT, BRIROBUE 22 B 1 &2 KRS TSRS 5 Z &
&0, TR o2 ER 2 Ak Lz, £, BERAmEFAT L2 & T, @B /R0 TAl 7 U
— Bk E AT,

2. ARER
2. 1 KESMBIZKLZRBRESABEHFORR
REBHLO KR I CARFT S5 IR 1T, BT X 2 LR BE-PH K 72 & D iR S 2 1% €. b 21k
T5, 2oL AREFE (F 21X 1°C/min) TIET 5 & AT ADNZELTERAIE 720 . 50nm LLF
DN L E BT D 2 UERBIbRL T MERTE 5, ZAER FIIRERRHBEHATH LD, WA
#, AR, AR E L LTIRIAS FH SR TWS, UL, EianEs X A KhipE LS ZE4
%, BB RETlE~ 7 v fLE TN D 50 nm UL EORIFLIZIER TE R2WEOBEENH 5,
AFRETIX, KEKEHK T CORGRIEIZEIY, ~7
7 B AL D B 72 2 BRI IR FLBE R 1 & A Ak L 72 [1,2].
MnCO3z O —YRL - DSBS L 72 BRI b+ 2 ARk L L K
ARKR A TEE 2 U0 AT TR I &2 DO (FHR
HWE 5°C/min) L7z Z A, 750°C AFFIZH T MngO4 4
DA LT, ORI FEREIZITED MnCO; DERIRTZRER &
O A R EIZHERF LR 1X MngOs O — KL 1237
VNI IICEERE LT R R EE A A LT (Fig. 1a),
etk F R EIIZBAV 2~ 7 m ILSE(E L, AL BRI ED
13T > Z LR LR T O BE T ) 5 7= 2R BR oo FL
HEEDS BRI S iz (Fig. 1b), —J5, @& O KM

AT MnsOa F 2157 (X IIEMELEE 900 °C %35 L7=f=>.  \©)
AL ALK TR0 % 2 Tk (BEGS) 7S EE I HET L.

W R A A LT MngOg HERBRIF- 23 A2k L 7=, e e
SATICEAE LT v F LR —"Chif—hi e A I 7 Fig. 1. (a,b) SEM images of macroporous MnsO4 microspheres

o Qs gt R - W L and its cross-sectional surface. (c) Schematic illustration of a
DB JEMEM R FOEEAZRET 2 Z & T HKEIRZEZ  single-particle compressive test. (d) Stress-strain curve and (€)

FUEDRI T D S 2B 20 % 4T - 7= (Fig. 10) [3]O %3 Hm typical snapshots of the macroporous MnsO4 microspheres.

v 2um
D e—
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D FE MnsOy FLFIFSIE ) BT K- T
TFART D Z LN ARETT, 2 B ERE B A T
ZEEWALMMZLE (Figlde), —J7, ki r-8&n
#1 10 pm OZFLUE MngOs ki1~ Cldk, BT 5 2
LIRS EENRAE U T,

A Lf:%}L%f MngO, B3~ 7 v A Fig. 2. (a) Photo of nanoparticle collection from carbon dispersion, (b) cross-

SALEA L. NERIIRIERTH D Z LD | ik sectional SEM image of the Mn3O4/C composite particles, and (c) cycle
T ORI LT RE L 2 5. BRI performance of Mn3sO, anodes for Li-ion batteries.
A=K F ) KL D L T2 RIC S AU MnsOs ERZ IR L, #RE & 2 W 27200 T h—Re
BRI 3HHAR SR oMk m E L7z (Fig. 2a), AFBEZ LIS, SR F4E 35 nm O —AR > F /Ri+ %
IV IA /72 MngOuC AR ZAFRL (Fig. 2b) . U F U AA A2 ZREM (LIB) OAfHRE L TOMREEFE
fliL7ze ZA, A 7 vEtticEnomaEREameE L CTEBdT o Z &2 R L7e (Fig. 2b) [4],

HIEAR DO~ 7 mBARAL O 722 D MFLEE 206 L, BIfE, BEIE LIB 226D U F U LAEIFREI A~ D H %
DTV D, TR B OEJRBIL T LixCOs/Mns0s BARLF- & L IIEE 5 Z & T Mn SRIERRRL 7~ D2 -
BAMAZRALTND, AT, ZAEKROBEMEMEHME b ET L T D, ZAVEBMERL T 2 W2 AR 10
ORISR . NA A - IR B OIS NI 0 A 2D T B,

2. 2 EEF/HFOEREIT)—EK

AU Ag T RIAIEINA A EESHICBWTL SRR THOWONTEY, SR bFEREEDL LT
BEND, L, ZNHOEKRTHEH SN ETLANIRBEAMBEWE WO MERD D, Z OO,
BEICHREZ A T A AEMRBRMER Y ~— %2 AW FIEB]RE Al Z &< LanwilE GEH 7 U —4 5
[61DBAFEZHED TV D, #HEITBE LT, KB & EARO RmEZ2FIHT 2 HikEiAH Wb, fmiEthcr 7
A B =P A DA ENTHEE, ZOW A ZZBIC L HIRBASRERT Au T/ K TF2155 58 TH
b, ZTOEMa T e, ERAEIZER LT WRIGHEE 2 3R U CTREE L7253, IOST&IZ Au /2 ki1
DanvA REEPEDI, T OWEIKIT Au T 2 ki D JRTERE 77 AT B X v RkeEx 2 LT (Fig. 3),

S\ =

: \ (@) 3 (b)

Y \ =

2|\ z

= N\ | ,

- =

. g A

100nm

\\'avel.vnglh [nm]

Fig. 3. (a) UV-Vis spectrum of the Au NPs colloid obtained in this study (Inset: appearance of the Au NPs colloid),
(b) XRD pattern of the synthesized particles, and (c) Typical SEM image of the Au NPs.

3. ZEXM

[1] /NEERESL, ZALEERRER LRI K O O8UE 515, F7BH2019-48733

[2] T. Kozawa, Preparation of macroporous MnszOs microspheres via thermal decomposition in water vapor,
ChemistrySelect, 3 (2018) 1419-1423.

[3] T. Kozawa, Y. Li and K. Hirahara, Formation mechanism of maze-like open macropores in MnsO4
microspheres by heating in water vapor and their single-particle compressive behavior, Adv. Powder Technol.,
33 (2022) 103844

[4] T. Kozawa, F. Kitabayashi, K. Fukuyama, M. Naito, Carbon nanoparticle-entrapped macroporous MnsO4
microsphere anodes with improved cycling stability for Li-ion batteries, Sci. Rep., 12 (2022) 11992.

[5] Y. Yagi, K. Kozawa, T. Mokudai, M. Osada, H. Abe, submission in preparation

[6] Y. Yagi, K. Kozawa, T. Mokudai, M. Osada, H. Abe, submission in preparation
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FRAERZERFABE LARER ERASA, Ovay g s EREE, s
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FALKR 22N = = FEpT /IR S R

Preparation of light-element-doped TiO; films and evaluation of their photocatalytic activities
under visible-light irradiation
by Kyosuke UEDA, OSunyong SHIM, Ryusuke KOIZUMI, Takayuki NARUSHIMA,
Takayuki MOKUDAI, Kouetsu OGASAWARA

1. HARBEH

WRA 7T MIOEEREZBE L CHOWONDET A ATHY . O OENITITEREN 2 < F1ET
D720, MEOMEICLDEIYED Y A7 IZBEIND, ZD7, HIE O X OHEIEO BRETfld 5
ZENEBETHY, T, ARFESOPEMEM GIZATH 5,

BT N—TTIE, WRA 7T FREAD TiO, 2 —7 4 U I X DHEMAT5I1CE B L T& 72, TiOz 1%
NAPEERE LTHLHLNTEY, ANy Ry v 7V F UHICBW T 3.02 eV (411 nm), 7+ —BHIZE
VT 3.23 eV (384 nm) & ERAME(UV) DB EIRICH Y -5, UV BEIC X 0 IEHERRFEFE(ROS) ThH H A —/3—
FTHRL RT =AU (00 FrXT T IVh (- OH)ZAERT 5, IEIEBERITESE VL IE2AT 5720
AR 2B L OB S, PIEEEZRET 5, T72bb, TiO, OGN ZFIHT 2 2 & T, R
WCE VNI LTz & X ORPEMEZRILSE D, A, v F U AR EmHEHETEZ 5,

—J7, TiO, DAEMIGHICIE, ERICAEL UV TldZe < aEIC B W TRfENE 2 R4 al L& b s
LZRVEOBRNBLRD HID, TiO, ~DOIEEEITLHEENINC L 0 MHE-H LA M E 2R L, N R
X v TIPRE S ARSI BAL N e L 72 %, BT NL—T7Th, FHFEFHE L AW -2E RS KIKE
WCHEADNWIENRY Ry v 7OEREFHEICEI Y, TH X —BR TiO, ~Djr#E « ERILTMB AR Ry v 7
WA THHZ LA LMILTER L, EROICYH, A Ti 640 EREEELIEIC XV IRFBIRMN
T H — BB TIO M fER U | YEAEENED RIS B LIC S L, AIEOE RS T2 2 FritE o 58
ZHLMNMILTE =L

AFRETIX, W HEE L TREBIOERICER L, BB LIECRSME A Ry ZIEIZ L DIRE -
EFILPIN TIO AER T m B ADMF 21T TE 7z, RMTIX, —fHle LT, BB bIEIZ X5 RHE -
EFILUIN TIO D VE LI L OVHEYER FIC BT A UM DWW THE T2 8

2. MERR

2. 1 ZEREBBEICESRE - BERHEHMTOREDMESR S

BRI EE T3 T % > (CP Ti, 12 mm) Z JEk & L CHVY, Fig. 1 1ORd B EEER(L 21T - 7=, H— B
H & LT N-1%CO ZFKHIZT800 C.1h DRZE(ALER L 5 B H & LT Np-1%0, ZXBHA 12T 700 °C,
1-6 h OFALALEE A fiti L7z, Fig. 2@)IZ5F —EtREE %, Fig. 2(b)I25 _EtfEE % O XRD /3% — > &R d, H—
BERE H 7% TIX TI(C,N,O) DI R S L7z, 3 B H % Tl W ORFRFICB W TH VT LT
oo, Fig. 315 Bl B ALHERF 2 20 S & TR L 72 TiO oD K SEM 1§ & 7=, ALBLRF[#] O BEANIZ

PEWNFEEIZHEEI L, 1.0~23 um BBEThH -7, 228, TIO RN L OHEMKR & DREIZHRA RBEK L Tz,

E U BIRIEIC K B TiO B & Bl & DB T 2 WE LIofER, WINORFICB W THEA /11X 60 MPa Ll E
ZoR LTz, HFRICHRIE O O E R LRSI B W TIE 70 MPa 2B 2 D& /1248 L CuW\=, 1SO 13779-2 (2

BWCEEEBAT NS ZA~Da—T 4 v TIEES E—ERpE R AL 55 ERME E IR

T IS5MPa Ll EEHIEESNTWDEN, K a& R FES : N,-1%CO HES N 1%0,

T L7z TIO B = O L Y b H4yic - 7z R 1 Rem.1—oh
PR A ALERIER] 2 h I CERLL 72 TiOL D L NaCl & Ti(C,N,0) i N, C £700 TIO, B2

IR M DRI K OVEROREE XPS 1T T Favalg N  Farmg i& F 4 UsiR

L7ofE R % Fig. 4 (7, IOBHRIT A /X > & K
THY REDOIERGE~DRESZRTLOTH  Fig. 1 BB LIEIC L 5 Bk - ZHRILIRN Tio,
Do BERROMEILTION REEFRLTWAD, Fifi  BEER T ov 2o
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WEEIR N 8 5 T E NI D. — . FEBRA (

DIRRFE - WROFH BN Sz, Tb | LA eme &

b, A7EEATEMLE TIO BUAR#E -2 | | 4k ke
HOIEL 0 outer i L5k - ks g | (] AR

iz inner JE O "fEREEE A LT\ e, 2D z ) i 700°C, 2h

SRS, VTROB BRI RATSIIC  F Ml L otk 2

BT HHER S L7~ £ ' N = et

TiM [JCPDS card no, 38-1420) I
L age My G

2 . 2 ﬂ*ﬁ%ﬁﬁ%ﬂ’? ': 3:3 (-J- é *ﬁll‘igzl”ﬁ 3 TiC (JCPDS card o, 32-1383) iﬁuhk:- TH, |JI§F‘LIS card no, 21-1278)
A IR T2 3513 2 oM, JIS R 1702, L '- R

200 3

JISR 1752 35 X OV 1SO 17094 (ZHEHL L 7= K5 i
BV 7 ZABEEFEICI VML, 1
FERE 108 CFU - mL™ (CFU: Colony forming
unit) D KGR 2 5 ul #5FE L (5%10° CFU), %
DENSHN—HT AW EHIRE W L %
EE ST, TOEZRICEEE D R E IR
(PBS)HIC T, KIFWEAEIL LTz, Z D
& X OEREEEMAREBEN) & Liz, /13—
T A& 15 43 O FE YRS (400 nm BLF
OWEHET v b LIZFt® ok, REHERE 15

40"

200 30 4 s B T 80
200w K )

=0 s T
28 [Cu Kn)

B

Fig. 2 (a) 25— BP HALERFS KON b) 45 B B ALER A
D XRD /3% —

Fig. 3 %5 B¥f% B LErEf(a) 1 h, (b) 2 h, (c) 6 h (2 TYERL

mW - ecm?) 4 L < AT E %, it b ARkl L7C TiO Wi SEM &

KIG IR % B AR B A RIE Lz, 20k 10— —r—r—
%@%ﬂ%ﬂo)ﬁi‘@/{% Nvis\ Ndark <E L/\ *ﬂ%éiﬁ NOVC“ éoo c —N

B L 7- M &2 B AL AE B B LT, )& VTR L 7=, E Br TiO: |
(TR A A AL AR B EK) = Nuis / No ) S < o
(H%‘Fﬁﬁ%?:ﬁ*%{lﬁiﬁ) = Naark / No (2) M :TI

Fig. 513, AaBtOTHDEIET & L < I3HEFT#E 1% O $4_ | |
BALAEFEBEE R LELOTHD, WTHOREHIB W T, A At 2l
KT C OEE 2R TIIHR LA REEITIZIZ 1 TH Y | il %2~ b e
SRR L WERHFICB W T IIER L TWhW RN & % ® >t |
ARLTWD, —F, AHDEIRE T CoREE Tid, ZBRH Dt — e —

SLFREER 2 h OFEHZ B W TARSIE 1 HRERD LTk
O, EFRETELAEENRALON, T72bb, 205
PECIERL L 72 TiO2 MRIE ml 1% B 5 5 D e P B 1 A 8 B4
DT EDBTMoT,

3. ZEXM
(1) T.Ishikawa, R. Sahara, K. Ohno, K. Ueda, T. Narushima,

Electronic structure analysis of light-element-doped
anatase TiO2 using all-electron GW approach, Comput.
Mater, Sci., 220, 112059 (2023).

T. Ueda, N. Sato, R. Koizumi, K. Ueda, K. Ito, K.
Ogasawara, T. Narushima, Formation of carbon-added
anatase-rich TiO2 layers on titanium and their
antibacterial properties in visible light, Dent. Mater., 37,
991-1000 (2019).

R. Koizumi, K. Ueda, K. Ito, K. Ogasawara, H. Kanetaka,
T. Mokudai, T. Narushima, Visible-light-induced
antibacterial activity of carbon and nitrogen co-doped
rutile TiO; films, Thin Solid Films, 780, 139944 (2023).
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TA AN — UEREOEERZEREZAL
HIRRED in vitro®ET Y 25

FALRZFBEXGEEMTETT OB 57, LAY, FEHES
U OB AR e BIFE

In vitro modeling of neuroinflammatory states using micropatterned networks of cultured cortical neurons
by OMamoru SAKAIBARA, Hideaki YAMAMOTO, Ayumi HIRANO-IWATA and Takashi TANII

1. IXEM

FRRIE & 1%, A > Z —1 A % > (Interleukin: IL) -1B, IL-6, JEEEEESEK 1-(Tumor Necrosis Factor: TNF) -a 73
EORIEMEY A NIA %I 7 a7 VT RoWT 52 L2 TAEL D, FIHRER(CNS) DR IEINE DIENE
bTH 2 FEHHAT L TS COVID-19 TiE, JRK Y A /L 2D SARS-CoV-2 D—EAMICERERA L, 7 A
hathA e EOMBICEY L CREMIGE B SR 2 L, MR 72 Rk 2 e iR B & 5] & i 2 9 ArREME
WD Z EDIREI, MIRIAE D BRE i%%ﬁ%%b@né

R D & 15 B AT AR &2 N 7z invitro SRIE, RIEMEY A NI A v EE T A b B0 R R >

N — 27 OMSREICRIETHEBELZET VLT D, 2=— 7 REBRRTHD, AFETIE, ~A 7 vfiilkT A
AHEFIFA LT, BELEMWRER Y NV —27 TSN D IBFEI RS ZHIR L, AROMHRRICBIT 256
AR L, BT Y 2 — UG E2EBL L7, £ LT, COVID-19 BHEIZHB W\ T i bEN L
TERIEMES A P A ThHDHIL-61ZFH L, BHRICHER Y NU—2I105 2 2 B2~

2. BIRAE
2. 1 AN —UBEICLHFBER

M R E —=2 T RO~ A 7 aiffT 34 RE, RV ¥ A F v m x4 2 (polydimethylsiloxane: PDMS) % H
WTCHEATIFZE 2 LRBEOFIETIER L (M 1A), BV a— I~ 7 aF ¥ R THHEL, EVa—1%
AR T OMBRBEORZHBE T 27201, G EWORRL 2 /3% — > (wide-modular network,
narrow-modular network) # 7= (X 1B), BRISENO I ITHE 25 E TR SN -mikr y U —
2 (homogeneous network) % FV 7=, IL-6 [XE5HH(Z 10 ng/mL DR JE T 24 K& 5 L7z,

1 ERAR, (A)16EY 22— a2 ROMENEY 27—y hNU—7, (B) EVa—VHNTHEL, ~17
0 F v RAVNICHRERE AT =2 —r oK, SOk 3 X0 s,

Homogeneous network ® HREIEE T, *v T —27 =2k (Xy hT—=7 NO=a—8 > DRy %EH
AT RIEEI A N 8 BELS RGNS, ZREHKELT, Va7 —Xy NI —27 TED L HITHE
BNRIET DA RS20, 54 20 H BH(DIV 20) % TOEMTREIA X2k O & B FF I 0 2810 % 5l
L 7=, Wide-modular network CiZ DIV 8 F THUZ I CHFHEI 704 TR B A =2 b GRS A = M) B4 T,
DIV12 LIBRIZ Ry U= R_R—RX h~L 7 M L7 (K 2A), Narrow-modular network i DIV 20 & CTHi%
R~ b23Fsse L7 (X 2B), Wide-modular network & narrow-modular network % Homogeneous network
(kLT IEENEE O R JAEN T FA 65 ~ 93% & 74 ~ 98WIR T L., F72A X hOFEH R REIL 9 ~ 44% &
-19 ~ 225%H30N L7z (X 2C, D), F 7= #hfiG BV OFBINME 2 T L 72 & 2 4. wide-modular network Tl DIV 12
DIBE TIOR8 0.9 12 E5- L 7223, narrow-modular network Tl DIV 20 £ TR MK < MR S iz

(K 2E),
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(A) Modular {wide-channel] (B) Elodular (nasrow-chamnel)

< 2: E%E{%%b@fxﬁ%é’ﬁﬂ: (A, B) DIV 20 (281} % wide-modular, narrow-modular network OfXF 72248 ~ L
— R, VaIy b P A-ETHREINCESIGRZSE FL—AOFICTry kLT, (C) HEmMmEx
v NU—=7IZBT A4y MAEOHRAE, (D) A~ MEFE, (E) BRI OHERE, Homogenous
network (n =7) 12, wide-modular network (n = 12) {%7R. narrow-modular network (n=8) IZHF CTFm > b L7z,
SCHk 3 LV R,

2. 2 Arv3—04%2(IL)-6 DEMEHR

IL-6 23R > U — 27106 L CREIIZHI S K Z T2 2T 572012, IL-6 &5 1 %O A RTE
B % <7, Narrow-modular network TIIx}FREEIZEE, DIV 20 O F-HFHBAFR LAY 50%HE N3 2% 2 & 2343 7
o7 (K3A), ZDAN=AL%E I L HEETH-DIT, 2 7 /Ld Global Network Activity (GNA) %
FE#Z L 7=, Narrow-modular network TiX, IL-6 # 5 13EFTEHEI A X MM LTz —a U OZIENEM L
7= (¥3B), —J. Homogeneous network & wide-modular network Tid, GNA [ZxIERE & FIERIC GNA 1 X
WLUFHEICEE > T 272D, IL-6 12 L DT R CTH - 7=,

L ED#ESRI :,t ~A 7 aART A R % TR TR 3 B OHEIT 2 EERERBE T CHEL3 % invitro
ET VORI S, MRRERBOMRICH 27277 v N7+ — L& T 52 L E2RL TS,

EN (B)

4 3: IL-6 DEMEZNE, (A) DIV 20 IZ81T HFHBIRI D L, (B) GNASize > 05 2B T 5%y NU—27 DN
AFV 7 ay b, SCHER 3 L0 E5HE

3. EEXH#

[1] M. Schwartz, K. Baruch, The resolution of neuroinflammation in neurodegeneration: leukocyte recruitment via the
choroid plexus, EMBO J. 33 (2014) 7-22.

[2] T. Takemuro, H. Yamamoto, S. Sato, A. Hirano-lwata, Polydimethylsiloxane microfluidic films for in vitro
engineering of small-scale neuronal networks, Jpn. J. Appl. Phys. 59 (2020) 117001.

[3] M. Sakaibara, H. Yamamoto, H. Murota, N Monma, S. Sato, A. Hirano-lwata, Enhanced responses to
inflammatory cytokine interleukin-6 in micropatterned networks of cultured cortical neurons, BBRC. 695 (2024)
149379
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SYBF 1 A - R
PoBER AL BT 2 M A L -l a0 £ pk & B BRI
RIRFHAFVERGTT AR EGBAERIZETT OB

ALK 2T e EE IS, NHES, B, FEEES
ALK XGEEWFIERT PP

Fabrication of bubbles using anodic oxidation techniques and evaluation of reactive oxygen species
by OTakayuki MOKUDAI, Hiroyasu KANETAKA, Michi KAWADA,
Peng CHEN, Ayumi HIRANO-IWATA and Michio NIWANO

1 AR BE/

BRI EIC 2B A TR T2 1L LT, T I =W AT X o OE A BRI k3 2
ZETHRT DI ENTE D, ERMEI~OREOE L E U CHMBERILEAN CERL L 72 A RE A YEMEHT
B 28581355 < H Y. Fer LGB LEM 2RI A U CAERMEIEEZ B Z o CT& 1, ZO&BRIY
HIIZIXZ O/ LN TE D, SR, FxlLZo/NMLERIET S Z & T, Bz X > TEREn=240
BN S, HAZEHIED Z EICE D KFICH UH SN DBICRAET HMMAILICER Lz Y, —&i
2. PORRIRICB L ClE, RIAORIBEDEWZE Y 1 um BLEiZ~A 7 370 1 um BLF DS DixF /8
THEEINTWDE, KFTE~A 7 u"XTNddo< Y EKFEFEELTHEET B, 17 a7 gk
FETEEET, KFIZESTWL20, JdABEROFMITEVNE SR TWD, Fx OWFF CTIER L -z
L H A SN D Z &L TTEEMMEIAITT /) A RAOkifEE R L TW5D & RIFHD, Fipgs—M %
o Tz, T, ZHE TNV FHERBIC T AL EINZ 5 2 & THEMERSCT ) A ZONRT VA
T B ITEERET H I LN TER D, etk TIX, T/ AT ML TR, MO TREHEMTH DL Z LW
AT DTFAF—RRENZ L, BWREBME VD STZFENS I 700 XL EOKIE L T RE < B
DRFEOHEZ FF > TV D, O X ) Rtk Wi, BER KA RO CISHRAINTWA R, £
DEPELCHEREIZEA L TR R N o 5, ~A 7 a R NTADOR D —2IC, BEIELHHE SN, =
DAH=ALE LT, EEBRENES L TCWEIHRENRH D I, £ 2T, AFETIE, -/ XTI ATHRERICE
RN H DO TRV, Fo, EHEBENERLBES L TWDHO TRV EE X, HEEM. BioiEht
MR AEMRICEE L CIfe 2Dz, £/, MUTAVAEELETT5Z & THIENRZDZRIAE SN ET 2
L TELTS, BRELTIER LT VI F 7 4 NV E— 55 7= H AFEDEIC X AWK TE0TE Mk 22
WL ThiER LIET 2,

2 WH7ERCR

2-1 RIaE S VEFTTAIF 7 4 v H —

T =7 AOBEBRRALIC LY, BIEWEEE L CTAI T 7oV —FER Lz, 207 4V F—iT
Figl@IZrnd LIS HERREZ R LT, S 512, Fig.lo)md & 5 I EARRICEE L Tz, 20
72, ZOZEFMIA AN E N2 Z & TRPUITHMAIEAER SN D, 2 OmEBIL, PAH 100 nm
DF I I A X ThHD, ZOZALEOT NI FTOMILEY HFRAEHZEFH L ORI LETZ LT, [inE
OV EFT LN TED, ZOMILDOY A XTHHE— 7o, =72 ¥ A ZOMfxIaz > W24 2
LAREL 72D,

Fig.l MMt cERlEN=T AT 7 4 % —ThD SEM g
(@ F—F 2R ()T / Fa—T7HIK
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2-2 TSI D S
TERL L 7= R DO R & S RT3 2720, F /R 1fif
oty 27 Lafifl Lic, KR 2T A%, [@a07 7 v
VIEE AR L. 20U X0 SR A VR TR CIE R AT
b, &iathA X, @, REZR SICBET 2 EREIUET
HITEWTED, COy HAFEAIT LV AR L 7zKH O
RIBDORLEE /345 % Fig.2(a), O A ATEANIZ LV AR L 7%
TR ORIE 45 AR % Fig.2(b)I2R L7z, SR ia ok
50~200 nm TH Y, KJAHHIT A7 4 V& —& LTl
FALEZZAE TV FIEDF 7 FLE L IFIEE L WVIREET
Hol=, LoT, MHKIIXT /) XTIV THD EWETE
oo LML, F I/ ARTAOY A I TLH T/ RO
FRERLC T 2o Tz,
Fig2 F /RPN AT L LV IGHITRER
(@) CO2 A ZJEA L TARK S 5 Wit Ea
(b) O2 H A ZFEA L TER SN A KT
2-3 AT DIETERESR
BSIEAIE, T/ NI A TH D Z DR TE 720 IEEBEREOBE 217 9 < B A 3L (ESR)
HEEFEA L, HFEEL TR I v TRERWDIAE Y T vy BV ZTIRICTHIEEI T2, b7 v 7HNZIX
DMPO (5,5-Dimethyl-1-pyrroline N-Oxide) % W »TAT o7, Fig.3(a)lL. CO, W A A FIH L THRL L 7=k o>
J XTI BIT DIEEBRBZRE/RR TH D, CO, T AZFIH LIEGEIE, A7 NI a3k En, —7.
Fig.3(b)I&. O2 H A ZFIH L CTARK LIz DF /) RTITIFIEALT T AR TE 220y - 7=, Fig.3(@) D
FRMT ORGSR, M SA-IEMEREERIT e FaX i AT 00 (HO-) ThH I ENERTE-, 20k
RICEY FEATADEBENZ L VERT DT OHNVENRRD Z EDNRINT,

(2) B hydroxyl radical{HO - ) by

& | | n L] |

‘*—-"Lfﬁrf‘w‘/-’“\/r—’kﬂr—\\ - ) e 2\

| I | I I ]
= 335 L ksl | 335 341
Magratiz Figld (mT) Magmatis Field (mT)

Fig.3 ESRMEIENSHELNIZT /) NI MIEIT D ESR A7 T A
(@) CO2F /37 (b)) O2F/ "TL

3. £&0

BRI LI K WAERLES =T IV F 7 4 L Z— 5 TE D72 IR L ik, fE o PEICikE L TR
ORI o HRRERIEHT 5 2 LN TE D, Ak LMiRiaix ) 2 Rt ofrdE@E L v . BoJ) 2
TNTHDLI ENbhoTe, SHIT, WAMMEERTSHZ LTI UHNVARSE L FEEOE VDR SRR
WERIRD T ) RXTIVOERDBAREE 2 V1G5, RSN Raxi T Uhid, ZEHEE HIEVEED
DENDH LD, S, BREEMZ EOKEEE S & O EED T TETH D,

27 30k

1. JEEER FE=TF ) Fa—TDOF A REH 2018, 69, 12

2. Ma, T, et al. Characterization of Bulk Nanobubbles Formed by Using a Porous Alumina Film with Ordered
Nanopores. J. Phys. Chem. B, 2020, 124,25 5067-5072.

3. 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
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of A MIR", PEEFREF. ABRHBER", TINRE, LRk

Creating Heat-releasing Drug Delivery System -Syntheses of ferrite nanoparticles and mesoporous silica-
by oNobuhiro MATSUSHITA, Aiko SANO, Yuta KUBOTA, Yasuhiro NAKAGAWA and Toshiyuki IKOMA

1. HEEM

KNIZRIT DY DI O KALIZIE, 3 2 @08 2 HHT- B - ROBFIEA AR E e D, 2 & [FH
BilcH 2 5 FHED 1 DI KT v 7 F U AR — 27 A(DDS)RN 5, #x 72 DDS MBI IZE SN CE /T
7= FA4 NP R TIIBERFE S K o C DDS R 1A HRUALE £ CTHGERTREIC T 5 70 &, EE72 DDS Mkt L
PEEAHT B D0, RIS (AMF) % 230 T2 BRI A U 238 B EFIH LT eplT 72 B EN % < 22 ki
BENTOHEBEE L TSHOULAM

RPN L SERE L 2o T D, FIT _ . ’”\_ ‘(*\ 6o
FrxlZ® 1 ICRT LD RT =T4 M) s oY
HIFa ROl L A Y R—F 22 DT oA MIRT 0 AVUR—SAIUR
S TR 072 A B % A I 525 AN S | HEEatt
5 %77 DDS KL T-AERL L, Z OiAf o BsEX R igﬁigi
BT BB R DS 2L L LT, | RRMR S e

ARIREZ Bl LTI H T 54
JEE EFOBIECEND 7 = T4 M/ Figl FesOs 7 /R F & XA Y R—F 2V Y B EMHAEDE
R 2P L7 BT . Zhza7 L LT 7= DDS #4184
B DR ARER A Y R—=F ALY
B DOERA~ EWIEE DT,

2. HAREE
2. 1 FeOsF/HFDERK

K FEDOVERIZAH 1 X > TFeCly & FeClaAy £ /L H2:1(total 3.5
mmol)iZ72 % X 912, /K15 mLIZIAEfR L7, % Z123.5 mmoliZ
® L TO25D R TH LA T b U w7 L% KIS mLIZEMR L
THLOEBELARNOI N Lz, D25 wt% NH3 aq% 5 mL
B LR T L2, 40 c m PTFEISIRICE L, A— 7 L—
TUZAIL, 220°CTIRFFEMBN L 7=, =i F ¢ FiF T, 5000 rpm
TR OB 20 72 TR e % 10000 rpm, 1055 [ T2 e
L 72 TO RO KT/ S8 T60°C TL2MF Rzl S B 7,

XRDDOFER LV | AR ENTZRFIZAE R LT =T A FHAH
THY, FeOsF VR L7 TND I ERhoTlz, EHIZ
Fig.2 O TEMIE 2 & | Ak S 1172 Fes0q 7 / R 13 R £211.6
NMTIZIEE— R F & 7o T2, = DFes04 7/ R T DR
E 27UV AM-H)V—TZWE LT L 2 A, fafaéiti$60.4
emulg. (5 7/113118.3 O T, —ff)7sFes0sF /4 7- L[ Fig-2 FesOs /K- TEM iR
EDHTH o7,

AVR=F ALY T EEEALDT-DITHEBEIGHR ARV IR LT 2 A, 2 TORBHZBWTHE S
A= XRDRAIEIZ L D55 ETEMBBIZRIZ L DR A APIFREREOF R ThH T2 &b 7
0t ADBEMENHER TE T,
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2. 2 754 MF/HFEAVR—FRL) HDEE

fiZk 38 mL |2 CTAB 80.8 mg, 7 =7 A K~/ ki1 50 mg & AIL7=¥HZIZ 2.0 M NaOHaq 282 pL
Nz 72, 80°C, 600 rpm C 30 mind&#k L 72# (2 TEOS 403 pL i F &[R4 T 80 mindi#k L
= OEWH AEIZ L0 R, Pei(ikx2, =& ) —nAx1)&4T - 72, miEE R (550°C, 1°C/min,

4 W) CINBVWEE 21T o7z, 7= T4 PRt EETHERLIZA Y KR—F 22U @ BET #l
ERERTHLD, HONTE AT VANV EBPTHNDLZ A VHEA LTS EHERITE
7z, Fig.3 ICEALILEEZ OREIO TEM B A2 R~T, ZHE V., 7= T4 M /2R 725 60nm 2D
AVHR—=F ALY IRNICNE LTSI EEMR LT, Figd IZIX7 =74 M7 RTBLOT7 =
FA M F RFEND LTIZA Y R—F AR ORE ATV AN—T %R, 7274 M kL
FHERAIR—=F AU D TEH L BANEREDH -V O iE[emu/g] 73K E <D LI-aFge] &
WEINTWD[L], AEWERTIIIED 7 =7 4 M 2RO b Sfafiiiit Ms @ 60 emulg 73 A V7R
— T A LDOEAIZLY 22emulg £ THA LTINS b DD A48 O BB K 5 INEVEER T,
TR BBENIFCEDOLREITHDLEE XD, B, LD 7 = T4 MRLFOLREES) He 1180e A3
AV R—=F AL DEEEOHETIL870e LD L TWNDLDIE, 7=TF4 b/ KiFHEKDEK
BN ZAL LT 09 L0 iE, Atk o Te 2T U o 2 —FHERD 7 = F 4 ~F /R[]
DEEHENHEIL D Z L2 K > THBKII RGN E TR THH L b b,

100 7
& i
> 1
£50 '
< :
= :
L7 S
8 _
2 i |
250 ! , N
= i i B
- e

_100 I L I II I 1 I

-20 -10 0 10 20

Magnetic field H (kOe)

Fig.3 FesOsF /RiFEWNE LTI A Y R—T A Fig.4 FesOy 7/ hif-& A ViR—F A & DEE{LML
U D TEM # BB OO M-H H—7

3. FLHESHDOHIG

RETEVERI O A VA VB % T /KBEIZ L » THOBIMED &V Fes0sF / R+ DIERL L 7= £ T, £
VYIR—=F AV B EEAE L, ERELTI6nMED 7 =T A M 2R 2 NE L7260 nmED X
R—=T AU A OVERNT R LTz, FesOuF / Kit-%a AV R—TF ALY H T -EHE, & Ed
WESEIINZ & 0 80°CRRIZHEENT 5 & FAIZ U FTRBIC T X 5 & OHEENRH 5, RAFEEITE T,
AMFZ EIHN U 72 INENGEBR 248 0 IR LAT > CHREMFFIEDHIEI 4 FTRE & L7z BT, Rifid» & OIEAI L H
HERE 2 £ > 7-DDSHMELOERI~ L iF e 2 6 5

4. BEXM

(1) Jixi Zhang, Synthesis and characterization of pore size-tunable magnetic mesoporous silica nanoparticles,
Journal of Colloid and Interface Science 361 (2011) 16-24.

(2) Julien H, Comparison of thermoresponsive Diels-Alder linkers for the release of payloads from magnetic
nanoparticles via hysteretic heating, JCIS Open 4 (2021) 100034.
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SYBF L A - EERRHERRRTEH Y
£ Au-Cu-Al IZREEIE A E OB E ICRIZTTHBROZE

BORLHERY BrHEilalaarsehe  AOREEENIZEET  Ff

FORERRELRT:  ARME TE e OvgiER

BRTHERY: B HAIRRArsth: 7 a7 ¢ 7 HEHIFZERT

(e RpESEHANAFSERT) Kang Wei Goo, ®F-VEA7, BRBEfE, HJFIERS,
Tso Fu Mark Chang, SRIEAN, FhEN, HHHFHH

HALRFRFPE o A ER &molas

HORERFRFL PR L EseiT )R —

Effect of Phase Constituent on Mechanical Properties of Biomedical Au-Cu-Al Shape Memory Alloys
by OAkira UMISE, Kang Wei GOO, Naoki NOHIRA, Wan-Ting CHIU, Masaki TAHARA, Tso Fu Mark
CHANG, Masato SONE, Hideki HOSODA, Hiroyasu KANETAKA and Masakazu KAWASHITA

1. BrEE .
AU-Cu-Al &1, ERESERTS, AuDLdhEEkE i oA

HUERIT, XBEBERSE D, ERERORRTOMA 2 $

P CE 5. 72, AUCU-Al BBOBMIMTHS BI (L2 =l i

i) LEREMATH BT YA MME (M AH, Doubled B19 100 " STAWHCW 1AL

HEE) DRI TR ZERE D B TR SR (SME) 728145 & Iy PSS e

NTW5B. LR ->T, SME X% DOHREMEND, & 54K e s
ERA~OSAREIES NS, UL, S5 ALCU-Al A4t F9l  TATYIA ML aiEans

WRREE O 7= IR W <, BEMTOF 701% LWL F T = & &0 UTS LRETOT 7 OBIR[A, 5]

BN > TWBD[L]. Z D K 9 7 et ORI IENEAR %2
WMATDHZ LXK, RIS, B8OEENT LT 5
ERWEINTWAR] 72, BREESS DS TIE,
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Fig.3 56Au-30Cu-14Al, 57Au-30Cu-13Al @ SEM
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Formation of octacalcium phosphate with incorporated 3,3'-dithiodipropionate ions
FORERR AR B T gear ORigE RS, BER RR. JINE 5 —
by OTaishi Yokoi, Masaya Shimabukuro and Masakazu Kawashita

1. Research Object

Octacalcium phosphate (OCP) is a layered inorganic compound, formed by stacking the apatitic and
hydrated layers. Within the hydrated layer, hydrogen phosphate ions can be replaced by a diverse range of
carboxylate ions, predominantly dicarboxylate ions. Incorporating carboxylate ions into OCP shows great
potential for various applications, including bone-repairing materials, specific adsorbents, and electrode
materials used in supercapacitors.

In previous studies, we successfully incorporated carboxylate ions containing aromatic rings into the OCP,
resulting in the creation of fluorescent OCP materialst. This material development serves as an excellent
example where the selection of guest molecules based on their chemical bonding contributes to the
expression of desired functionalities. Hence, the selection of guest molecules by focusing on their chemical
bonds is effective for developing new functional materials. Regarding the chemical bonding of guest
molecules, only a few molecules with atoms other than carbon in the main chain have been studied.

Disulfide bonds, known for their weaker strength compared to carbon-carbon bonds, exhibit multi-stimuli
responsiveness to heat, pH, and light2. Therefore, dicarboxylic acids containing disulfide bonds are valuable
for the design of new OCP-based materials with dynamic properties. One such dicarboxylic acid is 3,3'-
dithiodipropionic acid (DDPA), with a disulfide bond. Despite its great potential, previous attempts have not
been made to incorporate DDPA into OCP. However, suberic acid (SUB), which has a molecular structure
similar to that of DDPA, has been successfully incorporated into OCP in the previous studie®. Based on this
observation, we anticipated that DDPA could also be incorporated into OCP. In this study, our objective was
to synthesise OCP with incorporated 3,3'-dithiodipropionate ions.

2. Experimental Results
Figure 1 shows the X-ray diffraction (XRD) patterns
of the Pure-OCP, DDPA-10, DDPA-25, and Sub-OCP.

i? O OCP phase
Here Pure-OCP, DDPA-10, DDPA-25 and Sub-OCP '

|

&)

I

L

et

o

D

#1190 Sub-QCP

mean that these samples were synthesised without
using dicarboxylate ions, using 10 mmol DDPA, using
25 mmol DDPA and using SUB, respectively. The
reflection peaks of plain OCP (i.e., OCP without
incorporated carboxylate ions) were detected in Pure-
OCP patterns. The XRD pattern of Sub-OCP is
consistent with the previously reported XRD pattern
of suberate-ion-containing OCP3. In the XRD patterns

of DDPA-10 and DDPA-25, two reflection peaks are I,“_T : | , G i
detected in 3-5° range. According to previous studies, 3 10 zln 30 40

the 100 reflection peak of OCPs with incorporated #8 [sagres)

dicarboxylate ions appeared at a lower angle Figure 1 XRD patterns of Pure-OCP, DDPA-10,
compared to that of the plain OCP due to an DDPA-25, and Sub-OCP.

increased dico value owing to the substitution of

hydrogen phosphate ions with larger carboxylate ions. Hence, it is reasonable to assume that these
reflection peaks are 100 reflections of OCP. The reflection peak detected at a lower angle is attributed to the
OCP with incorporated 3,3'-dithiodipropionate ions, and the reflection peak detected at a higher angle
corresponds to plain OCP. With increasing amounts of DDPA used in the synthesis, the intensity of the 100

- | DDPA-25

DOPA-10

Intensity (arb. units)
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reflection peak detected at lower angles increases, indicating an increase in the volume fraction of OCP with
incorporated 3,3'-dithiodipropionate ions.

The incorporation of 3,3'-dithiodipropionate ions into OCP was confirmed using Fourier-transform infrared
(FTIR) spectroscopy and Raman spectroscopy. The FTIR spectra of Pure-OCP, Sub-OCP, and DDPA-25 are
shown in Figure 2(a). The identification of the absorption peaks was based on a previous reportt. All
absorption peaks in the Pure-OCP and Sub-OCP spectra are attributed to the plain OCP and suberate-ion-
containing OCP, respectively. The peak derived from the hydrogen phosphate ions in the hydrated layer is
detected at 1193 cm! in Pure-OCP, whereas it is absent in the Sub-OCP spectrum owing to the substitution
of the hydrogen phosphate ions in the hydrated layer with suberate ions. In addition, the absorption peaks
derived from COO and CH: groups of the suberate ions incorporated into OCP are detected within the 1600—
1400 cm range in the FTIR spectrum of Sub-OCP. For DDPA-25, an absorption peak is detected at 1193
cmL, but its intensity is distinctively weaker compared with that of Pure-OCP. This result suggests that the
hydrogen phosphate ions in the layers of DDPA-25 are substituted by 3,3'-dithiodipropionate ions, similar to
the case of Sub-OCP. In addition, absorption peaks derived from COO and CH: groups are detected in a
range similar to that of the Sub-OCP spectrum, namely, 1600-1400 cm-1. These results also indicate the
substitution of the hydrogen phosphate ion in the hydrated layer by 3,3'-dithiodipropionate ions. These
results were consistent with the XRD results showing that the DDPA-25 was a mixture of plain OCP and
OCP with incorporated 3,3'-dithiodipropionate ions (Fig. 1).

Disulfide bonds possess high Raman activity. Figure 2(b) shows the Raman spectra of the Pure-OCP,
Sub-OCP, and DDPA-25. The characteristic Raman peak at 510 cm~ in DDPA-25 is attributed to the
disulfide bonding. This peak is not detected for Pure-OCP or Sub-OCP. Therefore, XRD, FTIR, and Raman
analyses comprehensively indicated that 3,3'-dithiodipropionate ions could be incorporated into the OCP
interlayer, and the disulfide bond remained intact during the incorporation.

Figure 2 (a) FTIR and (b) Raman spectra of Pure-OCP, Sub-OCP, and DDPA-25.
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Evaluation of Bone Formation Potential of a novel calcium phosphate-containing inorganic compound
by OSatoru Egawa, Motonori Hashimoto, and Toshitaka Yoshii
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SLM-fabricated 3-unit fixed dental prostheses using island scanning strategies.
by OAtsushi Takaichi, Yuka Kajima, and Kobayashi Yoshio
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Local injection of Hydroxyapatite electret for hind limb ischemia
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by OJunji Yamaguchi, Kensuke Ihara, Kosuke Nozaki, Akiko Nagai and Tetsuo Sasano

1. Background/Objectives

Critical limb ischemia (CLI), which is caused by the stenosis or occlusion of the artery, is
increasing with the growing aging population. Although oral vasodilator, antiplatelet agent,
endovascular and surgical revascularization are the current standard treatments for CLI, the
effect is limited. Hydroxyapatite electret (HAE), which is made by the polarization of
hydroxyapatite ceramics, is biocompatible and is known to have the angiogenic effect [1,2].
This study aimed to clarify the effect of local injection of HAE on hind limb ischemia.

2. Methods

Hind limb ischemia (HLI)
was made for BALB/c wild type
mice (8-12 weeks of age) by
ligating the common femoral
artery, deep femoral artery, and
superficial femoral artery on one
limb (Figure 1). Immediately
after the ligation, a total of 200 pl
of PBS, HAE (1, 3, 10ug/ul)
were injected to the infarct area.
Six mice for each group were
made, and laser  doppler
velocimeter (0, 3, 7, 14
postoperative  day  (POD)),
treadmill test (14 POD), and

Figure 1. The schema of HLI and HAE. injection.

quantitative PCR (qPCR, 14POD) were performed.

3. Results

Auto-amputation of the limb
was observed in 3 of 6 (50%) in
PBS-injected mice (PBS group),
1 of 6 (17%) in HAE 1ug/ul-
injected mice (HAE-1 group),
however, none was observed in
mice injected with HAE 3ug/ul
(HAE-3 group) and 10ug/ul
(HAE-10 group) as shown in
Figure 2.

Treadmill test on 14POD
presented that the total running
distance was the longest for PBS,

p-87

Figure 2. Visual assessment at 14POD.
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followed by HAE-1,
HAE-3 and HAE-10
groups (Figure 3).

As shown in Figure 4,
laser doppler velocimeter
demonstrated that the
laser doppler value of
thigh muscle was
significantly higher in
HAE-3, HAE-10 than in
PBS group (p=0.03, | Figure 3. Treadmill machine (A) and the results at 14POD (B).
p<0.01, respectively).

Figure 4. (A). Laser doppler image example of PBS group at 1POD.
(B). The time course of laser doppler value ratio (pre, 0, 3, 7, 14 POD).

Figure 5. gPCR results at 14POD

However, Vegf, Hifla, and Cxcl12 expression levels did not differ significantly between
groups (Figure 5).

By injecting the HAE to the infarct area, the decreased auto-amputation rate, preserved
exercise capacity and preserved blood perfusion to the ischemic area were observed. However,
angiogenesis factors of Vegf, Hifla, and Cxcl12 were not elevated with HAE injection, therefore,
further studies are needed to clarify the mechanisms of beneficial effect of HAE on HLI.

4. References
[1] Nagai A, Life Sci. 82: 1162-68 (2008).
[2] Yamaguchi J, Circ Rep. 4: 38-47 (2021).
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Amorphous Mg-Ca Coating for Dental Implant Surfaces is Enhancing Osseointegration
by ORisa MIYAKE, Masaya Shimabukuro, Masahiko TERAUCHI, Masakazu Kawashita,
Eriko MARUKAWA, Kengo NARITA and Shigeru YAMANAKA

1. HREHN

WEA 7T MZBWT, ROty A A 0T 7L —a o OBEITIRER 2 8E S5 72 DIcE
BChD, FHIOF vy vA AT T L—a U ERERT DRELHEIN & U TEHAMBLBEDN LS TN D
D, KRERPICBIT HBAREDOHEFFNFRE CTH o 72, THETITAFRE S V— 7 TlIEME Mg - Ca 544 —
Ty hBIO~rRxbha ARy H ) T AW RIEREZ L > THOND T ENLT 7 A Mg-Ca 2—7 4
VI BHUKERIE RKRKTICB W TCHDIR#ET A Z L2 AL T& 7z, SEEAI1X, ) D20 THLT
F)T 7 A Mg-Caa—T 4 7 DRSS LD Mg & Ca DA 4 N2ER Lz, BEHIZEHEWT Mg & Ca
AT BB END A A EE L THLN TS 1,2, UEXLDTENLT 7 2 Mg-Ca 2—T 1 > 7 A
fif LTt &5 Mg & CaA A > WWETRIRHEIZ & D K 9 7B % M IE 3 O % in vitro il BRIC TRFE L 72,

2. MIRAR
2. 1 MO L YT

EMThHorF 2 Ml (010 mmX15 mm) FREIZA A RGN K0 BB A L=, ZoBkL
T EE T, 2FED Ca B AR (0, 30%) THLEMEMg - Ca ¥ —7 v b Ar FEAHP T~/ % br v AR
AV TFTHI LTI, MiMg 2—T 4 BTSN TF X MR (Mg0Ca) 35K TN Ca & 30 %E e
Mg 2—7 1 ' I BT B &= F % i (Mg30Ca) % E#L L7 (Fig. 1a), 3°XCTD Mg-Ca 2 —7 ¢ 71X,
EABTE T BMEE (SEM), X #REHT (XRD) | FEH S HIEIC X 2 BPBHEH 4 J26i L7, Fig1b & v . Mg0Ca
& Mg30Ca 1L F % R OBl %2 KT 5 K Hica—T7 4 > 7 CHEbiu T\, Fig2 v, MgoCa ® Mg
IR AIRRETH D DK L, Mg30Ca 11 35° Tl 7 m— R —27 BNiER &, Mg & Callkp5%eee T+
NT 7 ARETHDLZ ENRAHENT-, £/, Fig 1c k0., a—7 4 VI EIC LA EREHS O ZL
HENTHDZ EPHER SN,

o
L]

X, :"::-l_— fN ¥ T
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2. 2. HERRIBSEEAER & ALP jEMEETAE

TEINT 7 A Mg-Ca 2—7 1 > 7 NERNTIEME LT Mg, CaA 4> 2T 2REEZHIRT -0, &
FEAE MR P& RB A IRIE L, 2 Oz AV CF 3R lassiiie (MC3T3-E1) DOHEFEAECRERFR 72 ALP
TEMEZ T LTz, 22— 7 ¢ & 7 OREEMRIZ L0 iR O Mg, Ca A AU ITBEIRE L 20D . ZThb DA 4
VEAEN pH & ER SE A0, MHRERKIIE S U CilaEE A R T LB X bbb, EE ®$¢WT
BRI A AP L T ZEREESND 20, KilktE MEM o 3.925 mL (ZiRig S E7=1%, #
DAL 2 MEM o C 10 #5478 L CREAl & 5206 L 7=,

ICP-AES |Z & » THllliE L 7= 10 {57 ottt Mg, Ca A 4 2% Table 1 (2773, Mg0Ca 3 LY
Mg30Ca @ 10 {7 RAmH A, 5528 1 H BIZH T MC3T3-EL Ml 2 Fh 2 R SR WZ & 2R LT
(Fig 3a), ALP %ufa, ALP iEME, ARS Yea DOFEfliD 7= 8, 48 » = /L2 MC3T3-EL fifid % 1.0 X 10* cells/mL T
500 uL FOfERE L, KalBto 10 (FARaiE 25 & U s 247> 72, ALP 4ufa, ALP /&M, ARS %
BOFHMIZ BT, LB (MEMa+B-7 0 8a Y VEE " U ¥ AKFY ; 10mM +L-7 A a1 e
VEE2-V U ATV =F N Y A B0 pg/mL+T S A KX Y 150nM) T L0 /5 AR L 72 dl i A =
Fig 3b, c L0, £2& 7 HH CTO ALP{EMEICHTEA B ZITRD DR o 7203, H54 14 A BHIZH\\ T MgoCa
& Mg30Ca 2% NT (Zhuils L THEIC bM&P%ﬁ%ﬁﬁbt;&#%ﬁéﬂtoé%K\%%ZlﬁEKE
i} 5 ARS et Cld, Mg30Ca 28 NT & [Rl% D4 [KILE %7~ L7= (Fig 3d, e),

PLE LY, Mg30Ca DI A 35 Mg/Ca A A L IREHICI W T, R HRFEIC Il L CTHE 7 ALP {E %0
e & . RO ARICIEERBD bR Wa b, LoT, 7TEALTZ 7 A Mg-Ca2—F 4 I bIEH L=
Mg, Ca 1 A v DNHEfRIEFEIC B A 5. 2 5 Z & 72 < BIRAUSAH N < FTREMES RIR S vz,

Table 1. # Bt DAL 10 (547 #% D Mg, Ca 1 A L IREE
MEM o MgUCa Mg3DCa

MM
L | ”\]U[.]

a 0 mn P NTA R & mgI0C,
cu M0 Ca f | © =
€ 54 7] M MgI0Ca G " —
o - © .
ﬁ ns N 8 RNl
@ 7 x 10 — = o
o w 3
= += LY
S h Si. =
o = ay
L § o Ty
Q110 | S ®
%ﬁ A~ © . £ o
SRR l;L 0 =

— =

e S <L )

iy iy day
Culture time Lulture time Culture time
Fig 3. &M% v 72 MC3T3-EL Aildd 1 HEERZ OMIREE (a). 14 HEZE%Z O ALP Yt (b)
BLOT, 14 HEE#E% O ALP IEPE (€). 21 HE:%1% O ARS Jetafg (d) B X ONEREE &5 2 (e)

3. &EXH

[1] Murni Nazira Sarian, Nida Igbal, Pedram Sotoudehbagha, Mehdi Razavi, Qamar Uddin Ahmed, Cortino
Sukot jo, Hendra Hermawan, Potential bioactive coating system for high-performance absorbable
magnesium bone implants, Bioactive Materials, Oct 27:12:42-63 (2021).

[2] Shinichi Maeno, Yasuo Niki, Hideo Matsumoto, Hideo Morioka, Taku Yatabe, Atsushi Funayama,
Yoshiaki Toyama, Tetsushi Taguchi, Junzo Tanaka, The effect of calcium ion concentration on
osteoblast viability, proliferation and differentiation in monolayer and 3D culture, Biomaterials,
Aug;26(23) :4847-55 (2005).

P-90



>< WA
ﬁﬁ‘%‘ﬁ%?ﬁ%% — Reseorélhxresult report -

GYEF AT - ERREE AR B

Increased Mechanical Stability and Permeability by Filling the Interconnected Pores of
Porous Microneedles

HOR R R AE AT OBarthelmes Kevin, #iJf J&. At &
FaTg—nra—rRETEE Kittipat Sathitaphiwan, Nuttawut Janwimaluang

by OKevin Barthelmes, Kiyoshi Ikehara, Akira Matsumoto, Kittipat Sathitaphiwan and
Nuttawut Janwimaluang

1. Research Object

The porous microneedle (PMN) patch, a two-dimensional array which contain sharp needles with
interconnected pores, has recently attracted increasing interest as minimally invasive tool for transdermal

drug delivery and fast interstitial fluid absorption.® Polymers as
a porous material have been applied and they possess good
biocompatibility, increased permeability, tunable molecular
weight, and facile fabrication processes. Nonetheless, a sustain
and long-term drug releaseffluid absorption through the
microchannels of a PMN is still challenging. PMN pose the risk
of breakage and leave the debris of needles underneath the
skin and inflammation of the tissue can happen. Moreover,
clogging of the pores could result in discontinuity of the drug
flow. A denser network structure is one approach to increase
the mechanical strength; however, this usually results in less
porosity and a reduced permeability of the material. Herein We
report on the filling of the interconnected pores of a PMN array
with a soft and permeable hydrogel to further increase the
mechanical stability and retain the high drug release ability at
the same time.

2. Experimental Results

We prepared the PMN array made of cellulose acetate (CA)
by non-solvent induced phase separation (NIPS) (Figure 1)
following a recently reported fabrication process.® The formed
PMN array featured a smooth surface and uniform pyramidal
shaped needles with a length of 800 um which is sufficient to
penetrate the stratum corneum (Figure 1 A/B). The PMN are
opaque which indicates that they are porous because of light
scattering and SEM imaging showed a spongelike morphology
in the needle cross section with a pore size of around 1-2 um.
The porosity of entire PMN was estimated to be 80%. We
observed that the surface of PMN array was rather hydrophobic
and water absorption very slow. For that reason, we improved
the hydrophilicity of the PMN array by deacetylation of the CA
with NaOH solution. We immersed the PMN array in an

Figure 1 Optical microscopy images of the
PMN array (A/B) and the hydrogel filled

PMN array.
100 poe
S :
3
% 80+ —— 0 min
p=1 10 min
g 30 min
€ 60- \ - 90 min .
g S0 —— 180 min

1900 1800 1700 1600

Figure

wavenumber / cm™
2 ATR-FTIR spectra of the PMN

array and at different treatment time
intervals by NaOH solution treatment.

ethanolic NaOH solution and IR spectroscopy was used to quantitatively follow the process at different time
intervals. The stretching vibration of the carbonyl group at 1740 cm! disappeared almost completely after 90
min treatment time (Figure 2) indicating the success of the surface treatment. Contact angle measurements
revealed that the surface became more hydrophilic and the treated samples could absorb water significantly
faster. Note that the treatment process did not change the porosity or the size of the PMN array. However,

P9Il



.4 v— ﬁﬁj’%ﬁ%iﬁ%% — Research rem

Research result

after more than 30 min of NaOH treatment the mechanical stability reduced by around 30% according to the
maximum transverse loading force before fracture of the needles.

Next the interconnected pores of the PMN and treated-PMN (t-PMN; 90 min) arrays were filled with a
hydrogel by immersing them under reduced pressure in a monomer/crosslinker/initiator (NIPAAmM/MBAAM/V-
65) mixture dissolved in MeOH. The soaked MN arrays were quickly transferred to liquid paraffin and heated
at 50 °C to initiate the gelation process.® The hydrogel is the dominant species in the hybrid structure (i.e.,
80% hydrogel and 20% CA) A B
and the characteristics of a

hydrogel are present. For €

instance, after washing and L 400 318

drying we noticed that the ? 300 208 159 217
entire array started to shrink 2 500

by about 10% of the original g l(,)(,) | ﬁ H
size. Therefore, a slightly %

uneven surface is formed, £ 0

and the needles start to PMN HPMN t-PMN t-HPMN

bend a little (Figure 1 C/D).  Figure 3 (A) Mechanical strength of needles (dashed line represents the
Nonetheless, the sharpness  minimum force for skin insertion). (B) Skin penetration tests of trypan blue
of the needles remained stained mouse skin.

intact.

We analyzed the mechanical strength of the dried hydrogel-filed PMN arrays (HPMN & t-HPMN) by
transverse stress tests of individual needles and compared them with the PMN and t-PMN array, respectively.
In Figure 3A is the maximum stress before fracture of an individual needle is shown. The mechanical stability
of HPMN was on average 317 mN/needle, which is a 50% increase due to the pore filling process and a 5.4-
fold margin of safety over the force required for skin insertion without breaking (58 mN/needle). t-HPMN has
a lower stability of about 217 mN/needle due alkali treatment (see above), which is still 37% higher than that
of t-PMN. The skin penetration performance by insertion of the

MN arrays into trypan blue stained mouse skin was investigated. £ o 1500 1 I
After administration most of the needles remained intact and aE-.E 1000 - »"' =i i
only buckling occurred. As shown in Figure 3B, all MN arrays " *
formed microchannels on the skin, as indicated by dark blue -"’l-r; E

To study the permeability, we decided to investigate the §% b *t HPMN@:’S?“{:
insulin release capability of HPMN and t-HPMN at room @ “ 0
temperature and 37 °C. For this purpose, we loaded both 0 2 tlme?d 6

arrays with a FITC-labeled insulin solution and checked the

released amount by the fluorescence of the FITC. t-HPMN Figure 4 Accumulated insulin release
exhibits a much faster release rate compared to HPMN. The versus the time at rt and 37 °C

rate is even faster at 37 °C due to “burst” release induced

by shrinking of hydrogel above the LCST.

These findings should validate our MN fabrication approach to establishing both at once the mechanical
stability and the sustained drug release capability, an otherwise hard-to-achieve characteristic within a single
MN. This research has been recently published in Jpn. J. Appl. Phys. (2024) (DOI: 10.35848/1347-
4065/ad1d84).
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Development of iron nitride for magnetic hyperthermia
by Soichiro USUKI, Taishi YOKOI, Masaya SHIMABUKURO, OMasakazu KAWASHITA
and Tomoyuki OGAWA

1. BAREH

BE, DADHRIBBEEORBFE L LTI~ 7 3% A b (Fes0s) WAL H S U, BRI Tld Fes0s T/ KiL
T % & TRETE TR AN MBS OIRBEH I AV B, RBISEARDS A PN A k9 2 IR A O B R R BR &
HHNTWD, IREAFEORKFHEITZ OREBFHEICEEZ KT TR H D, & 2 THE I, FesOs LV
LRV b A2 R T ELERCER L, I EREFEICHVW I RAZED TWD, ZhvE Tlo, ZEgko—
DT D FewNy NEKIRBEWRIEDEEFE L L CTHHTH D WHEMEZ R LTS 12, LavL., FeeN, DARL
WA ERT VE=T TAEZHCDRLEN DD, RIFFETIX, FewNy & 135872 5 2k TH He-FesN 15 H
L. e-FersN DA RSAENZ OMEYE . BEREE, BLORBINEIC G 2 DB L2~ S 512, e-FersN O
MM ZFEm T 5 Z LI2 X V| e-FersN OREAIREVRTE FHIREFE & L COISH O AIREME A FET L7z 34,

2. HAREE
2. 1 HAHOER - BEMRNT - BKIFEHE

HEFEEE LT, ~~& A bk (Fe03) EF MU TAT I REHAWEZ, b a2MEL, €25 (fBf
RE <1.0%) OV r—7Ry 7 ANTEERRISDHEGRICE A L, ZORE% 230~260°C T 3~96 FFfH]
MMEA LTz, =0k, RELEZT Y /) — L CTHE L, —BERS S, Bon-REomE, falEs L 0%
FEABETNENT VX588 XM T2 i A AT 7 BEE (SEM-EDS) $5 & OV X #1424 & (XRD)
IZE VR RIFEORERURRME & IR SRS 15 (VSM) 12 X0 §FA L 7=,

[4 112 240°C,9~96 FFH]DESLEIZ L 0 15 7o el D SEM-EDS A A — VB X UNXRD /3% — 2 ZRT,
SEM-EDS B2 D5 FIC L AuE, sUEHIRIEL 200~300 nm De-FeasN F ki - 5720 | sElR DO EHE BT
ﬁm%%ﬁ§<&5monmwm%#6uﬁm%_ﬂwbt(llgi,it\aﬁwm_;bﬁiw@mé
NizZ e, REIREN LI NTND Z EBRHALNE o7z, E5IC, XRDJIEORER L, 3k
DG EABII S FREF 2N R < 72 D122 e-FeoN v be-FesN IZZ b Lz (K1 A), Zh kb, AERnOEHE R
DT, e-FeaN 72 He-FesN ~DZEIC L Db D EEZBND,

F LICRBOME R 2177, 240°C Tl BVAEERFRI AR < 22 21220 <, #ktofafuféift. (Ms) 1% 14.0
emu/g 2> 5 78.1emu/g IZHIR L, £REET) (He) IXEMLERIFR 24 RFH oD & Z 12K (32.00e) &7eo7z, -,
12 B O BVLER R Cld, BVULEEE S ER9 512580 T Ms 13 13.0 emu/g 7> 5 45.9 emulg [ZH K L7278,
He [ ZEVLPRIR FE 240°C D k /KR (254 Oe) L7257z, e-FeN L We-FesN D Ms [ XZIZ£41 22.2 emulg

240°C, 96 h O: &Fe,sN <|I> F?gN(w: 43.7°)
) (B%) 240,96 © 9| o o o FelN (20=42.9')
—— g e
'gmr o ©
L | i
240°C,24h : . = - A O ) o ok ‘J |II 240°C, 96 h
. b aiso: ___ms|___  mse : 200, 120} ?;l . . . &
e o = ° AP 2
al ¥ I = m
. ' 2915] 60 [ ey ey B
C £ o E S 14, 240°C, 120
24000’ o 5 !
LV S
= . Fe,0; I
s ._.__....;.-_..L.__.u._- it -
4t 500 &0 ™0 B 35 40 42 44 45 43
28(degree) 28(dagree)

Hgl@ﬁ®%@ﬁﬁﬂbtﬁﬂ®saﬁmSKX%V(E)kiUXM)M& v (f)
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EiUﬂBa?@f%é:&ﬂ®\ﬁ Table 1 #ARHORKUFFE
B Ms OIKFe-FeN 7> He-FeaN BULBIZME  BURIREE (Ms) (emulg) BRES (He) (Oe)
~OEIZ L BbDEEZLND, 220°C. 6h 140 100
F77. He MEE OBVLFRRERT 5 L O 240°C. 12 h 209 254
BULEE S TR E o7 D1F, B 2m6Mh 5@ 3ﬁ
WG L > T B 2 T De- 2@%@% 7& 1%
FessN F /7 ki1 DfEdh A A% 230°Cl o 13'0 Yy
FERENBE R0 EZ LN ’ ' s
% 250°C, 12 h 29.4 25.0

’ 260°C, 12 h 45.9 8.8
2. 2 RHEOFKBEME - ERSHE

Fli 2 DS TIERLL
7=k B D VTR D
FesOs % 43k S, 100 B e i i
kHz. 125 Oe DAtk 2| =240, 12h 1 g 240°C, 121
%I 10 srE ) T :::f;?’eh G 230°C, 12 h I
73 K77 b ADIR ;.;11: ﬂ,&-H' ¢ : 1 Em ‘ :
fE R 2R 2 1R o e By i,
BB ORBAE L, et R e | $ S5 e etrt e
DEFRENNT J o TE 0 e 200 'ii:;a:s;m s60 800 ] e 200 'ﬁ;a:s;w 560 800
,ﬂ: L\ 250°C\ 12 H?—]‘:Fﬁﬁo) (Tukey’s test; ***P < 0.001; n = 4) (Tukey’s test; **P <0.01, ***P <0.001; n = 4)

- 48

?’W@u?f‘?iﬂ Fig. 2 Fi % 4 CHER L 7= 308 & 4y B S A, 100 kHz, 125 Oe &S T I
;;;ghz%t%“ 10 REANIHE T 7 b LORE 5
: T ’ 7J—\‘ :O

e-FeosN & 5 WI TR D FesOq ORI EEM: 2 b R IR R 3Bk IZ & - THEl L 72, ABFE TR, &3k & e
P H1IZ 10,000 pg/mL O T 24 BERRE S & TE 2K 2 1~10,000 G712 BePEAR L (hh R 0.01
~100%) ., %~ ABRHELEAD
i (L929 Hfia) 12 24 My L.

QAR NE U, 2 OMBE. B SN

e-FersN X FesOs L0 & @il .g | —e—240°c, 121 §

BeaR L (M3 E), oM £ | Caoao £2

oW THBERAT T B2, £ 0] TR X

e-FersN 1% FesOs LV HEEDOEE 3 H

EWHLE (M34) 2emb, 8 o]

Bow P MEEEO—R &5 % O e r - Fe,0, 240k, 2L XL
Eﬂéo /—7\?&\ e-FexsN @%E}H@%‘I‘ﬁi ) Extr.act concentration (%)

75_’1&{@ éﬁé%\%fﬂ&)é 75§\ {Eﬂ (Tukey’s test, ***P <0.001; n=4)
P I B % AT Be-FeraN I, 28 Fig- 3 flix OFREE RO IIKIZIREE S 7z L929 Mo E47 = (F2)

AORSIBREEOEEL L BRURENSHRCE L LgkolRE (F)

HHTHD LSS,
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Fitkds LOERRE, AAREZ I v 7 AMAH 36 BRIk ARV T A, 2023429 H 6 H, 1AL
(4) FRHE—8, NPz, BERER, AR, I —, BESRIREVRIE R EEkT /K DB Rk

EAMIaEEIEREM, 25 AB BIAARNA A~ T U T VFERRE, 2023411 H 6 H, fF.

P-94



>< A
ﬁﬁ‘%‘ﬁ%?&%% — ﬂeseor@nhxresult report - =

GYF 1 A - AR R
FKEWHEBEFEICK 5T 7 D REA~NOREHEMS
SURPE BB RR TEIERT  OB)IIKVE, AT, JII TR —

Endowing Antibacterial Property to Titanium Surface by Surface Microstructure Control
by OTaiyo YUKAWA, Masaya SHIMABUKURO and Masakazu KAWASHITA

1. HAEBH

RS ~OBITICE Y, EBEE-CRBEE O FIRGES ML T, F2 2 (Ti) BEREERE AW
T AR S B LT D, ZHUCHEY, Ti REFRESR O 2 R E LT, FOEL L HiEREZ &
32 N TR E ARG (PI) 234 BER STV D, PI O TRHICIE, i MR B L RT3 2
L7 HIE OO B AT 2 Ti BEOSIEA LM E LTI CE 5, FROMET ) A— LD
ZEEERMRSL LTBE RS2 SIlc k0, MEOMIGEE 22 - i L, ME 2R ST 5 2 L 0|
HENTWD [1], T74bb, Ti REICT /) A— MOEREZMNLT D 2 LR TENIE, FOREREREIC X
S CHIEBETE 242 Z E 08 iff &S b, £ 2T, ABFZETIE, Ti RE~DT /) A— hLA—F—DKFE
WiExEHT 5T % Bk (nTiO,) DIELE . nTiO; DREIERERE D ERE A AT,

2. HAREE
2. 1 REEESH

{LZAFRIZ L > T Ti ZEARFRIEIC nTiO, J8 DIE AL & kAT, ALFERIZ AW 2RI O, EEE, ALPLRERE
DB LSRR, &R EOFRMETIZE VT, Ti EREEIC nTIO BB IND Z ERHLMNE R
-7 (Figure 1A,B), nTiO2 |F3H/E & 100~200 nm Ol 7 Xk E A A L, Ti REEERIZSFENMIL L T
W, SHIENTIO, D XRD R —2 L0 ZOFREMITEEL LTAF AR TIO, THHZ ENHLNE RS
Too TALHDOFERND | ALFAPRIT L o T, Ti FRE I 72 S E 2 A3 5 0 F VR TiO @ Bk S
NIeZ EBRABMNE RS T,

2. 2 IEEREEETE

{EFALEIT > T Ti BRI ITIEAL S 7z nTiOz J& DO EEEE 2 F2AE T 2 729012, Methicillin-resistant
Staphylococcus aureus (MRSA) 5 & OVE IEMifaARAIIE (MC3T3-E1) &\ 7z invitro SR A2 1T > 7=, Ti & nTiO,
FHEIZFH VT MRSA % 24 Befiiss#4 % & | Ti &1 TlE MRSA OHIN 524 A3fezR S 7= 28 (Figure 1C) . nTiO;
F 0 Tl MRSA OHMIEREIEICEE RO /- (Figure 1D), FAREHRHIZEIT 5 24 B % O MRSA

Figure 1. Ti (A) & nTiO, (B) ®# i\ SEM . Ti (C) BLWnTiO, (D) LT
24 £S5 L7~ MRSA @ SEM 4 & AR (E) .
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DAEBZRE LTG5, nTiO; BEICB 1T D MRSA OAFRNRLED Ti BHEL Y L AZICH A LTV
(Figure 1E), LA EDFER LV | nTiO2 12 O R EHIREIEIZ K - T MRSA OffiflafiEz 2 « iE L7 2 &
T, Ti#EL D MRSA Oz E LLIMH L7zt E X DD, BRI IZERE VT MC3T3-EL A% 24 B
MEEsE L7-fE R % Figure 2 (2% & 072, KBl EMHIZH T DO IEIC AN TR H AL, nTiO, i Tl
R A STz (Figure 2AB) . —J7, SabEtREOMBEFRICBOTHE, WINbLRERRETH
S72Z &b (Figure 2C) . R OMAIEE XM BR) 2 BN R E RS 72N ERH O E o7z, LD
KLV nTiO T I3 L COREAIMEIZN R 2R T Z ERHAL N E R 5T,

s nTiO, 8 200
w
o =
g =150
2
: § Nn.s.
= =100 . I
o =
E 8
T
= 50
- O
o
3 0
S Ti nTiO.
2
Samples

Figure 2. Ti 38 X OV nTiO, b T 24 BrfijE%#E L 7= MC3T3-E1 Ml s e afg (A) &
fuErrE (B) . (A O A7 — L 3—(F 100 um % 759.)

ZHETIZ, PI OFF & SR U2 AR EIBRR Tk, B EOMERPIER &2 B4 25 2 & THEMEM S
PITONTET [2-4], LU, 240 OFENRIIFEA ORBOA IR T 5728, RERMERIFRNZ 2R 0
WS - T D2 EDNFRE TH o 72, nTiO IEHEEHEAEIC X - CTHIFFIMHI IR 2 BT 5 72, K ARINZ D)
REFHET D AIRENVED & 5, 4 1% nTiO, DHEFENGIZh R O FFfe I D FEFEL nTiO, & Ti Kot & DA TREE
nTiO, BT 2B FMAa DS, BERIEME, MBIEREZ 0T 52 & T, PI FRI~O I TREME 2 7R
Eaa

3. ZEXM

(1) E. P. Ivanova, J. Hasan, H. K. Webb, G. Gervinskas, S. Juodkazis, V. K. Truong, A. H. F. Wu, R. N. Lamb, V. A.
Baulin, G. S. Watson, J. A. Watson, D. E. Mainwaring, and R. J. Crawford, Bactericidal activity of black silicon.
Nat. Commun. 4, 2838 (2013).

(2) M. Shimabukuro, Y. Tsutsumi, R. Yamada, M. Ashida, P. Chen, H. Doi, K. Nozaki, A. Nagai, and T. Hanawa,
Investigation of realizing both antibacterial property and osteogenic cell compatibility on titanium surface by
simple electrochemical treatment. ACS Biomater. Sci. Eng. 5, 5623— 5630 (2019).

(3) S. Aoki, M. Shimabukuro, R. Kishida, K. Kyuno, K. Noda, T. Yokoi, M. Kawashita, Electrochemical
deposition of copper on bioactive porous titanium dioxide layer: antibacterial and pro-osteogenic activities.
ACS Appl. Bio Mater. 6, 5759-5767 (2023).

(4) M. Shimabukuro, M. Kobayashi, and M. Kawashita, Metallic substrate influences on the osteogenic cell
compatibility and antibacterial activity of silver-incorporated porous oxide layers formed by micro-arc
oxidation. ACS Appl. Eng. Mater. 1, 2288-2294 (2023).

P-96



ﬁﬁ%ﬁﬁ%iﬁ%g — Reseor%‘h\result report !“ —

Research result
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E-FEE RO RA % B L =Bkt dECM DBAFE
FURBERHERCE AERARTERIERT  OSAREMN, AR, AR FER&HR

[ IR R e [ ol S S At et B FIEGA, ARAS HLR
FRRFERRT: JomEmERFEIET  mBZAE. 1HKER
FALRZFERZ B o2 5eR) W PR, YRS
EHTHERY: VAT AFLT A ZE -

Development of mineralized dECM for hard-soft interregional tissue application
by OMika SUZUKI, Yoshihide HASHIMOTO, Tsuyoshi KIMURA, Akio KISHIDA, Masahiro OKADA,
Takuya MATSUMOTO, Hironobu TAKAHASHI, Tatsuya SHIMIZU, Masahiro YAMADA, Hiroshi EGUSA
and Naoko NAKAMURA

1.&%@%
ARITIX, B, B B-ECE e & OB & R & OSSR S D, T OB ARRRIT, 1

ii:‘:‘?ﬁfz’\ TR M BB (7T —vay) THEM e EEA L., ﬁﬁ-ik;ﬁﬂ%éﬁf/*‘.b\ L Ak

BLTWD, ZOXD REMERREL AT H5RM L1

AT 27010, 2 E TIOR KL RN R A2 . AR r“\

Hag—r vy — NEREE LT AR R Y B SO _“,".' ; -— /

JEEAE IR S X OVE ZEM IR AR iR 2> © 72 2 SRR sECM :

fu s — MBAFS 72 EARELI OB Z BiE L2 (BB D) R H -

B EATON T\ S, MBFEE T, Akl T 4 4 — M

.}
Y

MOMAERE LMt~ R vy 7 2ATH BB : L3
M (JECM) OISO —> & LT, 720 - B

LA 5 72 % dECM 2 FIARIRIC SR B L 72 B0 — o Eee
AR OBRE. T OENHAEHRRE OB S E -

N " m ; Fig.l M- #iHELEE R~ OIS 2 B 15 L7 A R AL

FAREERANIE 2 T 5975 72 O DAY 17 IRALIE D Bl %6 .
EBRELTND, dECM o> B J& ik i

2. EAE
2. 1 AKXk dECM DFAE

THELEEZEA L, SEEMEOEZ AW e, EFPKE (HHP) 38 X OV s EANEIZ X 0 A b O s 2 3
L7z, HE Yefads L UL DNA E&EIC L 0 Bfia b 2 54m L 7=, Bl b oiEoAIRKIBE, U oy
U LERRIED — D Th 2R AREEEZ AW, REREEZ, MEZ vy o A (200mM CaCl, in
Tris-HCI(pH7.4)) 3 X VY U ERTEIE (120mM NaHoPO,) (ZHiK GG & 7708 B AZ HATIRIE T 2 HIETH 5,
AR AR L DR D AR - 32 8 D VIR AL IR Ly &?ﬁﬁ%%%ﬁloﬂkbfxﬁ&{@ﬁﬁ(sw
[) CTORKIEEBRR Lz, fAIRILOEEZ SEM 8152, ATR-FI-IR Il E I CREAm L 7=,

DIEO BB DO RTE TOBEOIZIRCEAICE v uﬁw HHP Burtovtants O ie ]
fBITR &2 o 7o, DAl b O D HE Yefa Tl e ¥ N
~v hX U VOB BE IR o T
(Fig.2A), F7-. BiMifab.OMEDFfFE DNA E& T
V& HHP YRR b DB & S i 1 1 A R e o
PEDFRREREH 720 O DNA B RAFLLEC
FHEAZWAD U, Db X0 B b OE S 57,

15 5 A 7= UM AL D & A2 BRI X 0 A KAk
AT T2, AR LT-Biia b ik, Y1 7 vk
DN 720 | 20, 30 ¥ 7 LTIk &
HERF L2 DR C& | MR Th ARk Sz 7 ) S e
&)ki’%i C)thf:o SEM éﬁ%—%f&i\ /J\éfcﬁ%ﬁ*ﬁﬁlﬂﬁ F|gZ A)Hﬁffmﬂ@'ﬂﬁ't‘ﬂ%@ HE Qé N B)EJT('“QI:‘H%@
AL DI D MAE 1 LRI S 3R LT SEMBI

HHP

Surfactant
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(Fig.2B) , RIEMEIF DN LW B L DRI IBRL IC B DAL, 20, 30 YA 27 VTl OESR f O fEHEZ IR X
Bl X9, MUNBERIDES L TTELRY A XA CTH®H S &z, ATR-FT-IR JIE T, Y1 7 v
BOBMZENT I FiEGHEKEOE—7 8B L, U UBBEKOE— 7 388U, U Bl 7 A0 il
b EREICHTH LB 6z, LEXY . AIRACBATR O S BT,

2. 2 AHIKILIECM @ in vivo B#RFIMHE

AIRACBRIa b DR, AR BRI b L (10,30 A 7 V) % 8 D 7 » NEATAEEMR N~ L 7=,
4 BT VAR, HE Yeft, TRAPYfa, ~ > Y U 7 m—2Ah (MT) Bl K0 MR
AT o7, HUAER% HE Yett, TRAP Zith, MT YAt B % Fig. 312777, HE Yeta ik Tl #RA K1k, 10,
30 A Z L DWNTIDDMEIZ I T b RIE ST AL SR 0 o 7o, RAIRAL TR PN ES I AR 23238 L
DIERNBIE & R L L7210 B A 27 L CTIRENERIZ O TSI RE L, —3 B b L CW A R8RS,
30 B 7 L TIENER~OHIBEOIRZITIE & A E7R S BATHE OB R IR WO T EMIBEE O M 231 O,
DD E RO DFRENFL L, BT ORRIRENT, 27— URHENE A, BRRGICRBIND
MT Yt T RAKAL TIRODBENEIELT < Yeta 4L, 10,30 A 27 LTI OIBERNE 2 /0 IS AR Il Yefa S
Nz et ARALDENTS CIRFAETNERINTWD I ERNEXLLNT, 2. DEOHIKILYA 7
JUEE AN B 2h TR O A B
BanzZEnb, DEOAIKALEIZIGT
THAEBRE LT D Z LN ST,
WIZ, E 2 Rd TRAP BLfailisT
1%, RAIRALTIE TRAP BPEAII L8 22 &
P, 10,30 B 7 L TiE Yo 7OV EBERIC
BT TRAP Gl s Blsi s, Z o
Z 0D A RAL D ENE TIXHT A B DR
B LRI X 2 KSR Y EF  F
VU RIS 5 TWn5 &g s, #
JRAL LA AL AN & L CAERICZ A SR
T2 e Enc, LEXY, KRAKIE
i AR B AL O BT AR D RS K OV fig
EHLLHALTERE LTRESI, AK
(EBEAmpa L DT e & L TZASH, £,
A8 HARIBRE TIXE 3 1)« AR A IR AL
MRECH S Z &b, BURAIRIE dECM  Fig 3 i (LBisilalt LI AR (4 JER)
DOFE-HHERE~DISH NP/ T 5,

0 cycle 30 cyele

ssor's trichrome

Ma

3. ZEXH

(1) M. Suzuki, T. Kimura, Y. Nakano, M. Kobayashi, M. Okada, T. Matsumoto, N. Nakamura, Y.
Hashimoto and A. Kishida, Preparation of mineralized pericardium by alternative soaking for
soft-hard interregional tissue application. J Biomed. Mater. Res. A, 111, 198-208(2023).

(2) M. Suzuki, T. Kimura, Y. Yoshida, M. Kobayashi, Y. Hashimoto, H. Takahashi, T. Shimizu, S.
Anzai, N. Nakamura, A. Kishida, In vitro tissue reconstruction using decellularized
pericardium cultured with cells for ligament regeneration, Polymers, 14(12),2351 (2022).

(3) M. Kobayashi, N. Ishida, Y. Hashimoto, J. Negishi, H. Saga, Y. Sasaki, K. Akiyoshi, T. Kimura,
A. Kishida, Extraction and biological evaluation of matrix—bound nanovesicles (MBVs) from

high-hydrostatic pressure—decellularized tissues, International Journal of Molecular Sciences,
23(16), 8868 (2022).
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Lithium-modified TiO2 surface by anodization for enhanced protein adsorption and
cell adhesion

FORERWROCY OR #EE, LB WISE, BRGSO, AR Hilss

RALKR#E (G

by OHuaze WU, Takeshi UENO, Kosuke NOZAKI, Huichuan XU, Yuki NAKANO,
Peng Chen, Noriyuki WAKABAYASHI

1. Research Object

The incorporation of various bioactive ions (Ag, Zn, Sr, and Mg) on a titanium surface has been investigated
as a method to achieve enhanced bioactivity, antibacterial properties, and osseointegration Lithium is a
promising bioactive ion initially employed as a systemic psychiatric drug and later discovered to have an
added benefit of increasing the bone mineral density in patients undergoing the osseointegration treatment.
In a previous study, lithium incorporation was achieved by a wetting treatment in lithium hydroxide solutions
of different concentrations for 2 h to obtain enhanced protein adsorption and osteogenic capacity. However,
the lithium ions are confined to the surface and easy to diffuse to the surrounding environment due to contact
with liquid, thus leading to surface modification failure. In this study, we introduced anodization as an
effective method to integrate lithium ion on titanium surface. Anodization with phosphoric-acid as electrolyte
has been unequivocally proved to integrate lithium ions uniformly on the compact titanium oxide layer. Here,
surface characterization and biological activity of lithium-anodized surfaces were evaluated and optimized by
adjusting voltage.

2. Experimental Results

Figure 1 showed the results of SEM and CLSM  (a; ‘—

showed typical acid-etching topography = ML} n

comprising micron-scale pits, sharp peaks, and T N

valleys. After long-term storage at room o s = e =
temperature, the specimens from the anodized e [| e (am an
groups exhibited better wettability than those b Vo B ol e Vit W P

from the etched group. The results of XPS
showed anodization in an LiCl solution at 1, 3,
and 9 V was sufficient to generate an oxide
layer without changing the topography and,
more importantly, to incorporate lithium ions.
Compared with the etched titanium surface, the
zeta potentials of the lithium-incorporated
titanium surfaces shifted significantly in the
positive direction. As expected, the anodized

£ £ 5
— g ,
Lt g P . Gt ] L *
- [ _l | | . L
F) ; o ]
+ ju— st ‘
g ] : - ; \

Forta patvasial {mY ) '

titanium surfaces with increasing zeta potential E , I’.n o =
demonstrated enhanced adsorption capabilities ; | | EE '71{:.-‘;-_;.,- :
for negatively charged proteins, albumin, ! 'T E — b._
fibronectin, and laminin. Lithium incorporated AT AR Wt A R
titanium surfaces showed enhanced

. - Figure 1. (A) Schematic of the process of lithium
biocompatibility and. cel.ls on tho§e demonstrated j,-rhoration on titanium surfaces. (B, F) Surface
enhanced osteogenic differentiation. topography of titanium surfaces with or without lithium
The cells on lithium-incorporated titanium incorporation by anodization in the etched group, (C, G)

1V group, (D, H) 3 V group, and (E, 1) 9 V group. (J)
surfaces demonstrated enhanced attachment, - g, t5cq roughness of titanium surfaces acquired by CL-

adhesion. After 3 h of incubation, the number of gM (n = 3). (K) Wettability after three months of titanium
cells attached on the 3 V titanium surface was surfaces (n = 3). (L) Zeta potentials of etched and
significantly higher than that on the etched lithium-incorporated titanium surfaces from pH 2 to 10.
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surface. Furthermore, while most of the
cells in the etched group exhibited a
spherical shape or just started to spread
in different directions by the formation of i
protrusions, a higher proportion of
extended cells on the 3 V surfaces
exhibited a larger cell area, indicating
enhanced cell spreading. Notably, the cell : ;
morphology was significantly affected by . Yol o LI o
the change of zeta-potential. After 24 h, ' ' ;
the adherent cells on the etched titanium e i

surfaces were polygonal in shape with - = = : -
multi-directional protrusions, consistent 7 TR

with previous reports. Notably, the cells in e el [ - [E A €
the 1V, 3V, and 9 V groups were more ﬁ B/ \ N
elongated, with more frequent 5, ) : - i
observations  of  abnormal  long CEEET e e e & ow e i E-5

unidirectional protrusion§ on one side and  Ejgure 2. (A) Wide-scan XPS profiles. Narrow-scan XPS
well-developed  lamellipodia  on  the ,rofiles after peak fitting: (B) Ti 2p, (C) O 1s, (D) Li 1s, and (E) C

counter side, resembling a migrating cell 15 regions of the titanium surfaces with or without lithium
with an elongated tail. Meanwhile incorporation.

significant staining of actin bundles was (a
observed more frequently, especially in

3V group, indicating higher cellular
mechanical force. This observed cellular
behavior suggested that the cells may
under mechanical stress or encounter
challenges when attempting to detach
focal adhesions from the titanium surface

at its rearward boundary.

=
.! Ly
_—

3. References
(DLi, X.; Wang, M.; Zhang, W.; Bai, Y,

Liu, Y., Meng, J.; Zhang, L. A
Magnesium-Incorporated  Nanoporous
Titanium Coating for Rapid
Osseointegration. Int. J. Nanomedicine
2020, 15, 6593—-6603.
https://doi.org/10.2147/IIN.S255486.
(2)Akhavan, O.; Ghaderi, E. Enhancement of Antibacterial Properties of Ag Nanorods by Electric Field. Sci.
Technol. Adv. Mater. 2009, 10 (1), 015003. https://doi.org/10.1088/1468-6996/10/1/015003.

(3)Jin, G.; Qin, H.; Cao, H.; Qiao, Y.; Zhao, Y.; Peng, X.; Zhang, X.; Liu, X.; Chu, P. K. Zn/Ag Micro-Galvanic
Couples Formed on Titanium and Osseointegration Effects in the Presence of S. Aureus. Biomaterials 2015,
65, 22-31. https://doi.org/10.1016/j.biomaterials.2015.06.040.

(4)Abdal-hay, A.; Gulati, K.; Fernandez-Medina, T.; Qian, M.; Ivanovski, S. In Situ Hydrothermal
Transformation of Titanium Surface into Lithium-Doped Continuous Nanowire Network towards Augmented
Bioactivity. Appl. Surf. Sci. 2020, 505, 144604. https://doi.org/10.1016/j.apsusc.2019.144604.
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Figure 3. Cell adhesion analysis: (A) Immunofluorescence
images with nucleus (blue), actin (red), and vinculin (green)
staining showing MC3T3-E1 cell adhesion on titanium surfaces
after 24 h. (B) Number of vinculin adhesion plaques per cell at 24
h (n=5) (**p <0.01).
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Influence of three kinds of ionic antibacterial agents on the antibacterial effect of

titania
R ER R R OJiang Mengtian, BPlRF 354G, BB WIS, B4k A=
WAL KR K 2, BRX &2

by OJiang Mengtian, Kosuke Nozaki, Takeshi Ueno, Satoshi Ohara, Takayuki Mokudai,
Noriyuki Wakabayashi

1. Research Object

Titania (TiO2) has antibacterial effects due to its photocatalytic activity and has been applied in the medical
and dental fields. We have shown that highly-ordered TiO2 nanosheets (NS) exposing the {001} planes have
superior photocatalytic activity compared to conventional TiO2 nanoparticles (NP). Here, we aim to
characterize silver, copper, and cerium-doped TiO2 NS (Ag/TiO2 NS, Cu/TiO2 NS, and Ce/TiO2 NS) and
explore the antibacterial effects of these metal-doped TiO2 NS.

2. Experimental Results

TiO2 NS were prepared as previously described [1] After removing the fluorine on the surface of TiO2 NS
by sodium hydroxide, Ag/TiO2 NS, Cu/TiO2 NS, and Ce/TiO2 NS were synthesized using silver nitrate,
copper sulfate pentahydrate, and cerium nitrate hexahydrate by photodeposition. Ag, Cu, and Ce were
doped on TiO2 nanoparticles (NP) by photodeposition as control groups. An X-ray diffractometer (XRD),
scanning electron microscope (SEM), transmittance electron microscope (TEM), and energy-dispersive X-
ray spectrometer (EDS) were used to show the crystal structure, morphology, and chemical composition of
metal-doped TiO2 NS and TiO2 NP. After culturing Streptococcus mutans and preparing a suspension of
metal-doped TiO2 NS and metal-doped TiO2 NP, the antibacterial test was performed with UV and without
UV irradiation.
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Metal doping of TiO2 NS changed its white color to brown (Ag/TiO2 NS), violet (Cu/ TiO2 NS), and blue
(CelTiO2 NS) (Fig. 1). Scanning electron microscope (SEM) and transmittance electron microscope (TEM) of
TiO2 NS showed a decahedron form. (Fig. 2 and 3)

X-ray diffractometer (XRD) showed the spectra peaks of TiO2 NS and all metal-doped TiO2 NS similar to
TiO2 anatase form (Fig. 4). Energy-dispersive X-ray spectrometer (EDS) presented meaningful differences in
the mass% and sigma of the 3 metal-doped TiO2 NS. EDS data presents a meaningful difference between
the mass% and sigma of 3 kinds of metal-doped TiO2 NS (Table 1). The antibacterial test showed that Cu/
TiO2 NS has higher antibacterial efficiency than TiO2 NS, and metal-doped TiO2 NP has higher antibacterial
efficiency than TiO2 NP with UV and without UV irradiation against Streptococcus mutans. Metal-doped TiO2
NP has higher antibacterial efficiency than TiO2 NP with UV and without UV irradiation.

In conclusions, Ag, Cu, and Ce could be successfully doped on TiO2 nanosheets by photodeposition. Ag,
Cu, and Ce doping by photodeposition could affect the antibacterial efficiency of TiO2 nanosheets and TiO2
nanoparticles against Streptococcus mutans.

3. References

(1) Hayashi K, Nozaki K, Tan Z, Fujita K, Nemoto R, Yamashita K, et al. Enhanced Antibacterial Property of
Facet-Engineered TiO2 Nanosheet in Presence and Absence of Ultraviolet Irradiation. Materials (Basel)
2019;13(1).

(2) Kowaka, Y.; Nozaki, K.; Mihara, T.; Yamashita, K.; Miura, H.; Tan, Z.; Ohara, S. Development of TiO2
Nanosheets with High Dye Degradation Performance by Regulating Crystal Growth. Materials 2023, 16,
1229.

(3) Mihara, T.; Nozaki, K.; Kowaka, Y.; Jiang, M.; Yamashita, K.; Miura, H.; Ohara, S. Enhanced
Photocatalysis of Electrically Polarized Titania Nanosheets. Nanomaterials 2024, 14, 171.
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Fabrication and Evaluation of a 3D Printed Three-Point Bending Jig
with a Water Bath for Shape Memory Polymer
by OTakahiro Wada, Shunsuke Noguchi, Shogo Matsushita, and Motohiro Uo

1. HARE”

UT4E, 3D 7Y & — (3DP) &, AFZERIGAICB W T HR £ LW Z %, IBIAWDB CEA ST
%o FRCHEBIECIX, AR, =T WA R CICEALLESRTEY, ~TVAE—RAREDA—T
NT TITAT U ALEBEE TEL X512 2oH 5 12, 3DP TFU ¥ hTE DMEO—2IZRGLIER
U~— (SMP) %5, SMP 1XZDOIRFEIERENI ZIEN LTZ AR —Y i~ U AT — ROWFIBIERT 74 7
—~OIEAPHFI TN D 2

AWFFETIE, HER IR (SLA) 3D 7V X HWT, U —F —SAfF& 3 iR A5 E (3DP IR
H) R L, 20fHliz T >7-, £ LT, 2affig =0 (FDM) 3D 7'V » % TSMP #i&EE L., RE %
HAE U 7= 3 a1 3R & ARG ERBR ATV, R B oIS A A RE LT,

2. HAERE

2.1 JF—F—NR{FE 3 [MIFEEDRARE

3DP i H. (Fig.1) ™7 —# 1%, 3DCAD ¥ 7 I (Fusion360, Autodesk tLf) ZHWCIERIL/=, 7T 2 F
v 7 OENTRAHEIZEET 28 QIS K7171) 253123 s M EEHE 64.0 mm, JE 7K OKFFE O 5 mm & L,
SLA 3D 7'V »# (Form 3, Formlabs) CTi&fE L7, &I L72BHABIZME & bKEDOBLE D 7 4 T —
sE{LAs R (Rigid 4000, Formlabs) # f 7o, &) % A — 1 —HERESe O, kg L, #%FH@ v 3DP
IRENTE TS Z L aMR L (Fig2), e B OFHmIL, Hreilidg (EZ-LX, HHERET) #HWT 7o
UMK (10 x 80 x 4 mm) ZiRERF & L TIER L2 A CRAF K OKFTCOREEEZIT->72 (Fig3), £7o. kb
gl L CaRHOMIEDBEETORBKR HIT-72 (n=6),

3 il P EAER Tl iR S IIAIE DS B¢ 14.05 £ 0.27 MPa, 2% C 14.38 + 0.16 MPa, /K41 C 14.38
+ 0.30 MPa TH v, WERDIGE L FSEORERNG Oz, - T, /EM U7 3 sl P RBRIG B I35 IR

TE5EEBZONT,
Universal testing machine
T /— I (EZ-LX, Shimadzu)
b,' ‘/— . N A
\3 /
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out

Pump
Figl w4 —%— " 2ff& Fig2 EF LU+ —% =/ Zff
3 ARG A = 3 AT RBR IR A

@D 3D ETFI)L

/-Thermosta:ic bath

o S

Fig.3 74 —% — A fF& 35S
ABHBREEZMEH L 3 &
HiFaEBRty b7 v

2. 2 3DP A SMP M 3 SHahITHRER

FDM 3DP (Ender-3 S1 Pro, Creality) Zf£/H LT, SMP (SMP55, & a—77) OB h % Fig.4 O&ER 7
TER L7z, BB O A XX 10x80x 4mm & L7z, 3DP JGHE CTREFEH K OVKH (iR (RT; 28C) B &
OAERNEEE (38°C)) T3 AHhTRBR AT -7, £72. MIEDBETHLRERZIT>72 (h=6),
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SBRE BLZ Fig.5 1T, MIIEDTEE & R H 28°C TIdAEEIT -7 (p<0.05), —JF. K&t 28°C
EKH 28°C TIAFDIZ ) DNAEEICEWVHITBRE 2R Lz, —J7, o 28°C & 38°C Tlid, 38°C A&
K o Tz, ARFEER TR L7z SMP (34 7 A5 8 55°C TH H A3, 38°C THHEAL LIZ U H D Z &3
ST, F-. MMOBEEHFMBHR LN, AEICHRENTRNL S H -7,

80

80 x 10 x4 (mm) 9u I. —Conventional jig n=6
70 | — Air 28°C ;r? . =t
o —Water 28°C s 60 | pum [
50 \ —Water 38°C E‘
= 50
| g g w
layering direction 3 40 =] }
Figa 3 AlaBIRm § 5 20
frezowwhsn @ 0 <
10 -/ 0
0 ' ' ' o .
0 5 10 15 55& L S
Strain (%) ¢

Fig.5 3 st (F3hER I )EARK Fig.6 3 AhiFalr dhifsR S

2. 3 3DP FH SMP MO ziRERERER

FEIRFEIERBI ISR O L (4) 225121772, FDM 3D 7'V > % (Ender-3 S1 Pro, Creality) Z i L C.
SMP (SMP55, %2 —7 7)) OB % Fig.d &R U&EF 7 m CER L=, BB O 1 X%, 10 x50 x 1 mm
& L7z, RBRA % 55°C (2B L, 180° i, =iEICE TR L (Fig.7), {EipfE (38°C & 55°C) (2 A,
NATERNTREL, AELZHEL]E (h=6),

TR FOIERBR O 5 R % Fig.8 (Z/”k 9, 38°C & 55°C TIEMA S MR RE S HE N2 | 55°C (2RI L T
114 BTIRIELORKICE>7T-, —J7. 38°C Tid. 1> T80 + 6.2%ICK~7=, £7=. tho&EKIH
ORBATLRBE LTI ZA, TOBRICESL T, LESTLEI DD BB ST,

180

38°C l °
150 3120 55°C
= 120 = 60 |
% a0 | 0 p o S|
5’ 0 2 4 3
60 | time (3)
30 b =
300s 36005 1 .
0 1000 2000 3000 4000
time (s)
Fig.7 Tk Rl st B o0 3 F o0 B i Fig.8 JLIRGEIEEBREF DB ST D 38°C
24k (38°C) & 55°C IR DFLIRIE JE D IFFET 2L
DLEX Y, OPENTERT IR, DENRESCIR &2 Ak

R oM e, TRIRECIERENE, ERTMEBE T OMENH L Z LbhroT,

3. &EXM

(1) Chenyuan LI. et a/l., Optimizing additively manufactured mouthguards: assessing multi—layer
materials for improved shock absorption and durability compared to conventional samples.
Int J Bioprinting, accepted.

(2) Hada, T. et al., Fabrication of sports mouthguards using a semi—-digital workflow with
4D-printing technology. J Prosthodont Res, 2024;68:181-5.

(3) Lee SY et al., Thermo—mechanical properties of 3D printed photocurable shape memory resin
for clear aligners. Sci Rep, 2022;12:6246.
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BEFATOAOSA VEIZL B FRHISEE

FRGHRFEE T2 [T« 74 7 AETHFFersR
OAKkirabha Chanuntranont, ZFEAHf, KHEAE, JIFHEE, SHFEE
EINLHFFEBR S TE N - MOEHIFTCHAS SR
ENLHFFEBAFETE N & 7R HAN A e B R A /NE 2
WAL KRZEBEMT L7 bo=27 AR ¥ — G

g
M

Alternating magnetic field detection using a single shallow NV center in a nanopillar
fabricated in the diamond surface by quantum heterodyne measurements
by OA. Chanuntranont, D. Saito, T. Ota, H. Kawarada, T. Shinada, T. Teraji, S. Onoda and T. Tanii

1. BAREH

HTAXEY RRO NV B Z— (BFREFEARLHL) OBFAEIRRTHENT AL U REL R
T, TDH, BEFHERLESCE TV IO TE SN, NV B ¥ —DEBE A EHWcaT' Y
VUT D1 ) A=A DA FINET LR, B, X4 YEL RRENS 5nm LINO NV
TUH— (W NV B F =) 1 F EEA Y CICHERFISEWCD, XA Y EY RREIWCEE LA
H R DRSS (AMF) IR CE 28, 2oz L%, HlziE, ¥ v /3 0 B 8 ON FREERNTCIEM <
XDHRT VRN ERFOZLEERL TN,

HBOH— NV 2o — 3 EBICERETHDL L SNTVDER, 2 20FEKIZEDF/ NMR Er¥—& L
TOFERERHIRIND, NV ¥ —% W= —i7e AMF JIE TliX, kHz 4 —% —OJE 55 fiEhe <
b, fLFETT NI BTV T EBTHEREA Y CEBEOCFREEEFEET D I121E, 10 Hz RO JE 3
BOMRENLETH S, FEMIZIX, MEMBZERT 5L T mWERKLMEEEZEL LN TED
D, ZHUENV BV —E AV Oab — L RFMIC L > THIBR S 2B, 2 FHOHIBRER X, ¥ 1 ¥
T2 ROJBITRNERE XA TELY RORETHR 242 THHD, HFINEDRNMRNZ L TH D, 2b5
LHERHEZIER T 52 & TrETFINERZMM S 2 LIXRETH LN, EWVRIERMNLE L 720 | L2
DOZEMENR SN TND Z EE2BET D EBERTIIRD,

S 2 SORIEIC KT AETER LRI, 2 SO LT B T SN TS, B
o7 a haVORRBICERE D Tl JEEBEREET NV B ¥ —E A Oak — L ARFRIC K
LR E TR T DB ~T a XA 9% (Qdyne) BHESINTWAEL, 2 oHIX, e IEEDm 2 I
LT 7 b=y 7 EEEOBRRETH D0,

AW TIE, b 2 OO EOFTNEHREG L, ¥4 YEY RREICEKR LT /BT —H NV ¥ —
% 7= Qdyne AMF I E DfEF %2 7R,

2. AERRE

A ¥E 2 R 1b(100)f5 012 2C JeifE s (MiEE 99.95%) % CVD ik =7,
15N A 4 A (2.5 keV, 1.5 x 1011 cm-2) & ZHLE (KFE 7 =—/1:1000 °C,2h )
Zhi L, REEMEIZEN NV B X —%2ER L7z, 7R V777 4— (50
keV) 12XV 2L YA b (230 nm & PMGI o 220 nm J& ZEP-520A) (2573
AEROMEAAE — (F 7 ET—HO NV & ¥ —I3EY 3 #) ZEFITERK
L, V7 "NAZICLLMEAE T EE 70nm &) 2~A7 L L T02 77X~
ZHWIZICP-RIEIZE D/ 77— (EA96nm, &S 260nm) ZfERk L, W
7 =—)LVALEE (465 °C, 8h) %#1T-7= (Fig. 1),

F T —O~HEITARESKRR Y 2 2 L—3 3 (OptiFDTD. Optiwave Systems) Z#{#HH L. #A ¥
2 REEHONHES 5nm IZEHE S NZE—0 NV F.LICH L CREbEi7T>72, FDTD ¥ =2 L—3¥ 3
v OFERDOH %2 Fig. 2@OITTRT, ZOFREIEL. T/ BT =05 0ENOEMRN T /) BT —L L7 Z A Y

Fig.1 7/ £°5—® SEM &
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(a) nanopiliar

1.02

X52HbD0THLAREMEEZTREBLTWS, T/ ET—HNOXIFY T
4 DIFEIE, Fig. 2 @ THRNE T —0 i & JEH oM TR S,
BT —DIHRAZELETONENHREIND Z bbb D, —7, 0.51
K2 ®OIE, V7 EAYEY ROPEIZENT, BREXAVEY

RORER NV &3 & — i bl SR T 01 & A 82K L. -'-I§ l i\ ".
5\/]) e }\\‘@/{/1/7 7)§—§—’ k%ﬁ? LTb\éo %#"\7 5%4%% F|g.2FDTD a1l —Tg \/@ﬁ%@ﬁj
NTIE ET—OEOER -4 YT NRHEEEROEY 7 — 31

2 S O W CHRERER 72 SBT3 IR A 5E %6 U, 2254 A YV R HE TOXFUNEE IR 5 [ GEMEN & 5,
NV o 4% —D# % Fig. 3@)bIZRT, Ny 7 7T 00 Reot a4l

ET5L, T /87—BIXO77y M AVYEY RIZBITDHE D

MeFEEmmEOF ) 5 —H NV B Z—DEF AL NIHONT, Fig. 3NV &> % —d CFM £

b — LR T, 2605 A vE RPEFAY LR 5

2L, ZOETNAEIDICEEIEDIZIISIOLRDWERLETH B,
(b) bulk l e K'I\ |
~. 150
NV & Z —OENHEIL, €L 140kC/s BL TV 40kC /s T * , .
liin—rza—llExET L,/ 7 —TIXT, =57pus T,

HER L — P —EAMIOLEME (CFM) 2V TH A vE R |
FTIET =NV EATES RENENDLOR LRV — '

|’l|)
3?)@\ >/ EO?‘_‘EF' NV ‘EV&“‘ZP%@%%”R%%{&EF’:%%@&/(? 7 0 0.9 10 0 053 40
EV NTHART 35 R T, possint pem

1) nanoptlar

TR ESREAYES ROT, =45 pus IZICHT 5, ZOMEF, ¥ . ’ :"l‘:'lt““'“

A ¥y FREICHE SN HBLOF AEVORIMERERE 00 . Simaltion

flj‘o ZORERENG . BREKIEF )T —HOBWE— NV ¥ 0 ) __L"l';:';:::;u

DEMFFET T/ NMR IEDEM AL TN D LWV R D, Sos | | e

FIET—HOHE—~ NV B X —DOFWMEET A T 5729, v | ““m¢ps<hﬂ,

Qdyne ME#FAT LIz, FEEXIAN (A VERE 38 mm, TA o1 | Lo T

VIR 0.40 mm) #4LC NV &2 5 —I2 2 MHz ORMRES AR 202 ,

e, #HEEE 600 PHFET SN, #RkE Fig. 4 xd, T/ ¢ wﬂwgd_gmh#

*~ﬁﬁ KD TFINERDETRAAM R A7 L — 27 O Lo uQﬁlﬂ  000Ns S
CEBEFLE LTS ERbhd, 2. MICIEErFHrme

2l —varEBLTELALEEGRASY ML RLTVD, &y Fig. 4 Qdyne Il 0 5

TV TRA Y TR ST RBIE, ETFIURERE AMF EIEUC K > TR T A= — kSN RT Y
YOI BIRE SIS, Fig. b M bnH LI, Y alb—va ot —7RIE L E SN E— 7 RiE
EORNZITZEN DD, Zhud, FIZLV—YF—HFROEMRY 7 MZEXA2HDOTHY, —EIL moHE )t &K
HAZE D bDTH D LiffamftiT 7,
723, BC MG HLAE & A ¥ NEIERCR I E AR SERRE O S o TR o FictED b,
NV B Z—BRDT2 DD EA ¥ E L RREDERA T AN EF R A BT OFZEPH T84 00 /)N 1 2
EOZHAOTIED LNz, = ZISEHOBERT D £72, NV B2 —ORRICHSGRZER 7 U 7
Nt U Y —F A 7 T DI W%{Eﬂﬂ L7,
3. BEXM
[1] /NEFHZE, BIHFEE, FHEs, EEEE EAIE—, (2021). E1Er 27 NI X2 @EMmEER
BHOALERERE, B ®RpES. NMRIC X 2 AHHE 08 & £ ORBHRTGE, 7 — 2 fi#IR, 5 2 =.
[2] Fukuda, R. ef al. (2018). Lithographically engineered shallow nitrogen-vacancy centers in diamond for external
nuclear spin sensing, New J. Phys. Vol. 20, 083029.
[3] Maze, Z. R. et al. (2008). Nanoscale magnetic sensing with an individual electronic spin in diamond, Nature Vol. 455,
644.
[4] Aslam, N. ef al. (2017). Nuclear magnetic resonance detection and spectroscopy of single proteins using quantum
logic, Science Vol. 351, 836.
[5] Schmitt, S. et al. (2017) Submillihertz magnetic spectroscopy performed with a nanoscale quantum sensor, Science
Vol. 356, 832.
[6] Volkova, K. et al. (2022) Optical and Spin Properties of NV Center Ensembles in Diamond Nano-Pillars
Nanomaterials Vol. 12, 1516.
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BREKRY 7/ - 74 7REesE OB AREmAA, FeiéiLFE. Yu Hao Chang

Mult sensing with Multiple FETs using the Common Gate Method
by Reona NOMOTO, Hiroshi KAWARADA, Hirotaka SATO, Yu Hao Chang

1. EEHN

BE, FET ZHWieA F ooy 73 <imbhTnsd, LrnL, ZDIFEAEN 1 ODA F 2 % H|
EXRNRIZI LT 7 THY, BRAA LV DORIEE L T ERITISATF B U SIS HICED £ TIT
bhTunwawn, Ziud, ko —28r W~ LF oo v ZORER TIIE RMEEZRET B ni-
HODTHDH, MEROERLOFERERE LT, LR LW — NEMZEBME T2 T 65,
ZFIZ T, BAIIFET 2BV DB AETH-> TH 7 — NEmAS 1 > THOLAE B E LTF — ML
BT 5, 7— MEMEITY — 2B L IR L CEA L TEL OREZELNL T TR, vV FR v

7% b AT DA REME AR o T 5,

AW TITERIC T — MEEEZ AW v 7 F— R gEEEZCH Lz~ v TF v ZF o6
FRRELT A, AWFZED BHITERA AL DORIEE v v VT UL T ORE A I RRGEE E S A TV

MEIZEST %5 Z 8 Th %,

2. HAEARE
2. 1 J— MEMIEIZ LD ISFET @ pH B0 R E

B NEHICISIT B ISFET OV, — IR L O, — 1, etk
BWE Uz, F72, Veg — IpFREN D pH EUGPEZ FH L 7=, Fig.l
(27— MNEHIC T 5 ISFET OJNER I LWy — IpFFEZ R T,
Fig.2 (247 — FEHIZ BT D ISFET DV, — IR KO pH B
MexRT, Figl OVpe — IREICER T2 L. RLA VEE OV
TRIFIEIKICET D Z E N oD, T, KLA VEFE OV T
YUV TPTABENI ZETHY, %L OFENIFET 5,
OV E WO IREBETFET 28T 2 &N TE 5720, MkiETK
kD FET B bapi<Z EMiETH D, £/, LA v
BIERZ LI E LW DREROE G L AER = A~ OHIEIC
BIND,

W, 77— M EEHICEBIT D ISFET OV, — IRt L O pH BUG
PE~NFEHT D, 77— FEHIZI VT ISFET 12-48.1mV/IpH &9 &
WEISHEZR D 2 ENTE L, Ve — It 77 7015607
pH BUSYEN D oD K 912, 7 — MEHTHE S N D USRI 6E kK
DY =AM ERIEORERTH D, Thbb, 7F— MEHIT B
THET M EEZBRDSHERD Y — 2 L [FSOREE25 b
HENHIZETHD, o, F— MEHIZIZLT BTN
ARE L W) REZRFIR bR LADE TN D,

2. 25— MEWKISE S A YEY K SCFET ORBIGIHORE

2001 4RI H & D3RR L 72 Mg & B & L
ORI R A LY — XA YEL RE
B 7 — N FET(¥ A ¥E > K SGFET)%
AWT, 7= MEHEIZ XD WEEZITo 7,
XA ¥EL K SGFET IIHeigEz LB L L
NI EDDLREEMNPES TH Y | K&
2 Ko TR 2L T 2 12, S RIFEBRIZAEH]
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L7=DiE pH ([ZEIGHEZ R BB 2 A Y
£ K SGFET & Cl G & 7= 3 /K 35 fe i
HA YT KSGFET ThH D, 2HIEHDHX A ¥
£ N SGFET OWEFRI LWV, — LFrME,
BRGSHEE Fig.3 35 L UF Figd (R, B ;
U4 A ¥ & K SGFET (% pH4~pH8 |28\ T e
23mVIpH &\ BUSHEZ R LT, F7o, K#E

Wi Z A ¥ £ F SGFET % CI0.IM~1M (28 g 4
WT 69MV/ICH &0 9 S E R L, RIS
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GOmy /Ol

’@2@ﬁ®ﬁ4V%VFSG%T%%“TV»%?VVV?%ﬁ“FMS%i@Fw4®ﬁ%k%@bﬁM
DFERPGOND 0 EMHRT D, REOREN G ONIIZS — MEHEZ W~ LT v v T FRE

HHENHIZLTHD,

2. 3 2EOFAVEVRSGFET IZ&KBTILFEUVVY
Fig.5 [CHAR#&UG 4 A £ K SGFET L /kHF#uiL A YE
R SGFET ##lAafbEi~v LT v 7 ORlER%, Fig.6
TR IM A A Y F SGFET & kFEKMF A ¥ K

SGFET 2L A ~NFR UV TIZL o TR LNV, IR
kR, Figs OMEREZ RS & o0 FET T — et

BALTWDLZENRGND, UL, 7F— MEHEZHWDS Z &
THHBIZZe > T Y, MG L2 #E Lo — MBS 1 STt
ZOMERODERIEHS ZEMNMTE S, RIT, Fige D~/LT
BV THE LN RITIERT 5, SRS EITEE
DES PRI TE LN TES, T T 2EOXA YT
¥ RSGFET N ED L D IZEEDHES L TWEINIEET 5,
A%%¥4%%ykaxm'imm#%pm
B LT & X DOBREENZEL L, pH UG
RS & 24mVIpH & 72 > 7=, ZUiE . Fig.3
TGO 23mVIpH L7720 I WVETH 5,

KFERIR S A TE L K SGFET 1E CIOAM 7205 = 1 | Fl
IM (SR LT & & DA BEAE(L L, O S ~ ,«”/} ~
P HT 5 L 69mVICI L7eoTc, ZALIE, = e

Fig.4 B A7 60MVICI & AE DI TH 5, D T T S &
PLEDFER NG, w v TR U TIZBNT, PV

eI 4 A B K SGFET & /K Heilt & 1 AR pHA,

Y& FSGFET X AW EIC B Z 5 2 300

TAR DRI AR Uiz, Zauk, #H5o FET T;"””ll*’

Hﬁ ZEND LT FET NEFOARSE DKM %
BohsdstnwsrbThb, F— MEMEH
wtvw%ﬂyyyﬁﬁﬂﬁﬁéézk%%
LT3, 5%ITE5I12£< O FET 2RI

L, LWEL DA FVORIFRE VT 'Mlﬁ}lw
B pH4, C11M

ZAREIC L72Vy,

Fig 6 A

3. &EXH

ol

0.6

(1) H Kawarada,. physica status solidi (a) 208, 2005-2016 (2011).

(2) Y Shintani, H Kawarada,. Sensors 17, 1040 (2017).
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EmBERRILYEEIR b 5 VO RS IEERRIZET1=75 X< 7 At RO
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Development Plasma Processing Technology
for Low-temperature Formation of High Quality Functional Thin Films
by oYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Takumi UEDA,
Toshio KAMIYA and Keisuke IDE

1. HIREM

7Ty MRRNVT 4 AT LA QKRB - mEREE - Z2HRELIC LY . ERE, T L—2AL— DT
A4 AT VLADEBBRT LR LT T NRAL AR 2T T T NTNA AL WS T2HERDT 4 A7 LA L%
H 72 DRERE Z FF OB T2 727 A ADBFBRD LT D, AWFIETIE, BT A 2 O @R ki
T RS REME R L TR RS BT BRI - R A —Y P u v 22 RH T L7720, 77 X<l L 51K
R0 XD EIT> T\ D, K, BURP OREE 727 v & A LB 2R B L) -8 A B O AKIR
TERRIZIANT T, v 7 3 b e U IEICHEREE T T A~E2EETHZ LIZED ., ARy RO &
TR O ORI TR B B SO ERL - OFE R A TRNAZ I 2 2 & SA[RE 7R, 77T A~ SRS
PRy &) o 7RI AR L. 2N E CICKIR CEAE R a-IGZ0 M 2 FZH L T\ 5, K
FEEL, Bl OMREVER L8R 2 O - mPERE TFT OIRIEERZ BIE L €. 77 X~ ZBnE
ANy 2 o BRI WLT, BRSSO E L THER SNTWATEL T 7 ALY 7 A
(a-GaO) Mz WK kT P2 X DR &2, ORI 21T - 7=,

2. HEBRE

7T R TIRSUGME ANy &) o 7R R FZ a-Ga0 FEIR DRI 1 T, A8y X U o JEEE o W
B L OVEBRR 21T -7, EHA 100 mm OffafatE D Ga0s(HliE 99.99%) DEERE R % T a-GaO Tk %
KT D7D, T AT IRINEA Ny B Y v THEEE RF <~ 7% ha v ANy B & FRRIC T D
WCHR LTz, RA o H 72 AT 7 FICEEEEN1L3.56 MHZ)Z A L CEJEldHEE a7 7 X~
(ICP) ZARL L., #—% v MIEEAEEEN3S56 MH2)ZEINT 5 Z kv, Ay 2 U o 7l E4T
Sfc, MEATAL LT ArtH IBE T A% WV, H2 it A 2L S /72512 T a-GaO A Z1T - 72,
F7o, TOWEEE T ¥ VB E L THWER k7 > 2 A Z(thin film transistor : TFT)Z {ERLL, &A%
PEOFMEIT > 72, ZOFER., Ho iR E2 2L 88 5 L BELRIPIR A AN S BRI RE S B s D

557171 45 ———r————r—r——rr—r— 1200
—~ i <) I C
“c s4f 1 3 429 71000 &
L ® = I ] 2
2 :. & i ] =5
>\5.3_‘ 7 o 35 - 800 @
= - @ @ © r , S
@ - = : ] @
c - o ] I 1 S
S s52F ] 9 3¢} - 1600 Q
o) § g : ° 1 =
£ .t o 525 H ® .10 B
W =t o . m j =

5-|||||||||||||||||||||||| ““““““““““‘7200

1 2 3 4 5

0 1 2 3 4 5 .
flow rate ratio H2/(Ar + H2) (%)

H2 flow rate ratio H2/(Ar + Hz) (%) 2

N
Ioﬂ

Fig. 1. Variation of the film density of a-Ga,O thin films Fig. 2. Optical bandgap energy and Urbach energy of a-Ga,O
as a function of H, flow rate ratio. thin films as a function of H; flow rate ratio.
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ZLMTEDLZ EEHLMNIT LT,

2T, INLDOHERNEZFRDHT2DIT, B EH-ERO MR O RGEE & BENH 5, BREED H
TERIFEZ R~ T, Figl IR E2 T, Holt b 220 S8 TR L 72 a-GaO RO FZE 1L, He
FREEES 0% 5 0.5%HE19- 5 & 5.36 glem3 7> 5 5.26 g/lem3 I AIKICIAD LIz b Ho i eIz -
THERMZID L 5% T 5.09 glem® & /g o7z, 7L A L—H —HERFIE(PLD) CYER L 72 a-GaO i Tidk,
RN 5.2 glemP UL EDGEIZ DO B EXUSEE NG D, FEEOBINE & HICERREE TR
B4 2 D, ABFZECIX, BN 5.25 g/ cm? & &\ a-GaO KA, HEHIER< 10° Qom FLE -8 (A p
BEFOZ LN, AT IRE BT AR ENE LN,

DN AN AR IEORE R A WV THEE L7z, a-GaO0 D F) /N ¥ v v 7= RV F— By &
T =Ny J TR F— By D H WEEIEIFEORE R A Fig.2 (27, Ha it @& OH ANV Eg1d 0.5%
£ TIL 410 - 3.94eV TIEIET —ETH o722, 5.0%Tid 253V & KIEICHEAD L=, —77. Euld 0.35%D
319meV 7B Ha it dIE N & & $ 12 1071meV £ THFHIHEIN L7, EulI=E4: (CB) &fl&E & (VB)
DT —/VIREEDMAEDLETH D, ZhuE, V77X ¥ v 70N E RO HOBREEZFE L, TELT 7
ZELINRK A e LICERT S EEZBND, 2O LT, F He ERFERICBIT D/ &7 g fEIL,
P7 Xy v TOENZE KM L TWD0 AR Ry » AT L TR Z & 2R LT 5, a-Ga0
EEOREOELIUL, He JRELLOHINE & HITEINT 2N H 5, I HIZ, ZOWA, #EERE T a-Gao
HEICRAET 207 ¥ v v TOEIUL, BEEKE, KEXRGAMY, 7ENLT 7 AOENOMRAGHRIZL S
LDOThHDHEEZLND,

2330k
D J. Kim, T. Sekiya, N. Miyokawa, N. Watanabe, K. Kimoto, K. Ide, Y. Toda, S. Ueda, N. Ohashi, H.
Hiramatsu, H. Hosono, and T. Kamiya, NPG Asia Mater. 9, e359 (2017).

3. RRMXF

JR 2 m 3T
Kosuke Takenaka, Masashi Endo, Hiroyuki Hirayama, Susumu Toko, Giichiro Uchida, Akinori Ebe, Yuichi
Setsuhara, Analysis of residual oxygen during a-1GZO thin film formation by plasma-assisted reactive
sputtering using a stable isotope, Vacuum 215 (2023) 112227.
Kosuke Takenaka, Hiroyuki Hirayama, Masashi Endo, Susumu Toko, Giichiro Uchida, Akinori Ebe, Yuichi
Setsuhara, Analysis of oxygen-based species introduced during plasma assisted reactive processing of
a-1GZ0 films, Japanese Journal of Applied Physics 62 (2023) SL1018.
Kosuke Takenaka, Shota Nunomura, Yuji Hayashi, Hibiki Komatsu, Susumu Toko, Hitoshi Tampo and Yuichi
Setsuhara, Stability and gap states of a-1GZO TFTs fabricated with plasma-assisted reactive process: Impact
of sputtering configuration and post-deposition annealing, Thin Solid Films 790 (2024) 140203.

EERSBERER

. Kosuke Takenaka, Hibiki Komatsu, Susumu, Toko, Akinori Ebe, Yuichi Setsuhara, Formation of Ga-based
amorphous oxide thin film transistors using plasma-assisted reactive processes, 25" International
Symposium on Plasma Chemistry(ISPC25), May 21 — 26, 2023, Kyoto, Japan.
Yuichi Setsuhara, Kosuke Takenaka, Akinori Ebe, Reactivity-Control Plasma Processes for
Low-Temperature Formation of High-Quality Oxide Thin-Film Transistors, International Conference on
Processing & Manufacturing of Advanced Materials (Thermec2023), July 03 — 07, 2023, Vienna, Austria.
Kosuke Takenaka, Susumu Toko, Yuichi Setsuhara, Keisuke Ide and Toshio Kamiya, Development of
Plasma Processing Technology for Low-temperature Formation of High Quality Functional Thin Films,
The 3rd International Symposium on Design & Engineering by Joint Inverse Innovation for Materials
Architecture (DEJI’MA-3), 20 October. 2023, International Conference Center, Waseda University, Tokyo,
Japan.
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HAZERZAW: 2 RTEZEFEHAETY

B TENRF REABANAIR I FEbe 7 v v 7 4 TR e OHE &

2D ferroelectric semiconductor memory based on in-plane polarization
Yutaka Majima

1. HERBE

2X7C @D)7 7 v T AT =R (VAWIME O atit L v t4 v ¥V & (a-InzSes) (3, Hi5E
PE. SEEME. EEERME i 2 72 2D WA EEERMEITH 5, alneSes DNV F ¥ v v T A
V¥ —(3 1.43eV[1]TH b |, JHF L~ THFMOut of plane: OOP) & UHI N (In plane: IP) DX 5 T

A EEZ N T 20(2,8], MAEEARERME N 7 v P R X (Ferroelectric field-effect transistor:
Fe-FET)@ﬁ YizF ¥ % M‘?fﬂf b5,

Fe-FET %, — MR —HIcmEFEEAREED FET THY., 77— & F vy 2 AMEICER%Z
5.z <. ﬂm“*aﬁlew) Q%/\ﬁi%wﬂﬁé&%o ZDH, BHRZYVI> COERESMICEL Y T —2%
REFcx 2R EREAE) L LCEIfET 2, XM AERAEY TH L, BB XY,
ZALRIA® Y | SRR A £ ) & SIEERCHZALEIT ) OIS LT, Fe-FET TIFERIC X
DEZIALZITI 20, HEENZKFTE 2,

INTE TICHE I N TS a-InsSes # 72 Fe-FET (X, a-InsSes FicY —X VL 4 vEM%
T2y 7avazs b Bc, FyarRiZlpm U ETH O, OOP o xERIC X b 2 & Y Rk
ZIGRTW3 [2-7], L2 L7235, alnsSes ® IP 7tk fifin % §illfHl 3~ 2 Fe-FET 13 Z 1L E T 23
Pot, HAlZ, BETHY VY 77 7 4 —(Electron-beam lithography : EBL) % A \» THifiliE 10 nm.
Frvy7R6nm D)/ ¥y TEMEFERS 2502 Sk CichEZ L T & 72[8].

AR TlE, Si/SiO: #HER Eic ¥ v v 7K 100 nm. ¥+ v 7 50 yum ©F/ ¥ ¥ v 7EM%E
EBL THEL. 7/ ¥% v 7EM FIC a-InsSes Z¥rH L 72K F a v & 7 +Flo Fe-FET # gl
L. IPBFEEFEARAEY) — R A2EL L 2#HME T 5(9],

2. AR

EBL 12 X b SiOy/Si HAK Fic 100nm O F v v 7E#EHT3F ) ¥ v FTEMAERL 72, F/
Xryv 7EBMEICa-InSes #xAX V7L, FbhLavixy Hlq-In,Se; Fe-FET Z{E®LL 72 (I
a) » FLA4vETE VHINEEOEIIZLZ5Rd (Mb) , 265VOFNL A VvELELLRS 12V D
KERAEV Y 4V FUDBEEINT, FhLaavx 27 P Fe-FET CTld. a-In,Ses DHE T

(a) I (b) 10° | (c)
_.lfﬂm L, = <
. % ¥
% IJ—*;‘_‘ - 107 L)
B o ] < i
-— . 4 4 -
—=wiET 10° R
" : : : L » on state
SI0 /St Pt : Pt 100 om 105 L 1 3 I 10-’ i i A 1 .0«3‘810‘
== -5 0 5 0 100 200 300
Ve (V) Retention time (s)

Figure (a) SEM image of bottom contact a-In.Se; Fe-FET with 100 nm channel length. (b) R-V hysteresis with
a large memory window of 12 V. (c) Retention of on and off current lasting over 300 s.
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CERBMD B 720, HHN (IP) SMIc X 2R EFRAE) —& LCEIEL T3, R,
300 P LA EZE L 2Fifi LT3 (M) o TNHDFERLLIFHL 1L, a-InSes DHEINI % s
AREFRAEY) —5hRE R L av &7 P Fe-FET B CHBLL 72,

F ) F X AR L3 vz b BIERGEEER o -In.Ses A €V TiE, WSR2 1758 5T
Lo THEIFT 2720, Xt o= rF LV (MLC)ICHY T 2 k4 it EIRERHF L5
AHEVED D B, v v TREZMMLL 727 F ¥ A AMFERER X £ V13, SEERREAR
EREAT) L LT, EEHE~OICHPPREEN S, AW AT) —IGHERKEL T 5,

3. &E XM
[1] C. Julien, M. Eddrief, K. Kambas, M. Balkanskiet, Thin Solid Films. 1986, 137, 27.

[2] C. Cui, W.-J. Hu, X. Yan, C. Addiego, W. Gao, Y. Wang, Z. Wang, L. Li, Y. Cheng, P. Li, Nano Lett.
2018, /8, 1253.

[3] Y. Li, C. Chen, W. Li, X. Mao, H. Liu, J. Xiang, A. Nie, Z. Liu, W. Zhu, H. Zeng, Adv. Electron. Mater.,
2020, 6, 2000061.

[4] Y. Zhou, D. Wu, Y. Zhu, Y. Cho, Q. He, X. Yang, K. Herrera, Z. Chu, Y. Han, M. C. Downer, H. Peng,
and K. Lai, Nano Lett. 2017, 17, 5508.

[5] W.-Y. Kim, H.-D. Kim, T.-T. Kim, H.-S. Park, K. Lee, H.-J. Choi, S.-H. Lee, J. Son, N. Park, and B. Minet,
Nat. Commun. 2016, 7, 10429.

[6] M. Si, A. K. Saha, S. Gao, G. Qiu, J. Qin, Y. Duan, J. Jian, C. Niu, H. Wang, W. Wu, S. K. Gupta, and P.
D. Ye, Nat. Electron. 2019, 2, 580.

[7] F. Xue, X. He, J. R. D. Retamal, A. Han, J. Zhang, Z. Liu, J.-K. Huang, We. Hu, V. Tung, J.-H. He, L.-J.
Li, X. Zhang, Adv. Mater. 2019, 31, 1901300.

[8] Y. Y. Choi, T. Teranishi, and Y. Majima, Appl. Phys. Express, 2019, 12, 025002.
[9] S. Miao, R. Nitta, S. Izawa, and Y. Majima, Adv. Sci., 2023, 10, 2303032.
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BEEETHHITLIFBRAMEL
RICR S GRIFERIERT, HOR LRRT 7 1 o7 1 THEHIZERT O — kg

Blue Organic Light-Emitting Diode with Extremely Low Driving Voltage
by OSeiichiro IZAWA

1. BAREH

FORNIZFEAOFT TRLEZRAXF—THDHZ L. AR EZEVHT TE R LR END,
BT OBBICBWTIROLEETH D, A EL FBECTHRINTWDHLO0, HEOFIEIZE L Tk
BEENKRE N &R0, m&ﬁﬁﬁwﬁ8®ﬁi%*ﬁ’@ZTmé BZIEA~— R T T 4 AT 1A
FEPE DFIHESE T 5 100 cd/m? D FEIHNEFLH7-2DITIT 4V REOELZHMT H2LERH S L

132k @ﬁ%EL@%tﬁﬂ&Lfi%%mﬁtﬁﬂ#%w%hfwéoﬁﬁ@hﬁﬁ%éhfwé%
T BHCBE MR ZE RO BT, D RITE N DD BB LN TIAPEICS D, ZAVTEEH
BHOBGEMEA LB E SO EHI S 3R A ) L S E 5720, ZHEIEE FOEN 2 F O 3L ¥ — L& FfE
FEo3eVEEFE TEHZANF—LIEILERH Y | ZOET X —0 ZHIAFHE T3 MBS E 5| &
EZTNHThD 2 —J, sbklo ZEHEEphE 71X, il 2 IXRENLFAESMEOT > kT o FHE K
T 17eVREELEKZRXLE—TH D 3,

Fexld, ZoFAEMEOR = R VX —0 = EHIEFE 1%, KEE CIRAICHIRE L, —&EE— —HHE
HERTTANC L 27 v 7o n"— g U3 EFEBICE L, HEAWH EL ORENETE L2 RKIgICEETx 5 L
%z 1-(Fig. 18), © Z CTHOIEEMEL & BEFEEM B OFHOMAEDOEZBR L, wEh 1 ApokEN T
H25 15V T462 nm OFEORENBITE, T4 AT VA RREORNHEE TH % 100 cd/m? (21X 1.97V T
BT HBIKE L CHEIT 268 EL 2R L= 4,

2. HAERE

FPHFARENAKRE L TT v b T FHEK 0 1,2-ADN % 7= (Fig. 1b), 1,2-ADN 35K = B IEEh L HEAT
(T8 1.7eV T, & —EEEEN(S)NZ D _fEOT LT —L D /& 29eV THBH[3], WE-T, &
Jéﬁﬂﬁ%t T2 DT R —REN OB 2729, D 1,2-ADN (2% LT, ~7 1 #6 5H A TERK

EAFEEEM B £ 13EB T 78 72 =B E LT, kA EL B THOW SR TE 7= TmPyPB,
WWMD B4PYMPM & 5RW\T 7 &7 % —1E %47 5 NDI-HF % 7= (Fig. 1b), A EL 7 /31 A[XHE %2
EEIZL > TERIL, 2O IE ITO/MoOs/ % & 18 1t & /ILIF/MoOy/Al TH 5.,

Fig. 1c (2 1,2-ADN & 4 fi¥E DO E+ %%@Hﬂ%mwtﬁ%Etrﬁ4X@%tﬁf@)Iﬁmﬁi%rﬁ
T _XTOT /A AT 1,2-ADN 75 D 424nm (2.92 eV)DF IR BI S iz, — . FORCBEEFEILE
FEEMM B ORIEIC L > TRELS B2 -T2, A EL T, 2D X — AU BIE, O F D FEIEHEE D 1 cd/m?
&ﬁé%Eﬁ\ﬂWWB\WWMDJMWMMANMHFT%ﬂ%ﬁ,4$/29V30V17VT%ot

Z ORNFIAEILEDOENE B G NNCT 57212, EL BNORBERZEB 2B Lo, F RO E it

B¢ D TmPyPB, wwmoewwmm%ﬁwt AIZIEL 0.1 ps AR THURIZIHER T 5 plisr 05 90%FE L &
(@ (b) ! ©
B O‘ ) & owo*% 1000 T Nor-rF
2 ~ PR 1 -=B4pYMPM
Q ©_ CT state o Ceo ) - BPyOXD £ 100 | —-BPyOXD
@Recom_bination OO C § —ﬁ—TmPyPB
Selective at D/A interface 1,2-ADN TmPyPB 9 E o A &
triplet c
ex:iltrzasion % Blue UC o Mo 2
i % ’ emission % Ly
WG SN Y AN S S SN—
B4PYMPM < 0 1 2 3 4 5 6 7

NDI-HF Applied voltage (V)

Fig. 1 (a) A& EL 587 & 3 A I = X L ORI, (b) 7 FHiE. () BRAE—EERE.
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HDDH I ENghote, TIUXEMEARZRICEBE S BRI ST D0 ICHEKT 5, —J7. NDI-HF %
HAOTEGEE, ps =X —OBWRNHEOABHI SN, ZHUTEWT 2B X THD T DILHAE LT
TTA B NICH¥T 5, ©DF D 1,2-ADN/NDI-HF OF7 /3 A AT, KEE C@RINMIZ T3 i ST TTA %
NLTRET D ENGhoTz,

Z Z CIREBE THEOIC) BT S 1,2-ADN/NDI-HF O#LAE HE 2% LT, #6hkE LT ThPe &%
JEIZ R—795Z LT, TA AEEOKRE AT T2, ZDFT /8314 ATl 1,2-ADN 75 ThPe [ R /L¥X
—BEAE X, 462 nm (2.68 eV)IZ B — 7 ZFFOFAFILHBI S L7 (Fig. 28), Z DT /3A AD L-V RPEIE,
H— A VBN LATV EIEFINEL, AR — R T+ T 4 AT VA RBREORILHEE CH 5 100 cd/m? (12
1197V TEETE L Z L8 7a(Fig. 2b), SHIZT7 4+ M A A — R TEEEICHIEEITH &, HEOR
KA 126V EVHIBIKBENSBMTEEZ Enbolz, ZOAMEL 734 XX 15V OEmE 1A
D72 ST TH OB T X 7= (Fig. 2¢), Z D F I OIMBETIEEIL3.25% THDH Z L BNbroT,
BT T 72 BER OBRFRIC X 0 B m LN A 5,

14 103 c
@ <— 462 nm (2.68 eV) ®) (©
12 &
£ & o 4" 100 cd/m?
< 10 - g @1.97 V
g Q O B 100 4_
z 8 o2 g 100 f 1cd/m?
2 Q @1.47 Vv
z ° £ 10
§ 4 | TbPe g 10
< = 1.26 V
S 2 104 —
w
0 T 10 e
350 450 550 650 750 850 0 05 1' 15 2 25 3
Wavelength (nm) Applied voltage (V)

Fig. 2 (a) #E AT hb.(b) Fi{bT /A A DOEEE—E LR, (€) %EM 1 R THLHFEAKEL FF0F
=X

=

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) D. Wang, C. Cheng, T. Tsuboi, Q. Zhang, Degradation Mechanisms in Blue Organic Light—
Emitting Diodes, CCS Chem., 2, 1278 (2020).

(3) B. Y. Lin, C. J. Easley, C.-H. Chen, P.-C. Tseng, M.-Z. Lee, P.-H. Sher, J.-K. Wang, T.-L.
Chiu, C.-F. Lin, C. J. Bardeen, J.-H. Lee, Exciplex-Sensitized Triplet-Triplet Annihilation
in Heterojunction Organic Thin-Film, ACS Appl. Mater. Interfaces, 9, 10963 (2017).

(4) S. Izawa, M. Morimoto, K. Fujimoto, K. Banno, Y. Majima, M. Takahashi, S. Naka, M. Hiramoto,
Blue organic light—emitting diode with a turn-on voltage of 1.47 V, Nat. Commun., 14, 5494
(2023).
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RN B Y UTEICE BT EILT 7 ABLH U LEED
YEBL & 5 A 4 — FH5 D -

FIRTERFT 0T 4 THEZERT  OFFFEI, FiliaE, sk
Prefoishi, il —

KBER A B FE AT

Sputtering Formation of Amorphous Gallium Oxide Thin Film for Diode Semiconductor Devices
by OKeisuke IDE, Takayoshi KATASE, Kosuke TAKENAKA, Yuichi SETSUHARA, Hidenori
HIRAMATSU, Hideo HOSONO and Toshio KAMIYA

1. HIREM

LN LS 75/ L FAVRIPS

TENT 7 ALY EER(AOS) X, 400°CLL T OARIE F 7213 =|IRIZEB W CREI TRl /e 7 T A KM B2
—ICHRETE, BBEIE, EXMEE, v THEEOELOHEE, @B ERRR &L\ o BN TR
ZRO[1,2], 1REM7Z: AOS X In-Ga-Zn-0 R D a-IGZ0 TH Y. KA ELTV 72 P OBRE M ~ 7 >
AZA(TFMIZFEMEINTWD, InRZn Z2E ERWe 77 7 A7 Y 7 2 (a-GaOx) 1%, H#)E
EEA RGP, MRS L B Z SN Tz, LAl PLD 2K > THRAIEE L 72 a-GaOx 1243
T, R B T IS O VT S A S R A BE DM S A, DRSS AR 2 LAY 2017 RIS S
72[2], & IS EROMEREZ R T B ENE DY 1IGZO (2Ll T HHD BAF e -8k L 70 b Z L b L MT R o T,

a-GaOx (X 4.1eV DNV KX ¥ v I EFOHET A KNV F¥ vy v
TTERNT 7 AR TH D, TDID, BT AR EICH 8T
—TNA AZ KB TR TX D REMES R SN D, AEIT, 2
M ETPLD L TEBLL TV 80 a-GaOx &, L 0 FE/A
MR TFETHDOIRF~Z R b ARy X U 7 kA AVl
T5HZ LTk L. H A A — REHEOFEE £ TiTo 72,

2 EBRAE

a-GaOx HEIZ RF ~ 27 % ha v A Rw X ) v 7 EEFNT
W AR BT LTz, 77, BBFRIEL 0%, 42+ 1PalZ
BWTRF/NTU—% 30 W~240 W £ T X THE L, B DL
BERIE LT-, ISR BBEDOE -T2 240 W IZOWT, 4
J£ 1 Pa TR ELEZ 0 %~5 %E TEX THRIEEZITV,
Transmission Line Mode (TLM)7 /XA A C 4 ¥ HIEEITH 2
ECEBRBEREZWE Lz, TOk, MBEREL 2%, £2/F1
Pa, RF 177 240 W IZEB W T, EHEEMIZ 120, FHEIEMIZ Pt
Zf#i ] L 72 1Z0/a-GaOx/Pt SBD Z{EfL L, %A A — NED
Al 24T - 7=, SBD O Fig. 1 12”7,

3 HRRUEE

B EIL 0 %, &/F 1 Pa TH 7 AHAM EIZ a-GaOx 5
ZRIELTZE Z A, Fig 2@l 7 X 912 RF 2845
(2 L7223 o CRBEH B X EARAI SN L | Fig. 2(b)D X 9 IZfE
BEEGLEIN L, 7X10-6 S/lcm OESUERNE LN, Kb
BEDE D> T2 RF 787 —240 W OEAFIT BT, pER Oz
FMBLEESED 2 L TERBEEOE L ERIE L,
ZOREER, Fig. 31Tt L oIz, BFERELARELS2DITL
T2 o CTERABERMET Lz, 2, 02 leAMEWER T
WX, BBEXRMIZ LD R —MOAEREMZ TWD R, 02 28
FEFITE NI TIPS ABEICL > TEFB N7 7 LT
WHIR b D EBEZOND, o, ME— 02t 0% TR L
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FZHRBC DN T, Hall MIEASARETH Y, Fr U y
TR EE1L 5.97 X102 / cm®, BEE X 4.5 cm¥Vs T —~ 10 [ y I
ol ‘E o

Fig. 4@V #HEORER Tl 5, SHIL LR Q 107 | N b 10 |
MO FA A — FEEEZ R LTS —HT, 2 V n fe e
H’Jﬁﬁ %ﬁ‘fz \—gﬁjim%{)wﬁ)j(%<f£/)fb\é\_ > 10"
Lo, —IIZ SBD ODJIIEjﬂ'?/\4 7 AT >

B 5 EE ML EVGE iU BRI Lo T ') 107 \ .

5

= AT ex 4Py o qav O 10! |\T\\T

J=aTRexpC e T) 1] 8§ 100 bttt

LERIND, ZZTAMIEHNY F¥— KV UEER.
q ITEREE. KITRLVY <~ EEK,

L. B F v — RV B A

TIXRE, ¢BIX
Yay bF—[EREES S, nIZE4A 4 — FRF+THH, >
3 v b —[EEEE S dpyv 1T 0.61eV & REL Dz, -
WX, 41 2R L7z, £72. Fig. 4(0)D C2V itk WNIEENIE 2.2 eV

O, ratio (%)

Fig. 3 Relationship of the conductivity and O-

flow rate.

LBz, Fig. 51RTOIE, 8% PLD TERL S u7- ITO/a-GaOx/Pt SBD & 4 [Hl{EHL L 7= 1Z0/a-GaOx/Pt
SBD Wz v hF—[ERED /NN R TH D, PLD TEH X472 SBD (X 3 v hF—FERES X0 097 eV, N
RENLIX 0.42eV[1] L 72> TRV, AEWER L7= SBD (K& RN ENMNZFEH L TWDL Z &R 0hoTz,

(a)

10 p
107 ‘;
10'
10° b
10}

Current density (|A|.fcm2,}

Voltage (V)

Fig. 4 (a) |J|-V characteristic and (b) C2-V characteristic of a-

< 10x10"

&

O

o™ v
Qb,u\m“

00

Voltage (VZ

aOx/P

SBD using a-GaOx layer fabricated at 1 Pa with 2 % O flow rate.

3. &EXHk

[1] H. Hosono, Journal of Non-Crystalline Solids 352, 851 (2006).
[2] K. Ide, K. Nomura, H. Hosono, T. Kamiya, Physica Status Solidi A, 5 1800372 (2019).

[3] J. Kim, T. Sekiya, N. Miyokawa, N.

Watanabe, K. Kimoto, K. Ide, Y. Toda, S. (a)

Ueda, N. Ohashi, H. Hiramatsu, H. Ay .

Hosono, T. Kamiya, NPG Asia Materials 3, P "x

€359 (2017). ey 2,
4. HiEE This work was supported by Pt a-GaO,
Project of Creation of Life Innovation

Materials  for Interdisciplinary  and

International Researcher Development of

the Ministry of Education, Culture, Sports, Science and
Technology, Japan.

%)

Pt Y

a-

Fig. 5 a-GaOx/Pt Schottky barrier band alignment
using a-GaOx layer (a) fabricated by PLD, and (b)
fabricated by sputtering.
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8 IEEEEM R B
JESE Fe;04-Bi03-B,0; DI EF 14

B TERT: 7ar 747 MEWFERT Oy Fil, 7 Voo YR sER, il 53%
FIRKFRTRE B TR 5e R e FOEE, iR A2

Optoelectronic properties of non-crystalline Fes0s,—Bi,0:—B,0;
by OHidenori HIRAMATSU, Zhongxu HU, Kota HANZAWA, Takayoshi KATASE,
Kazuki MITSUI, and Akira SAITOH

1. BAREH

TENT 7 AI1GZO (In, Ga, Zn, O M B2 H4b6W) 1, IEMEWE TIIZ L Fx V7 R—E v 7 nEH
LBl ch o . RBICBWTBEINER 10 cm?/(V-s)Z R~ n B8R TH D L —J7, by 7
‘i BESRE S EICEGH, BT EEEX Y VT LT 5 V05-P0s 77 A 25 CdO-GeO, ® Rl ST

BAREAD=ANE, BIEIER Yy B TRE 2 BEFIIANC NMEETHD 3, BIEWRES & 1XERY |
%’f\fﬁ%l‘iﬁaﬂ:%ﬁ T AT, TENT 7 AMEEICRR T 5 RIEEMEE L BRI TH 572012,
B CE D EMERMEEE R L OBENE O I RS STy 24 RIFFE Tk, FEALE Bi0s—B20s 12 Fes04
=BT 5Z 8T, BHREORB AL,

2. MIRAR
2.1 ABEREIAEFUHAE _
BNEEENEIZ X > T, FesOs & N Ll Fey04—{55-1)Bi:05-458,0,
— v 7 LTS E Bi0s-By0s W .
(kA%: xFe30s—(55-X)Bi03-45B,03,
x = 0-10 mol%) #1ERL L 7= 5 &kt
DT % 5y SR CTHIZE L,
SR AEREL D F = L F— (KT
Ti%ﬁ%fz(’ %LT‘ ﬁ’ﬁ[&uﬂ]l\oﬁ }\ 200 I =0 C &0 I 450 - 500 550 : 600 4.0 I GI{I
JVIZXEd 5 Tauc 7' e v b & 500 L, Wavelength (nm) Phatan energy, frv (eV)
PN Ry v T oG, A—
BEE, vy VTRE, ¥V 70
% SR B 72 DI R — VI EE
B — oy JRE O R AT A
IR 5 400 °C O#iFH CTHIE L7z,

A

Trangmisgion (%)

28378 o'y s av

Absorption coefficient (cm-")

1] T (T
Fhotan anafgy. i (6

Fig. 1 Compositional dependence of (a) transmission and (b) absorption
coefficient spectra of non-crystalline xFe304—(55-x)Bi,03-45B,03 with x =
0, 1, 2.5, 5, and 10 mol% for ~2 pum-thick films. The insets in (a) and (b)
show a sample photo of the 10 mol% sample and the Tauc plots, respectively.

2. 2 XEYH

Figure 1(a)iZ. x = 0—10 mol%\Z 3317 % FEALE xFes04—(55—X)Bi03—45B,03 D Y:id5 18 R DA A7 2 7 3,
Figure 1(b)IZ 1%, WRINARE 27 L72e X = 0 mol% kBt DR IAREL A~ R LD Tauc 712w b, W R
X v 71E33eV W Lz, FIEMEICH T 250 (x=1-10 mol%) OSElIERENE, ko Fedt iR
DM~ THI L 7=,

2. 3 EFEEEH
mea@’ FEABE XFesOs—(55-X)Bi203—45B,05 D [E.jiit B XA B A IR DO Wi O BA% & L Cor L7z, 400
BIFAEEEX, x=0,5, 10 mol%witEl T2, 107,105 108 S/em THh o7, KHPIZiE, HE» 5
?%E L 72 I5PE(L = R L B — D FesOq RS (R IR % R L“Cb\éo{ﬁ%{lzlz/l/% X x =5 mol%% 8 x 5k C
AWM 1.30eV 705 0256V ETHA L7z, LA, &b @V MEEE 4R L7z x = 10 mol%alBHZ DWW Tik R %,
X = 10 mol%alEt DARE EE L, 100-400°C D& CREMMK A EIFBI S e o7 2 & vh |, B RETH
B ENTRBEENT, ER-EEREE, EROBE#RBECTIXTHRETHY ., v a v bR —ERER E DR
F—X v 7 IR A R LT,
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400 °CIZ351T 5 x 410 mol%%st £ Z: gl 55;'5 R Fig. 2 (a) The dc conductivity of
DAL 4.4 % 107 Slem TH > = L w 2B non-crystalline xFesOs— (55-X)Bi,O3
% Sbic, 400 °C oA g “or 3> — 45B,0; with x = 0, 1, 2.5, 5, and
— -1 2/(\J. T8 = y Ly L9y 9,

VBB ]1'3 ‘x 107 em*(v Slz 2 :: ; 10 mol%, plotted as a function of the
Tg_? A tTﬁ%Eli 5f8>< 10 . g sl reciprocal temperature. The inset is
o TBLDOZL o i}?’j@f /;:JZ I the dependence of activation energy
%“;;‘jﬁ?ggé 373 ne, T ——, on the FesO4 concentration.

e N . )

“C;: . 400 °C AT ?Eﬁ;; 1000/T (K™ (b) Thermal expansion curves of
5 ‘jtcj—/l/t — ! SN, ;}? f; e T V— non-crystalline xFesOs— (55-X)Bi,Os
b e 2 (b ?%@ﬁ%r ~45B,03 with x = 0, 1, 2.5, 5, and 10
7;0 7397 2 EF’?{LTP (To) ,i é £ mol% as a function of reciprocal

° Ay fin v = " .
BE i 657 %%?g L;X ;_700)@] 2 temperature, with the accompanying
}#15;? A AT ?J%”/E:L . g Ty and macroscopic appearances of

ML /. —o F

Figure 3 (2. x = 10 mol% D samples.
=y 7425 (S) ZIRE DK

ELTRLE, BE—_y 7 HHu
HTHY,
D A& &b ITmL,

255388 °C DIREHH CEFNEXF Y VT THDHZ MR L 5,
R ZEE AR L TWD, EREYE

Tbb, v U TEREN
WHIEINDZZ LN D, m—UR%

-y 7 ZE DO OG5 Kz, x =10 mol%itE ClRBlsZ SN o7-,

Figure 4 12,

BEEET VER LT,
FAREDA N =X LNBNH B x b5, Figure 2(a) T/ L7oiE b= R L ¥ —

B D AN O T R L F—F v v FITHIET D,

kX, JEE XF9304_(55_X)Bi203 45B,03 DEBFRERX =X LITDONT, Fes04 (F92+

R—=7" L7 Fe?L Fe* DR vy BV TIREICE > TETABET HE

(0.25eV) 1%, Fe?* B L O Fe?*

Fe¥") & mi i

CR—v T 5D é:fﬂw)T ELNER L, T L TRy Bz, DT Bt 6s #LEN —E %

’51 L 7oA ~ OB |2

DEFDIEBEAENDIETTVERELE S,

4
Temperature (°C)
400 300 E_ED Bigs1pl (BIF*)
I ’ I J
. - = I % i Fe3dS Fedt)
] . " z P - Ll 2
% wc| | 74 e 2 | 6% 1015 ema ! Fe 3d® (Fe
= T \\ £r \ & 33ev ,
] = [ = [ & 2.5 oV
v =200 k=" sl = s wl
I L L
‘E : 3 v : o2
ol \ AT 1 Bl 632 (BI3)
=4
E L W
] L S . . .
L T, Fig. 4 Diagram of the density of states (DOS)
= - e versus electronic energy of non-crystalline
1000/T 1K) 10Fe;04-45Bi,0:-45B,03 at 400 °C. The carrier

Fig. 3 Temperature dependence of Seebeck
coefficients  for non-crystalline  10FesO4—
45Bi,03-45B,03. The insets show the AT-AV

density, optical bandgap (3.3 eV), and apparent
gap energy (2.5 eV) ascribed to the Fe3O4
substitution are indicated.

plots at T = 274 and 388 °C.

3. EEXH

(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) H. H. Qiu et al., “DC conductivity of Fe,Os—-Bi,03—B203 glasses” Mater. Chem. Phys., 58, 243 (1999).

(5) 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).
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RISHER Xy 8 ZERAV-EERELYDOFBRAR
FORTHERT 70T 4 THRBFZERT  OFRER, TR

Thin-film growth of heavy-metal nitrides by reactive sputtering
by OKota Hanzawa and Hidenori Hiramatsu

1. BAREH

WA, B FHHAEIC Lo T, BN FERREEZ BB T 5 L TRISHL TV D HH S, B <mE
SINTWD, LIRS, TNEDOREEIT. WELICERMICARIN TWRWRILEDOE ETH
e ZOERFRE LT, BEHOZBRAT TCREETH D Z L0, No TR0 ZEfG & Ofifhfr 1
NX—=DIEFICRENTEDIC, ERTADADBRENRE LTRHHLIZS WD &, RERFETLND, £D
7o, 3IERRN 4 TR E VS TEEITLRENMWTINT Tl B 2 SBREHTT S, WERKMFERL L O
HE, Fex ORI N—TTIXINE T, BEEENE (SEFEEK) OBRLIEARTREERRT (=%
b7 mtR) ORRZBEENICHNS Z & T, RIORTEDERRIZET 5 3 DORME RVWZ LT/, 1)
BEBERICAEIND RERMEFEBEEEF RO TIHE, B L NBKE LS5, FlziE W Z{kmo
BatE, WN & WoN O L9 IZEBOMECRIEN ZEL LTI AR LW 2 & 2) AR T Zn #5ER
WL TEROEGENEDLY | Zn (BN S ARNALE T S iR 2 BT 256815, —BIITEEEE S
D NHs T ATESZGRERIE 25T, HEIRKEDO X SIS DICEIENE - @RI #7200
AR EARRIRIZI D Z &, 3) Pb =0 Sn O JeRELN 2 E THRE SN TWRWE S1Z, Zn fFahs
HA TICALET 2 EE R TR O EMWE RITIEREIC
[ AN

B DORATIIZEN S, W D X 5 ([ZEE Ol %
B0 155 EBEROEmME - BaERZE /Ly Pb

D XD e RBEDOFHENDZ GRS D720,
MR E 7 e A2 HWD Z ERHRHTHDL EE

X HhDd, &I CAPFRE T, EEEE 7 v &

ADHRTHEFEMERER T T A2 BHZ T ETHK
JEPEA S HEE VT, Pb & W ICBES 5 ZE AL

WA ERL L . Z OfE S E AT & Y MEREAN &
o7,

2. BAEER

IZUDIZ, &EPbEX¥—4 v b Lizde w7 *%
ha ANy ZYET, 2 JEREALYERRE O 5 R SR
ZikZrT-, Fig. 112 0.8 Pa ® Ny H A (43 100%) 7%
P& TICBWT, Poh Y — RES 20 W TIERLL 7=
Bt X AREHT (XRD) /3% — 2 Zomd, H oz
v — 7 i fEIX. PbO O FiRME TH 5 -PbO @ 100 EIHriC
WD, DTFNEARA~ 7 LTV, ZOE—7
7 M BROTFETFERIL, S-PDO D a fili K TH 5 5.90
AXvtEVW600A THo7z, N (146 A) oA A
N0 (L.38A) ITHARTREVWTI &, BZEF y 13—
DEEN<Lx102Pa THDHZ b, F X o/ X—HDFK
MO LTaeAAAFO N BT P & Ui L, PbONy
DIRFENZE(L SN B2 N5, HEEPIZ N 2MFEE
T DMEFEND DT, T OO AR BEE T A 587 |
(TDS) #4T-o7-& Z A, iRE EHIZHES N (HEE%K 14) 100 260 300 400
&N, (EE%28) OBiBENBLIA Sz (Fig. 2), TDS Hil T (°C)

%D XRD ik d % & (Fig. 1), TDS #(Zi% PbONy Fig.2 TDS spectra of the PbO,N, thin film.

Fig.1 XRD patterns of the PhO«Ny thin films on
CaF, single-crystal substrates before (blue,
bottom) and after (red, top) TDS measurement.

I (Counts)
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E— I BNEABISY T R LTWAZ ERH LN ST, Zh
IR BRI XY POON, 10> N A LT, APbO ~ & 251k, w00l A PO
L2 E&RBLTWD, Fig. 3121%, S oN -kt &, mk
E&MTHLHPo 1Y —FRES (P) & Nyt (Pno) & DEIFR § 1 ¥ PbO,N,
LTz, ZOFRDG, HAHD PbONy 23MERL I EE 72 il K 55 Pb KT
P ORBIZIER I . & 0 IR TR R M % L 722 S0 At

Pb kM E AT D72 DIITNETHD EEZHND, PbO N
W, W 5T 3 tRE/MMTHY, WiFEFERkE LT . ik
HELRBRHER L & L CHIFS S5 LaWNg DIERZ 3272, 0 Amorphous
Fig. 4a I T ®mEE~ 7R a2y &Y 707 v 28 o5 1o 1's
LI~V TF Y —= R RAT A HNT, V7 7 A 7 Hf5 AR P (pa)

> (0001) [ EICHEx RHMGREL W Y — REHEE (La N2

H Y — RENEET—E) CTHREZ{ERT 52 & C, LaWN;
FIDNE DN DR ESRM 2 RFE LT, TORE, 1000 FELL ED
B EARIEE & 5.5-7 WIem2 D3\ W Y — RE

DR T TORT S 52y VIEBSRS @) a5 o007,
N5 EERLMNI L, b7 LaWN; = E 44 substrate
BT NVEREY T 7 A THEROTE X % P g <
vVIR % Fig. 4b (R L7, G HIE, 47
747 (0001) T k1= LaWN; @ (0001) fiAsAd e
m L Ok Lz, 20— T, mNFRTIZY 7
747 (1120) & LaWNs @ (1120) il A 5y
(2 30 FEEHA L TH Y, LaWNs > (1010) [HAdH i ;

P (W)

Fig.3 Relationship between obtained phases
and growth conditions (P and Pny).

WS 1A
7747 (1120) WICH>TRETHZ EADD | ey ™ g
o7z, ZIUE LaWNs 0 (1120) Btk FmfE | 0 T;@%ﬁ&f'
(5.671 A2) 197 7 47 (1120) Tozh 4747 U =™ '3

R) LEARTIEFICRE < K 20%0HF I A~ e
v F LB DITx L, LaWNs @ (1010) i (4.911
A 7747 (1120) HIZH > THRET D Z
LT K 3%ND/NSWVET I Ay FRERTD
12Tl B L RERT T 72, 18 DIV T 4 % o v VIO Yk -
BRI 572012, BIBICBW TN Y 7Y A MY —ZHE L
2o BFoNT= A2 kv (Fig.5) % Drude €7 /L & Tauc-Lorentz
ETNEHOCHNT 52 & T, LaWN; =B X %3 v LR
NRURE Yo 7N 1.83eV THDHI LEEHLMT L, ZDEIX
FHEME (159 eV3) b alE O ERBRFE R (L.2eV?) (2H~T
KEWVWD, LaWN3 T B Z % 3 v LB ~10%2 cm B 12T D IE
WIZEWS YV TREZGTDLIZENE N RT7 0 U IR
WCEoTHFANA RE Y v 7OMRBBHI SN EEZEZBND 4

Fig.4 Schematic images of (a) the rf magnetron sputtering
system and (b) the heteroepitaxial relation.

3. ZEXM

(1) Y. W. Fang, C. Fisher, A. Kuwabara, X. W. Shen, T. Ogawa, H. Lo e o 0
Moriwake, and E. Huang, Lattice dynamics and ferroelectric 1 2 3 4
properties of the nitride perovskite LaWNs. Phys. Rev. B 95, Photon energy (eV)
014111 (2017). Fig.2 Spectroscopic ellipsometry spectra

(2) K. R. Talley, C. L. Perkins, D. R. Diercks, G. L. Brennecka, and  of the LaWNj3 epitaxial thin film.
A. Zakutayev, Synthesis of LaWN3 nitride perovskite with polar
symmetry. Science 374, 1488-1491 (2021).

(3) S. Matsuishi, D. Iwasaki, and H. Hosono, Synthesis of perovskite-type LaWN3 by high-pressure solid-state
metathesis reaction. J. Solid State Chem. 315, 123508 (2022).

(4) K. Hanzawa and H. Hiramatsu, Heteroepitaxial Growth, Degenerate State, and Superconductivity of
Perovskite-Type LaWNs3 Thin Films. ACS Appl. Electron. Mater. 5, 2793-2798 (2023).

P-120



g v v
ﬁﬁ%ﬁ%?ﬁ%g — Reseorﬁ\result ‘r‘eport m—

Research result

5y8F - B (R R RLS 87
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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. EEHN

B2 —ZORRBEBED N THDN, KBNS EFEEOOH L EFE Y MEEOMESL A REE 72>
TWD, R, il 2 DETFE YRR I ARRTT —Z89<, Tib7p =7 —FTIEA M BT HT LN AL Ry 7 L7
STNWD, ZORRKREL TSN TWDON, MROY I VBIRER A - &2y N CHERSNA MR e
CHNET ALY a—% | ThD, MRaY VB RER T, BT Chi 1) EIEFL (BCKL 1) O 5 O MR % [F]
WZH 5, FRERRIE AT B A R T~ I T R AR A CEAL IR TSI TR, ZhafEH &
S B a— TR =T — 2Bl CEAZENRIIN TNDTZD THD, — T, ~IT7 T HERL 25
HETCEAFM LT A 2 DO EBRIF 2T R0 A TR, ZZ A TIX, 20X B IEREMD
BB ORISR L T E RN R T T a—F bk L ~ 3T R T AR T A E O RO W - b
BLOBHE ., TNoE W= T A A EVIZ AR Y VBB RO BIR IZEWLA TS,

2 MERE:

T T NI =2 (vdW) B E AL D L7 TIIMNR e Y 10 (Weyl) Ho4 8 T, BUR T8 TIE2k Itk
YNGR QDTD IZ72 2528 THbID WTe, 2, AT TED MM (99.9999%LL 1) DR FIV T
T L 7R B S EREE L U TR LT, ~E B AR IR L CHEAS A BRI L LT WTe, 2 AW, #i55 - vdW
FEIERIOVY 7T 7 0 —Hfiz B LT, M1 (@A TRUIZES 72T A A& ER LT, L
JL TR h-BN A% R T 2DTI O B 78 WTe, D L FHEARFEL . WTer |2 PA/NLTI A =y a7
hEB 7RG Uz, 2R B (BEED) (&> CTED PdTe, BREANNRRY IV at 7 AT 5
ZEIZEY, MRu U LV E T E Y ML TOBREORBINIFRES LD T NA AL L Tk LT, FERSICERIL 727
INA ARETE DN ESE T E A X 1 (bR T,

A0y

Pd/NbTi

= PdTe,

B 1. 2UTENRES R KO BUF T8 WTe, & MHEHEH PdTe, SO A& CHIFE LI I 1
BTEMOMRBERLABNERS N D27 VBB T A2, ()R, (0) FRLT7 /S A AEE,
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K2. B a7V LT NAADY AT aE (v ER) IRE, () 0.6 GHz O~A7afl BEFEOH Sy
I (dUadV) DT NARE I L O~ A7l i KA, (b) AR v n Ty 7 IR E dhfR,

TERIL 72T SAATIL, THEROD SiOs #afg iz Uiz Ny 77— B LN, _LERO h-BN #afk i 1-@a i Lizh
o —NEEIE T 2 HDRERRICL CTHY . ZHHDOFTAIEIC L > TTF AL ROV at 7 A R O 72 TR R
AEEAT o7, v A7 S RO BT (dI/dV) DEALE | T RARERIBL O~ A7 58 O AFEE L
THELTZEZA, TAAANBIRE a7 AL U TERET DI E D EMRFEILE 2D v Ea R E D
BN T U= (2) , K2(b0WZAR R MRS E HRR A R U720, IS B RN FFE DO EIEICE TbEhb
AR ATy I RHBRICBLIIS V-, A% TS AERL I A IS ESE T, Yak T U
BiIDH~as RO AL, MRV EFE Y O EFITHERL T,

3. ER#WX

(1) “Gate-tunable Giant Superconducting Nonreciprocal Transport in Few-layer T¢-MoTe,”
T. Wakamura, T. Sasagawa et al., Phys. Rev. Research (2024), in press.

(2) “Gate-Defined Josephson Weak-Links in Monolayer WTe,”
M.D. Randle, T. Sasagawa et al., Adv. Mater. 2301683 (2023).
(3) “Unconventional Short-Range Structural Fluctuations in Cuprate Superconductors”

D. Pelc, T. Sasagawa et al., Scientific Reports 12, 20483 (2022).

(4) “Giant Second Harmonic Transport under Time Reversal Symmetry in a Trigonal Superconductor”

Y. Itahashi, T. Sasagawa et al., Nature Commun. 13, 1659 (2022).

(5) “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).
(6) “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).

(7) “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).
(8) “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).
(9) “Vortex Phase Diagram and the Normal State of Cuprates with Charge and Spin Orders”
Z. Shi, T. Sasagawa et al., Science Advances 6, eaay8946 (2020).
(10) “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).
(11) “A Weak Topological Insulator State in Quasi-one-dimensional Bismuth Iodide”

R. Noguchi, T. Sasagawa et al., Nature 566, 518 (2019).
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Si-MBD ;ZZR W= C-Si-0 FvR)LICE D
/=)= TEMEME S A T ~ MOSFET DFAF
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BREEKTET /- T4 7RISR g, IR mEE

Normally-off vertical diamond MOSFET with C-Si-O channel
formed by Si molecular beam deposition method
by OKosuke OTA, Kento NARITA, Ryosuke YAMAMOTO, Atsushi HIRAIWA and Hiroshi KAWARADA

1. HEEH

IRFHESOEBUCANS, NU— L7 ba=F 20 aTHME R RIS =4 L LT, ET7— AT
n BT —ERGF T DA (N-FETS). 7 — A2 p-FETs Z W2/ NUAL AN AT RE 72 i HH ) v e A 7R o
VR—EPRRINTNDHO, H—DF—F RT7A4 TEKIZLY, RAFEDOF—b « V—ZEE(Ves)lZHB W
T, /=~ VU —FT7ENED n- O p-FETs BRIFFICA R V15722 e AL v F U ITREOT v K
BALBARELI D, Ko THEEBEAA v F U IRARETH LD, A VX I ZANNSL ), 740
B RO T v ZADNRUENEREE 72 %, IR, SIC = GaN, Ga0: %D U A RN R v 78K Z Hu V-
n-FETs DBAFE LK ORGRE 3 A Thd 253, IHIRAEARL A o3 —Z ISR T @ERE7R n-FETs 7217 Tl
72, FT7— LIk % EERE7: p-FETs OBIFE AR b5, FrlCER L & St E L o Sz L 7= /e
p-FETs DBAFIIMETH D, XA YELY RiL, JAWWNY R¥ v v /(55 eV), mWEYRERE22 W- cm™-K?),
R A EE T R (20 MV/em), IRWIEER(5.7). @O IEFL/ 3L 7 BEEE (3800 cm? VI s1) EWIEFLTF v koL
BB EE(700 cm? V1 s @7 S8R EL E L CTEB MMM A A L TWD Z b, Wil p-FETs & L TH
FENENTWD, EBL FOEBEEZR H /XU —MOSFET TlX, 7 =— b —/LO#HENL, F— KV
— AMEIEN 0 VIRHIA ZIRREIZ2 D ) —~ U —F TEENRRD LN TND 0, HEROKFEKIGZ A TEL
R(C-H)F ¥ L% AW 728 MOSFET CTlid/ —~ U — 4 VEIE(Vin: +15 ~ +30 V) & 72 5 T iz, REFFET
%, % 7 B — A HERE (Molecular Beam Deposition, MBD)#: & T, g {b> U = &3 (C-Si-0) F v 1 /L % FF
OIS A ¥ K MOSFET Z/ERL L, / —~ VU —F Z7EEIZIZ 200 mA/mm LLEDOEK R LA &
FERTER L2720, T 5,

2. IERE
2.1 TNHRARERTOER
C-Si-O F v RV O X A & K MOSFET ™

A
gt R ALO, (200 nm)

Wik B & (X 112”9, BANCS(001)p* ¥ A Y REE W< e Ly~ 8 pm
Wi~ A 7 mi 7 T X< AbF LR R (MPCVD) i oy : Gate (Al)

WX ViEFmY) — 7 BROT ey 7@ LT, TV
R—=7 R OEHR R—7 g%z 5k 1.5 pm 5, &
|2 0, & CHFs H 2% W=kl 6 7 7 X~ }
PeA Aoy F U Z(CP-RIENCE D LU F 2
L, ZOROT Y F 7 < A7 1E 300 nm D Al P i g f hann
Thd, TvF oIk, NLorFmyF o THA— B30 X 10" (0.5 pm) : B conc. jem?]
. I C - N LSl L (001) p* Diamond substrate | Il
POREE L R TIEFLAT ZAFFE D=, MPCVD :

kv rsuegr 7y R—=7E% 200 nm T 5,
FO%. T RIThX LTI UERMBIE LIS T X [ 1 Si-MBD 4% HV 7= C-Si-0 7 v R /L
<Ly 2T CVD 2 L ) 300 nm @ Si0,; < A (QOD)FERL S A & > ¥ MOSFET Wi

7 RHEREL, U/ a7 fE 50 nm & SiO,~ A2 300 nm % ICP-RIE |2 C p*lEmilsfaikz — v Fo 7 Lz,
MPCVD ¥£iZ L ¥ pJE([B]: ~1x10%* cm?®) Z il & ¥, HF(20%)XLERS L OVBERS(H2S04 : HNO3 = 3 @ 1)ALEE I
kv, SiO,~A 7 &#BEL, VE—FNFTAIETOKRET PV OINVBH T2, ZD#%, MBD E#EICT
0.5nm @ Si #HFE L, #5717 T 920°CT 15 HIE LT = — V5 1{To7-, ZOW, XA VEL RERE Si O
TRISDEZ D | C-Si-fEARAEL 209, Z L THMRE MBD &)Y H3 & C-Si-Zimid 3Rk I,
C-Si-/ % C-Si-O ~&Z b L, CSi-O F¥ X ABEHK IN L0, Dk, CHF; & Ar TRAIZE D 777 1 748

p' E Wy=d pm
Regrown layer (200 nm)

Nitrogen doped layer
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WLy F 7T D L TR OBEEITV, O ptE R Y — A EM(Ti/PYAU: 30/30/100 nm) Z ZRL L |
WIZERIEA & LT H0 % HV 72 450 O JR 7 HEREIEIZ K 0 77— MR AlLOs % 200 nm Rk 3 5, Fcfklc
FEMCE T IZ B LA BRR(Ti/Au: 30/250 nm), %~ — MEMR(AL 300 nm)Z ik L CTT /3 A A5ERk & 72 %,

2. 2 HETNARDERETHME

B 2o -4 Nl

B2 T(ﬁli Pa) THIE % » (a) g o) . . ©
4T - Sy _ l == o 1o -
{j ° - (M)A 2 o.max é;gﬂmAA/éE?Vm -0V '@VDS= oy o Normally-Off
KT, Y—RA - KL A R 200, FnS=8.0 mE2" cm Vip=-45V
o e N Bt | 350 @Vps=-10V
Afi(Lsp): 5.4 pm, FZhTF v ¥ Ly=8ym M

D= - Iyg
/DE(Lch) 52 um, ]\ 1% \/?; -150 Lsh_ 5.2 pm / 25t [Vm: Vis(0) - %Vns
| We=25pm 4

BE(Wr): 4 pm, Y —R « V) —
A IR (Lss): 8 um, &7 — K '
BWe): 25um &L, 777 50

AV65 4V /
%

=
=)
|Ip] [mA/mm]

I [mA/mm]
|| [mA/mm]
Iy [mA/mm]

4 T Lss xWe TiE% : P L i3 i L €4 PR

L7 X 2() & ¥ \Vos: =45V, 0 10 20 .30 4045 20 10 0 -10 20 30 <0 % 10 0 T0 20 30 40

Ves: =40 VIZEBW T, Ip max Vos[V] VasIVI VesV]

%, 214 mA/mm, 5350 A/lcm?, 2 (a)lo-Vos £t (b)[1o]-Ves&|l|-Ves %1% (Double scan) (c)lo-Ves 54

AP Ron 1E 8.0 mQ-cm? (a) (b)

Elpofe, K 2(0)& Y, Vos: 10 V(T C-HF ¥ RJL C-Si-OF v R J)L

VT, ON/OFF ki 107 Th Y . 7 — (BEFHMA: -13eV) (BFHMA: -0.25eV)

U — 27 S Ves: —40~20 V O Dramong Diamond

T 10% mA/mm KB CTh o7, Fio, J/f;r(,”"'ﬂ o e o

VGS OHINIIE & B BEOMIZ 51V D T | E 0 S0 - {27 70 50

ERT U VAUV )RR ST, Zh - Y o

MR ALOy ~oF—n b A = AR
FIEDHbDLEEZ Hivb, AT, - ___.--~"""”——-— i \f;;: ;.:;7{.\' L 2.0 0\

BARME =27 8 A (Gnma) 1T 15 AEy: 29V ~3.9 ¢} Larger E, -E,

mS/mm T, KT v /B (e max) 3 X AYELRE ALOs DREIZIIT DT RLF—1 KK
12 68cm?Vs Tho72, M2(c) LV, Vn DET/ (a) C-H F ¥/ (b) C-Si-O F ¥ /L

13-45V ThsdD, ZhicLh /—<

— A 7ENEZIRIE 2 72 200 mA/Imm X D lomax ZIERK LT, TERD C-H F ¥ RT3 ZL0DH V3
20V L EAFHA~T 7 BLTWDZ ERERTE D, ZORERAFTH~D Y7 M C-Si-0 i D& 7-Hfn
73(-0.25 eV)O73 C-H A (-1.3 eV)IO L D H K&EL, XA VYEL RE ALOs DN KA Ty R3S 2D
Z &L FE T2 C-Si-0 i LD ALOs DA D E EE M A C-H R H L LY b2 LTI TE 5, 451%13.C-Si-0
FyxMIED )=~V —FT7EEICINA T, p- KV 7 NEDOEHEAKL O — MEDHEIN(We: >100 mm) & 17 9
ZET, BMENORKERIMEER ) —~ ) —F 7RI A YEY T A 2% BT,

3. SEXH

(1) K. Okuda, N. lwamuro et al., 2016 18th European Conference on Power Electronics and Applications (EPE'16
ECCE Europe) pp. 1-10, 2016.

(2) Y. Sasama, Y. Takahide et al., Nature Electronics, 5, pp. 37-44, (2022).

(3) N. Oi, H. Kawarada et al., Scientific reports, vol. 8, no. 1, Art. no. 10660, pp. 1-10, (2018).

(4) J. Tsunoda, H. Kawarada et al., Carbon, vol. 176, pp. 349-357, (2021).

(5) J. Tsunoda, H. Kawarada et al., IEEE Transaction on Electron Devices, vol. 68, no. 7, pp. 3490-3496, (2021).

(6) J. Tsunoda, H. Kawarada et al., IEEE Electron Device Letters vol. 43, no. 1, pp. 88-91, (2021).

(7) A. Shenk, C. Pakes, et al., Applied Physics. Letter, 106(19), 191603. (2015)

(8) Y. Fu, H. K, et al., IEEE Transaction on Electron Devices, 69(7), p3604-3610. (2022)

(9) A. Schenk, C. Pakes, et al., J. Phys., Conds. Matt, 29, 025003. (2017)

(10) J. B. Cui, J. Ristein, and L. Ley, Physics Review Letter 81, 429. (1998)
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F/ ES—BEEEICKBZFTAMVYEY FFSIVELZ—D
HFBRHEEK

BAGH KT BITNEE Y, R/« 74 7RI rksE 2 OLindsay Coe, AHEC L,
KA |, P 12
Enhancing the photodetection rate of silicon-vacancy centers in diamond by nanopillar fabrication
by OL. Coe, T. Ishii, M. Omoto, and T. Tanii

1. IXEM

HAXEY RICARMPICHRZTRMNT D2 & TR KX v » TSR ENL N AR S v D, 2 2
Ol7e e RO BE 325 Z L TEFAIE c BIEEBEZEZ L, T EHRET S, XA VYEY R
DI & —1F 500 FELL L L85 < AFET 2 03[1], B TH YU a2 (Si) LR FZEL(V)OEA KB TH
L) a RSV B F ) IEN TR AR D BT S EREICH VR T
e LTOSHICHfEEN TV D,

LILBENS, XA YEY REORNE X =05 ORI IR I D TRV Z &SI mNT 72
ML RS> TWWD, XA TEY ROBEWEITRQAICE VSNBSS ST LEY Z &N
BRI DO—>THDH[2], MHAXFEIKRDOIZDDOT 7 u—FL LT/ Yy Rf~—Yar L X[3], 7/
v 7 —[4], RSN ETOND, FTHT /T —IIEEEROME S, T, 2L OEAEEDOE
SIMOEA[6]TH Y | i L OILIBIZ X 0 bR, B YRR O RO HIRF S b,

AR TlE, EEERE RO EAZ B E L, SiV BV —2NOLEA A VYEL RS/ VT
— kS 2 EfRl4 %, F7-. FDTD (Finite Difference Time Domain Method){EZ AWty I = L —
¥a AT K TR, LRI O T — BRI A A L, FEREH RO A ) = XL E R
HT 5,

2. ERRE

FDTD iE&x Wty I ab—va A2k, SiV B ¥ —ICRAL T LR R 738 nm)D
v 7 — LA RASOBIHFEO T —EE - & KA, B L —F —(kE 532nmm)D» )/ v 57—
IR COWINED BT —ERIKGMEEZ T, £, AV EANEBEICLSTSIVEV X —%2FL, ¥
T—HREEEZ T/ T —EORSNEER L=, Si A4 EARE%L 1.0X1013 [ions/cm2] & L,
BT —EA % 50~350 [nml(50 nm g, 7 /3% —2) & Lz, b—W—EaA I E S EmeE(CFM) %
WTZ74 IRy APLRIEZITV, Y Ialb—Ta UfER LT,

WFHHROE T —EE @ SIEEEDY I 2 L—3y g UHERZK 1127, B 200 nm, & S 500
nm =2 285, 7/ 7 —EEAER L 2RWEES LR LU O RM R R 5 L7 5
ZENGMoT, Fo. BT —E &% 500nm & LA O TR X OB YERINEO v T —E
RO I ab—va ViR EZNENK 2, K3 ITRL, ZNLHOEEHhZ L > b D %X 4
(T, EERIZE T 2RI iR L b YRR OREIIKFT D B2 bbbz, BT
—IEA£E 200 nm OLEITHRNK TR 8 (DY TR KA SND Z ENgho Tz,

ERL L7277 © 77— %o CFM #8 LU/ v 57—l CHG L7z PL A7 L& 5 (25T,
PL A7 hOE—T 5, SiV B X —PAKR SN TWS Z EZ2MR LT, —FH., ARO BT
JET—WNIZH— SiV B ¥ —%2 T 52 L THoT=MN, Si A AV EAENRELS T/ ET—56H720
D SiV L —DEENRLL oo T LE ST, F 2T, AN SiV & o & — DR IEBREE % HAT S
H- 0 THRIEALT D2 L THRAREEOE 7 —BERREEEZTMT 2 2 Ll Lz, 72720, ARl ER
TIHERL L7 7 DO D 9 6 3 TOAT / BT =Nk I TEY , £0OM 4 fETIE T/ ©F
— DR E MR TE o7z,

R E VI 2 b—va VEEROLE X 6 (T, il BT —E2 B TE T 3 SOMEKIC
BT HHENmEFEYS 720 O SiV & o ¥ —HROFRNIRE, Iz 0/ v 7 —ERICBTA2 v I 21—
valUfERERL TS, 3207 vy MIK/NFELI T N ERHTICBB L EME L TN D
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ZEMD, T/ BT —EERIC X D BHDEF BRI R KO IER O RITEK D b
DTH D &RbGamlTiT 7z,

e = m o n

HemgH e

1 JEFHRHROE T —EEE - & SR 2 HFH RO v 7 — BRI

ee]

(CRTH|
VI fa]

oo 200 30 Loy SO0 =0 150 150 35 A5 S50
~ B E [rm] — MEE [nm|

3 Eb@%%ﬂi$® v T —EARKE 4 JEF R ER X R O & T —E AR

1
5

= n

L r

;

- : &
- ol i i
5 iy = % H

£ H B i ¥

et ul X | v
: : it

X i e

X6 EEFERL I 2 L— g UEROIE

3. ZEXM

[1] L. Aharonovich et al, Rep. Prog. Phys 74, 076501 (2011)
[2] T. M. Babinec et al, Nat. Nanotechnol, 5, (2010)

[3] L. J. Rogers et al, Nat. Commun, 5,4739, (2014)

[4]J. L. Zhang et al, Optica, 4, (2017)

[5]D.Y. Chu et al, Appl. Phys. Lett. 66, 2843 (1995)

[6] T. Fujimoto et al, SNW 2020, 123, (2017)
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SEF B E R B

PHEIEEY—REBE LB LT T4 U A— BB EHD
BREES A E > K MOSFETs 0) fE 4!

AR HE K OEfE M, KW Y
BAGHKETT 2 « T4 7AIFFeRRE s B IR

Fabrication of Vertical Multi-finger Structure RF Diamond MOSFETs with P+ substrate as Source Electrode
by OAkira TAKAHASHI, Kosuke OTA, Atusshi HIRAIWA, Hiroshi KAWARADA

1. HEEH

BAEDHETIE5G DIEfTIZHEE Y KA EBEDFE E##kbfwi# T D T2 8D R JE I E
IZBWTCEH 72 PR T S, ARMBEARA R ERSTEY, 20 OISR O _EOE
VIS FE DB INAS L EET @Di¢o¥§mxiﬁwwinéﬁﬁ\ﬁ%%%yFM%%gméht#%%
MEICTH DY 2 Nb 28 727 R R U CTHFZEDNTIERIL L TV D, XA Y& RIZEEfn
ELTOME 7217 TRIEWAAY RE v » IROFWEMRERR EOEMO Rif e EEZHFL T B
0. REOKBEIMELRT VI T ORFJEHEREIC L > T 2 WEIEAL T A Z#FiE §75F T, s ¥y
V7 BEEEAT DR NVOERBEERT D206 EN - @it HEiEsR s L CoOIHBEIRF STy
£, FEFAVYELY ROEWEBMREREIE LI~V TF 7 0 o — 2 95 2 L CHALERE
YDA EEINT A Z ENTE, SRIERERROTT 7V v UG Cldie < HUT 2 8@ 7 5 s
EEE AL ETHAVYEY NOBREZMMESR N LU FHIEBERS ORI OKIRIZ L D8 e En
LTCTHAYEY RO EHI SR TEMEZ ML TE D 2 ER SN TWET, AL T, P+%
WAy —AEmE L THY, fEED~ VT 7 4 T — 2 R omJE 24 A vE2 N MOSFETs 7

NA ZADEREAT o T2,

2. HAEARE

2. 1 DC4

AEMIE L7 DC ¥t arcd, ¥ — FEE F LU FE 2 WL O E D 0 THREFLTE L.,
T IAEEHE»DL, TOFTHRROFEBRALE LT DOITHR S — MIE 2000pm, K~ L
Y FHE 8um DT N A AT lpsmax=-499.9MA 72 o 7-, TR KOBIREE LML X7
Z oA ek LIolEA s — Mg 500pum, F L2 FiE 8um T lpsmax=-297.4mA/mm,
gm=13.16mS/mm T - 7=, DC RO/ R %= T o fig.1 27,

(FLF0E 10 8um) (FPL>F8 L =8um)
L Wa [ 00 o2 2 =2000 pm) N Mo Sy X 5= X 3 (- S00 )
T T - - - .
N S e PN . 160} 1—320
Sy ‘L.].x-:.]:'.p\ O ) Il Vo= -30 <10V (AV =5 V) 1
| TDSma Y L,:“\“ n 1400 e 148 7 mA j*"aU
-0y 3 T8 mS/mm - 200 1200 - . -297.4 mA/mm 1=240
| oLy 30 Ly 13 1o mS/mm |
SOk 3 0 g 100 D Vi 20 {-200 -
= 300 - R 963 CQimm —Ifﬂ]; - .‘M- R, 9% X Omm 7:7‘50;
=20 00— " an {120,
10 80
104 50 |
21 {—40
U+ -0 nr “':n
1 i A i B 1
1 10 20 30 )] i 10 0l an 40
Voo IV V.. V]

Fig.l b L > FigfHd DC Frk D231k,
itvw%74yﬁ~%%@%@%&ﬁfﬁ =N N7 4 T —DREE 2FICL7Z
CTCTHEREBWN 2HBICHEML, POBRBEZMEFEL VDIV IRFEHELAONEZ, 20
Bk 2 ko fig.2 12T,
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“— hEEWG 74 e H— *‘:r FiEW
L0 X S X 2 HHIII |1m) — ][|[| 10 < 2 (2000 pm)
0
180 1_:-(.
160 et
140 -
ot [F-3 ]
100 1003
w ' %
~ A}
By kL
L [
M i]
o ) R 22 et
Inpa~209.86 [mA] Ly, —404.9 [mA]
lomae 20986 [mA,/ mm| WREEMRN o, 202.45 [mA mm]

(B3, T%)
Fig.2 ~/VTF 7 4 T —REEDRHR
FEERDOFig3 TIE MLy FIRTODCHMEELBLEZE, FLUYFENREWVWIEEHEE
MBIOMAEa X7 X ANRRKRELL R AVEPLF/NSII R EVWH EHAE 6N

7o
L L e
Fig.3 L Fig @DC%E@Wm

2. 2 RF#% N _

mE W REETE S DC FMETCH T — X EZ LI AE 2 XY ' Vge=-10V
BUABRRKREWASAL T ARTHMEEToT2, TORKR. AT 1\ Yos 0¥ |
RI/IME B RHEORE RN S EIRE T & 7o i T i KR E K Ko | ' \\ IE'E‘:;’;GHI
M b K& W fmax=0.9GHz Th o7z, FLAEOUWEICE L ‘\‘Fm.u
WT hLUyFENRESL RDIZoNTEBEEEICH B \

Ao, by FEIERICHEIHAEa X7 %22 20 EIZ
Yo THEBERENM ET S EWVo 2B BlETE -,
F R LUFIRIE Y — % - MO RICEE L RESBNE NS 2L \\ \\
LA EIOREMRENOMERTH I ENTET,
Fig.4 /Mnﬁf%*f

2. 3 TNAREBEDERICHESHMEDHE

T IR RS TR RLO fig.s ORI AR IEIZ 72 D K D ITT NA AD S — NSy O A A VE Y
LE L7z, BRMIZIZY — FE(Le=L1(2,4,8um)+4um)m» 50 1 ARD 7 — R ED 2um 1272 5 £ THEL LT,

Fio.5 Wit oZ2fb  #i () % ()

L Vge==12 'V
DC W B CIRBI AT & FRIC~ L F 7 oA —tlE | | Voe-40 v
DL PLCFIRIC L PREMBTE 0, BEEIEE e
11272 F O fig. 6 1R T OIXBEMAEX B O/NMESFHEDORRT | N Frax | 213 GH2
M. Z ORIEE T K o THRKRRBRE R O R ME fmax = 1.3 \‘: ;
GHz &72 0 | M & JE M & A € K MOSFET {24 T 1 GHz REVINIEERNE
PO EE B E MR T 5 2 LM TE I, M N

| \

Fig.6 /IMa 2R M (R % 2 %)
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FN—DL—LETERLIEEFAVYEY FADNY 2 —DESL
BRHE KT/ « 74 7RI TerktE O FHEMR, EEHER, FETFZE, JIFRHEE

Fabrication of NV Centers on Diamond synthesized by Chamber Flame Method
by OMayu UEDA, Yudai ASANO, Kazumi ABE, and Hiroshi KAWARADA

1. WFEEBY

NV & —I3H A Y& RibahH &R 2 32 (Nitrogen) & 2 U2 RS 2 JR 122 fL(Vacancy) 7> & ff Ak &
NoHFERmAMROZETHD. ABMERFS NV B ¥ —iF, THRMICHREERAE VREELER N ae—1L
VAEMMNS, B P a— A —RMRE I DT Ty F 7 —0E LTI SR B[]

XA X E L ROFERAEIIIRE L 5T T, @EEEMHPHT)E AL PR R (CVDNED 2 R H 5.
CVD EIFMBJEDBFE NI LY, v A 7 a7 T X<k, 27 4 7 X ME, BRBERER EICisibsinsd.
INETEAIL, ~A 777 X~ CVDIEEZHAWTERRE ORGERERZ N—T XA YEL FE2{ERL,
NV &2 & —DfHli 217> T& 72, ZORER, 8.5x10% [em?® & W) R EERED NV 7 >3 7L OB
WFIL TS, 22T, SHICEEBERNV B —2 -3 57-012, o CVDIEOKRFZ1To7-. K
FZETILCVDIED L O TH DMERIELZ LB LI T ¥ o N —T L —NEIC RV ER R—T XA VvE FEAE
WL, ZOMOEITo 7

2. WFZERkR
21 Fr o NR—TL—hEEHWEEZRN—FF A vEL RO/ER
PREERIEIT 1988 I IAMHIC L » CER SN -BHE L sy ot e TLF LT

19 amern

TEeFLrERWZAAYEY ROARFIETH 5[2].
HAXEY ROGKIFICE 20 ELET, KBk
HCOAKMDAEET, ML — R3S & ) R %
o, LL2ds, KRBT TOABKRICIEAHY)
FIEANECHD L VWIBERDH -T2, 2T, TN
WIRBERIEZ LR L, RRZHEE LT v o3 —H(X
1) TERT 52 & TRMPEIENZ FTREIC LTz, 20K ~
BrF v o N—T L —AEEES]R]. Ty =T L b /=T L AR B
— LERROFEIE, EREEORNWS A YEL FE2A
KTEXDHETHDH. MEmEOFNEED —2h vV —
RV Ry B AREEZ AN FIA RS D, fESOEEMEICENT 5 FETO B — 788 F &, fEdb KRS
WZHERF % Band A B — 27 JRE AICL Y FIAEZRE L, ERARIWIZERMBEERRNWE IS, Fr N
— 7L —ALETREDE A F VY VRESELET V R—=7 5 A4 Y RO FIA I 625 TH Y, thodmkly
ECERLIEAAYES FEHBLTHOMD TERVMEL > TWAH[4]. ZNETTF ¥ o N—T b —AhiEE b
BLWTEFZER—FE A YT FEERL, NV &2 =0l %247 > 72617230,

ERRN—THATYEL FOBGRSKMNEZR LITRT. BT RITMHE, 7Ty, EREHL, €35
Ot &% 50 [scem], 100 [scem], 150 [scem]? 3 SAFICEEE LA AT 72. AL B AR TERFEOM N H i
iz LEER RIS L o TiThuz, ERIZIE 3mm A, (00D)ECIH D HPHT 41 ¥& > K& iz

K1 Fvr/—7 L —AhEEE3]

#1 GAEME
Sample  CaHz [scem] O [scem)] Nz [scem) QJCiH: RG] [h]
S0 [sccm] 4050 3600 S 0.89 1
LMD [scem] 4000 3500 100 .58 |
150 [scom) 4000 3700 150 0.93 1

2.2 B R
212 50 [scem] Btk D YRR 2 <. WO M 50 [scem]FabR & [FIERIC, FobR DA ERE 0 1T I3 ARG
AATYEY RSN TS 5T, ERFRICIIZHESSL A YEY RBERBESN. EFRE2HITIC
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FRIE 24T o T2 FACIE, R A~OHFER X A VE L RORBIZRE LT\ 57
b, Z ORI IEE O TIXRER OB FEOHBNRRA THE L EZ2 505, )
T AVLARE D W ARG TR FEAR O B AL ARk O E A AT o 7

2.3 (3w Itk 1~ > 7HIE

X ARETEEE 2 W C3) mIE Rk -~ » ZHE &2 1T > 72, (113)| T
DOIEHFEZAT 5 &, K SO R T 7\ & R AT 7 18 0O X5 OFFAf

[X]2 50 [sccm] tEEE 14
ZATH Z kD, HPHT &
A ¥EY FERNPLOE— S
WX LT, XXy LEn

i B = B2 . B LOE—7 LBEDNEIZH D
RS O T VAR N S fER
(a) 50 [sccm] (b) 100 [sccm] (c) 150 [sccm] ;ig;ﬁ j)j l/;f T Rk
WETT T v, R 2HESH TR
Spitaxial Laver
— T 1 #2 fhbsTIES "
A Samphe lr#}:;il.hll ﬁl?fnlii:;;,lﬁll ; '
50011 -1.01 HL0T J-'/-\
Substrate S0L2 +1.31 -0.03 £ e \
100 -1.59 +).32 b1 LY
150 045 006 J \

4 50[scom] wEfAEET L 7 100 [scem] & 150 [scem] p B AN -
TR I PAT 7 1) O WL 23 N

ffeRB A 7= 50 [scom] TR AT 5 1F DU & iR T D &' — 7 13 ffe (a) 50 [scem] PL A< |1
kI, 2o Z &b, o 2 DO HAMR & [FBRIZ AR AT 7 A~ IUE
LARERE LT b0, WA ZMZ, KEBT—RICBEmLEE  §o
£z 605K 4). e
24 NV &% —pE
7 M Ry APLRIERKEEZRK 5 1RT. Wb 575 [im] T e S

IZNVO O E—27 7%, 637 [nmlIZ#i > NV-O B — 27 REERTE 5. 2D sk
LMD, BRER—THAVELY RRNICNV B 2 —RMERICE TV LS -

zZ5h.

Iz, LRV =P —BREE O THERO NV REZRH L. £
DFEEL, 50 [scem] D KAk Tk 4.0x10% [em ], 100 [scem] D Fabk Tl 2.3x10% 1 r‘\

[em], 150 [scom]d HAf Tl 7.1x10% [em 3] Tdo > 72, 108 em3]A—4— & [ N

D NV B as-grown FAR & LCIHBO THVETH Y, Fron—7 1 v 5
L—REENV B X —ORBRICEATH L L E25. AROBEL LT | |

X, AR LIRS 5 BRI, AMEtoREL, Ly RMmE 0 e e
R—=7" LT WUDE R X A ¥E R E~OED 3 Framnbo7 7 e
—FICE DNV T o H T ADER D ERELRET BND. (c) 150 [scem] PL A~ | /b

K5 PLA~Z L

(b) 100 [sccm] PL A2 kL

3. ZEXR

[1] F. M. Stiirner, A. Brenneis, T. Buck, J. Kassel, R. Rélver, T. Fuchs, A. Savitsky, D. S. J. Grimmel, S. Hengesbach, et
al. Integrated and portable magnetometer based on nitrogen-vacancy ensembles in diamond. Advanced Quantum
Technologies, Vol. 4, No. 4, (2021).

[2] JRWAPE—, SORBATE, BERRGEAT. BBERZHWIZRAPTOX A YE FEK L Z OIS, Kk, Vol.
40, No. 1, pp. 104-105, (1989).

[3] PPN, FHIES. BRBERIEIZ KD UIHITF v THRA~D XA YE L Fa—T A 7. FE L5REE Vol
59, No. 2, pp. 263-268, (1993).

[4] PrnElE, FINIER. 7Y — A IRy B AGHOITIC L D54 vE FhOfEEKR MaoFH. i
Hiffi - The Journal of the Surface Finishing Society of Japan, Vol. 52, No. 1, pp. 120-124, (2001).
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5Y9F G Bl IS AR B

1550nm HFEF Fv b DFB L—HDHEARY ~ILIREFF4E

FLRG R ORI K, ~A L —A FH B
R SGELEEIv) 1 LA A NI ) D R

Very Narrow Linewidth of 1.55 um-Band Quantum Dot DFB Laser

by ORyota YABUKI, Siim HEINSALU, and Katsuyuki UTAKA,
Atsushi MATSUMOTO and Koichi AKAHANE

1. HEEW

R Ef- N M (quantum dot: QD)L B FIRHEA 3 RITHIIC ST 5 Z L 1T L 0 eS8 b L7 IRABE EE 3 15
I, TORERX v UV TEACLY BOEEREZOLOORE L TMOFFLHENES L N TE D7
B, KL 2 VEFRIEIMZ TEWETHEE, RS S PRRE A =7 VR, & U TS I L7
FERSEOND Z ENMBILTWD, [1] FEFEEITEIREEICE B L, p F—71C X 0 SIRATT O E KT
2OV AEER 120°C £ TO CW BfEZ L L7z, [2,3] SIS MEEPEICHE B Lz, o358 L LT, T4
TN =LYy MFRIZELDEHE - REELBENE LT LHH T, @A MURIER RO
BARAEEMINTEY . QD & AW R 8 R L — 2RSS TnWDd, [4] ZZ2TIEQD L—
P ELEEE CTh 5 ofhifER (DFB) ##E A L7z QD-DFB L —¥[5] I2L V., @of&EEza75
QD L —H D Z OETEM 72 ARMES FFE ORI 2 B & LT,

2. 1 HRTHEE

EBRIZH W QD v oW G A Fig. 1 1087,

InP(311)B Kbl BB 2 {E AT C MBE iEIC KVl L7z

1550nm 7% InAs/InGaAlAs QD 14 @& THY ., 77 v Nix

InAlAs J&, v v 7 J8IE InGaAs 5725 H DT, HHE

EFEEB O TER SN2 D TH 5, [6] 4FIT QD JE

X/ v R=7"& Ui, IRHEE R D72 121348 & & 2Rk
THLEOICH—ERHIEB AR TH D, £ 2 TH-ERD

LEME A T 3 A s R L — 3 (DFB-LD) #i& & EHRL L 72,

QD-DFB-LD O#i[X % Fig.2 {Z~d, #E— KB LiAHD

U VEIG I FERNERD 3.0 pm & L, HHEERE 1T 1000 pm

TH5H, IR IIHEREDSRNETH--Y . EBiEiEAD  Fig 1. Cross section of 1550nm InAs/InGaAlAs
BEMERIERORZ MmN, EFE—28Y (EBL) & K QD wafer on InP (311)B substrate.

FAxvF 7 (ICP-RIE) 2LV, KD X H I IZHERL
L7z, ZOF, =y F U 7RSI E D EHRENB 2T 5 o
A, EHTENE L LT 20em” BREED D, 7. Bi— HRA—7 7
P DS A L3 1 b o AR TGO A /
DIFFRO T DR THREIZ 4 55D 1 E (A/4) 7 M& pes

WA L7, MZCHSEICIE LS VER T LMy Ly — RE - AL
LA LD, Si0NTIO, ZEEIC LY FiFICIRK SR EuE )
(AR). BIFILMERH SR (HR) a—7 4 > 7 % Liz, H5uRE

2. 2 RTEH nfIE \ ART—F 425

Fig.3 13 QD-DFB-LD O = T?D CW BHERFD 1-V & OV-L . .
B ch . LEUVMEERIE In= 17.3mA Uy 1359 0.49 Fig 2. Schematic structure of QD-DFB LD.
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kA/em?) L@ O FP f#i&E® QD-LD & RIFEDKL &\
EFRHERGFON TR | B F 2 EHEEEE TR
ATy F U7 TR LIEEBITIZIEENZ & RS
niz,

Figd 1Z7 V=7 =7 FTLEVEERD 1.27 {F
(I=22mA, P~0.5mW) TEIESH7- L& & O H CIELE
Ta XA R E T2 A ROV R O RIE R
RChdHr, v—VoVERICEZ 7T 7I2E D A
b HNT-F ORMEIL 20kHz TH Y, IREEHIEEZ LT
WRWIZ S 0030 B TR TRV ALY S LIER M %
~LT,

Fig5 |24 7 2AEREES BT HED AT ML
MR 2 R T, BT L —P R Eom@E o L—WiE, A
A 7 AEFOIEIN X 2RI KB L TAT b L
HRIE AN U HARER NS O SEoR B o Rl 2 i X 5 9k
B L > TR MVOFIEN Y 3R ET HH, K QD
L—PFTIX L EWVEEEZDSRARS MVBIEREE —E
NAT ARET/RLTEY, QD b —W OIRMEE 4 B
WOR LT RE 3t 5z,

DIHRT,

3. £&H

1550nm #7 QD-DFB-LD ICBWT, 7V —F = 7ITE
UNTHI 20kHz & RO TEWN ALY b V2R LT-, %
TEAHARMERFIE SIS A T AR D72V & 5 BB
FRENBIE S, ARFE L, Uy BRI — (]
DTy F o 7 THERATREE WH S i ThH Y, 2k —
Lo MuERo 3l s & ~D L2 8 M A & n 5,
S%0SEE LT, p F=7RE L0 LT, BERE
PRI T PERRIE L — Y OB 2 BT,

BiEE
AWFFEIE—H NICT %8 (No.01301) D FE# 15T
B S, EAERIZYS 72 - TIESCEE ARIM O X%

57,

S Xk
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Enhanced thermal conductive performance of solder-based composite joint utilizing Cu porous materials
by OHiroaki TATSUMI and Hiroshi NISHIKAWA

1. HIEEM

IR, bSO QR RESCER BB EO S K, =3 X —fHO &R, ~V AT T SOk
RENTEY | EEERT A 20/, EERE, SRR EE L R0 TWD, IRHDT A AL, &
THEIROPERER LB = M2 EH L, PRt OB RICERL T\ D, L, T35 ADOMEEER
FIZHED FATEAS O BAMRE LR E R LN EERIE L 2o TV D, 16K, IZATEMEI~DT R
I EDFRA SN EEICDTZ > TR ENTELZLOD, KD SN D FEIZIZE > TV,
INFETEELIX, TATEMEZEM L LIEEAMEL - s L LT, CuR— T AMBIOKILIZIZATE 2
Al - RESHTHOLND CuR—T A B - FATTEAGEEEZIRE L, XA D 2 (50 Eo@En - BVREM %
FAEL 7= Y, F£72, NiO THFE L7z 2r0 F kiR L= T R84 Sn-In IZA T E2RE L, Kb &7
% Sn-In XA 72ITxE LT 36BN -5 RIBENHGONDL Z L Z R LT 2,

AETIE, APEZRE IS IIALEEGHEEZ AN T 2BAEIN ORI L. T30 A~DIEH O A
MEMEZRD Z 2B ET 5, RERE T, Ehd CuiR—F A B - 1IZATEE G L LT, —HFmiES)
L5 ALEZBT o0 —F AR —F A Cuz W= FikE . 20T 1A A~DIEHEFIZ OV THRET S,

. —

2. HEmE o
2.1 O—2RBR—-FACu-IFALEEEE
18 D E= B 14 514l

n—X AR —=F 2 Cu ¥— FEIFATEY— %
FAWTES 2 FR Uc, AWFZE T, Fig. 1 IR T
JEX 0.2 mm, BAHENK 50%0D 12— & AR —F
A Cu¥— h&EfEH L, XA — MZiX Sn-3Ag-
0.5Cu (SAC305) [TA 7% Wz, 87 aE A
KM% Fig. 2 1277, BER 10 mm O ETFOCuT «
27 Ozt X olcn—% 2K —F A Cu ¥ —
AR — 2B LCEREL. N2HFTY 71
—THZ LI Ko THEATAIFR LTz, #AREE . — .
250 °C. HAWEIE 60s & L. HAMORS Fep 192 BT ARR=T A Cu - BALERGHE
BT I A TR P I RS X £ 4T o 72 EORRT 7T A
o Cu-Cu 7 4 A7 A TRO E BB G =R | e
ExEIT> 17,

0—4 ARR—F X Cu-lZATEEAREZ IR L
72 Cu-Cu 7 4 A7 A AER LT, Fig. 3 |128:4&
oW B R A R T, B — & ABKR—F A Cud
SRALICE LTI AT 0V E ) e S iz iidE 2
WA EMBHLEMNE RS TWS, Bon-Y
ST LT, EREE AW THEAT O BRI 2 B H
L. ZF I LEAEHO RN OBREREZE T LT,
ZDOFER, BEAE D AT OBRESRIT 142W/m-K
T 7=, SAC305 | ATZEIRDEYRESR 55 W/ m-
KIZxt LT, 25 fFoEnz@mBMsE 2 r4 2
ERHALMNE IR0,
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2. 2 O—4RBR-FRAC0u-IFALEELEE
EERAWN-ED 31— LT

0—4 ARR—F A Cu-lIATEEAEEZ XA T
By FERER—=AT X v FEIZHNT, FEmAE
EOMG 28T —F Y a— NV EER LT, A E
Fig. 4 |29, i —# —% N L72 5 X 5 mm
D TEG F > 7, #ufaER (F) =AYy MM,
Cu/Si3N4/Cu J:ti 9), 35 LY Cu R— A% | $eAriA
ATEEEHMEIE EBICHE L, V7 e —2 XV #Es
L7, Fy 7REOWE (T) & Cu~— AR e
DOWE (To) 2RI LN ST v FITHTEDEIRZE
MLUTHASE, Z0LEx0F vy 7EEmND Cu X
— AR F T ORI Ringop 2 HH LT,

0—4 ARR—F A Cu-lZATZEAE LRI L
o= AT Z y FEHO X #FimEg %z Fig. 4 2R
T, n—Z ZAR—F 2 Cu & ZDKIICKES N
TIATEDR, ENENEKE JONRIKE S LTHEl
Bahnbd, AL LTHEEINDHRA RRIZEAL
Rz 5T, [ALCIZAERBFICEE S TWY . A ST~ G
5oL BHER TR, Wi, Fv 7 —Cu~— AR Fig. 5 BEMOEIE X REARME
OB ZWE LIz, AT H v FERER—RAT X
Y FEO 2 EOHEABINIATEDHE MGG L LTz, ZOfER, #aREIcn —2 28R —F 2 Cu -
WIATEAWEZ W 85E . ITATZBEIRICH TR 13%HEH 2 KB T 2 Z L Bhbho T,

v
'
A

- “ \ y
A e o e o e e e

3. EEXM

(1) 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)

(2) S. Nitta, H. Tatsumi, and H. Nishikawa, Strength—enhanced Sn-In low-temperature alloy
with surface-modified Zr0O, nanoparticle addition, Journal of Materials Science: Materials
in Electronics, 34, 2066 (2023)

(3) H. Tatsumi, S. Moon, M. Takahashi, T. Kozawa, E. Tsushima, and H. Nishikawa, Quasi-direct
Cu-Si3N4 bonding using multi—layered active metal deposition for power—module substrate,
Materials and Design, 238, 112637 (2024)
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Elucidation of the Conditions for Anodic Bonding That Yields Sound Joints
by OMakoto TAKAHASHI

1. BAREHN

BARESIL, TAH VR EDEERCT WA AL 2807 2R L Ik S, i
FHORNEERM Z G e U CEEZENT S 2 & CHEGE2ITO HiEThDH, BEEZHINT LT 7 AOHT
BB E . TOEGNO N EZ T TH T ACEEND EehA 4 DB Th 28K EH L6
WOANZ A2 CRENT 5, ZOREER. H 7 AHROER L OBEMmIHFIIIEA A RZEPET S, BA
T RZBIIA A DBEN LR RSN O A A Bl E e o ORWVA B 2T, T0A
B & MR EICHEN D EEBMOMICE 72— N> TH T R LEBENBRL BET D, SOICHA A
VRZ BTl < WS OER T O A AL RN A T A LEKOBAE BB L EROMR TR A IR S
TRISEE T D 2 & TIEAMRBEA BT 5,

Witz & OETICE IR T T AR DGA A OB E) 2 {5 S 25 72 DR ITM B2 500K 76
700 K FREEICHIEA L T B BIEDOHIMZTT» T2, L LA T DM EHR L OMIEZIER O ZEN K E WA,
ZORREOHESIRE TH > CHEAROMEATICRERBREISHNEL, T7 AOBESLE LN TOL
FEORK & 72D, FIMTXBI L > IS T OBREMEEZMZ DO IBEAERELZ T2 ENEE
LWEELHY, 2o ORBEDNBEES DICH SR EZ RESHIRLTE 7, £ TIN 6 OMEE MRS
%12 DIKIR COBMBEEA O ATV, TAI =T AEELL L LY — X T A 597 T AlFLOEIBGHR
A TR DBEAIRE X v KIEIZEV 333K (60°C) TOHREER LT, LNLERUT AT T AD—
FCHLIMEN T AT ZFE UL TV =g AgEfi b & U CERBmES L-G6. BE N mamnEg
EHLIEMFIL 433K LLEOEARIRECLIMME LN o2, ZHHOEETIL, U7 ADMESCHESIREIC
MO L TEEARICH T A RN D ERPDEATZEMOER T TOMEBEN 100 CIm? 2B 2.5 L AR TS
ERBEE LIZMTENEGEOND Z ERERMICAWE ST, BBESICBWTH T A 2N D ERO X v
UTIIBENT 544720 T, BWEIIHT 7 ANLESREIMGE ST VI =0 AL KE LT 024 4D
BERBLTEBY, o THREINZEDHEEOETZ LR LTWELDEEXLND, BEEFIZT T X
h a2 BEIT HEMRE TRERMTENE O NI R EEET 5 Z LN TENIE, T A& 5 ERE L Bk
BEAONRTA—F ThLIERRE - EAELEOBBREZH LTS 2 & TRAERMTENE LN LBESMU%
FHETDZLENTE D, TIT, BEEDOEMZ2BHEOCEA S ETBBES 21TV, BEMMNFICBEIT S
T & A OMEITORRE R Lz,

2. HRKE
2. 1 ELUBBEAREOEKICLELEXRAMHORBRIEE

72 R Ak T2 45 2 T2 O I E R BB R O A T AR OERBE)NE & BRI B OB L&A BRSO
L1280, BIKEEMNLD & LTe W T ARIE O BRGS0 ORI OE S & BN 2 76k
FIZE 2 TITWV, BNk FoBA RiEoOREEZ B L,

HEFMBNCIZ Y — & T A 545 A Matsunami 50 Z W2, EE 1mm OWEE X 5T A Z1E 25 mm, £
E50mm OEFHICOW L, ZOREICEZEARETS5mm, 10nm, 20nm O 3 @Y DESDOT IV I = L=
EHLT- UBTAI=ULABOEISEZD 45, 215 OO _EIZFE U Matsunami 50 & X 1 mm. 1§ 25 mm.
ESA0mMmMOEFEORET VI =0 AgxE TS A TERGDLE M7 VI RAKT CHEAIRE T, =443K
WCIMEAL TG TV =0 AJg & i, Wil 77 AR OSMAU O 1h % 2 & LC 400V OHESEIEAZHIML
THE A 217> 72, F£9 D=20nm CTEHLFEIMEFRH t,=5400 s, D=10nm, 5nm T t,=3600s THEA%Z1T
W, TS =T AENEEICER L SN ETF A2, RICD=20nm T, t,=669s. t,=1461s D 2 # Y DE
JEENEEFC, D=10nm T t,=669s TOHEAEIT-T=, 29 LTELNHEAREDORELBHR T 7 A
il CEIE L,

21 Fig. 1(). (b). C)DPAMAEEIZ/RT L 512, D=20nm+t,=5400s, D=10nm-t, =3600s, D=5nm*
to=3600s O FOEAEREITEIELL T | #5PITH b T VI =y AERT X TSN &R
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RENT, ENEFNORTHTT VI =0 ANg oL sE
T35 ETICBE) LB & (qp) 1% D =20 nm T 293 C/m?,
D=10nm T 184C/m?, D=5nm T 72C/m> THh - I-,
D =20nm, 10 nm OMETF CTITEAREEENEE L Tz

. EATICBE LI EMAEN 100C/m2 X /hEL ot
D5nm@ﬂ$@EAﬁﬁ IXRBAETRDEF LT,
ZDZENS, TAI=ZTLE ) —FT A LH T ADBEH
BA R OBE DN ER SN D21 10 nm D43, 5 nm FLE
@55@?»::&A%&kéﬂéggﬁ%ék%i%h

[8) D= 20 vm, £, » 5300 s (b} O » 10nm, £, » 3600 (c)D=5nm,t, » 3600
oo (FAI=0 DEEBERON T A L DREPHBALEN o e = 184 o= T2l
D7) Fig. 1 ERRIOEEAMNTHAS LT
D=20nm Tty=1461s & t,=669s OftF, D=10nm T B hs 2 S0k

ty = 669 s DHETFOIMELE 1L 4L Fig. 2(a). (b). (C)ITRT
TS OREFORES R HEIIIRBILDOT VI =T AJEDFE
fFLTCWW =, D=20nm - t,=1461s O FOBEARmEITE
RPN E LTV, D=20nm * th=669s, D=10nm -
th =669 s DT DS FIIIZITREEBIFEF L TV,
INOOMFOBESTICBE L-EMEIT D=20nm *
t,=1461s T 163C/m%, D=20nm - t,=669s T 82 C/m2,
D=10nm - t,=669s T82 C/m2 Tdh V. HAEREEIENE
HLTW/=D=20nm -« t,= 1461 s OFFFTIXFE U< R4 .
K2 H LT D=10nm TTAI =y AfBasmacE  W0200 Gt B0 20mm b s (40100, -se9
(LEETMFE, RESWHEMFL W D=20nm - .

b=6695, D=20nm - t,= 6695 DREFCEMIL sy 00 IR CRA LT
DEFELTCWZD=5nm T7 VI =0 ABEZ T2 b S T

VM FOBAFICBE) LB EISEVEIZ R 5T, ZRHDORERNG, TV =0 L E T T ADmREE
AR OHEEDER SN D EMBEEOMMEIL, EEAMPIZES R E CBEEININEDOH LT VI =
LADBERML TV HDLEEZ BT,

10mm |

2. 2 [GIBESOETICHTIEAEETNOEE

WE Y 7 ADGmEA % L VKR - ’fﬂﬁ—*fF'EJTﬁ DL EARRICT DT, WET T ADMGmES A E
JEEHERIBELZEZTTWV., BE50MITICEESEIENE X DB B LT,

HETFABHZIZBEE AT A 0 Tempax %ﬁﬁb\to JEE 1 mm OW#EE X T Az 0E 25 mm, £ 50 mm &
EHRICOIM L, ZOREICEZERE THLEDO T VI =g MA@ E i LTz, ZOWRD EICE L Tempax OJE
S1mm, IE25mm, & 40mm OEHEOKRET VI =T LABEZIZISATEREDE, M7 LI U EHA
T 3Y D Ty, 433K, 473K, 513K IZHEAL TOBL T A =T L@ EHMm, WO H T AR OIMA O i
ZREfiE LT 600V O Vy 2N L TS 21T o 72, AT 7 A %MD EREHE L, 5 5ivizik
TFOHEAREEBR LN T A% L TEE L, BONERIIFREOES 2 HAEE 400V TiToz L &
DGR & I L 72,

Vb =600V TOHADER L EEHICH 7 A2 BE) L /- B &% Table 1 1C V, =400 V OFER & i TR
Lizo K, OREARMEERIESE. X IHEAERICHRMICREET»EF. ARBEEGERIT M
EHL T, 2ok ofRE L i
Lo —E ’i'l%ﬁ?bibf’ R, Table 1 1;;/\'35' ‘(Elg H‘J‘F‘i% KTTTO qu’ﬁTT%?/\@fdn:%
%ﬁii% S o TR <3 2 AT i bt bttt T -
DEHE () % HIMPFICHEL Cm? T T e
RL7z, Vpb=600 V TOHEATIXFEL e fﬂ
Tos th TD Vo =400V TOEEA & HRT
o A8 1.3~15 %5 & 72: b, ZhICHEW2T
FEEOMTF %215 DI HE R EEHN
ﬁﬁﬁﬁ<&otcitw-mov<
NS MW%E<T5 & T Tp=393

K ToOEA b AREIC R o 72,

&00 W

400 W

GO0 W

e e—

K £
200 v E2.8) 9100

{Bonding temperature, T, [ K)
]
[

SO0 WV
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Development of single-pass welding process of high-strength steel using plasma-MIG hybrid system

by OShinichi TASHIRO and Manabu TANAKA

1. HEBEM

JESHRR DVEH RS 2 FFEIL, %, TARHI, /B3, &M, BB PEEE O3 TR E VY, Plasma—GMA (Gas
Metal Arc) VEHHEIZ 7 0B A A D= X LREHETH Y [1, 2], ZOHIEICITEmWERNERSh 2 00, &
BB HT LT 1282 TORABY, RSAIRENATRE R EFTZRD, L LR, —AITHRIE S H 0
TAHFIE T TR T — I R’ F—h— LZEBRLIZLS L 20, EHlox— ‘J‘Mﬂ/ﬂﬁ/ﬁkﬁ\fﬁ;&k&é: LT

WRENINEEL 725 Z LB TV D, AR TIE GMA 2 —/v be MRS T A 2 BN Uit th R dm ok /) &

BFEEEZ L TR —FR—AFEERDIT L, THUBEEEICRIFTEBIC OV THRE L7 RIZOWTHE
95,
2. IEFEER

Table 1 ZEBRZA %, Figure 1 IZFEBRIEEMMOBRAK Z RS, AT E 705 77 A~ R O%AT
EHE/SVA 160 A & LTz, BBIE3ARE 9 mm &R )8R
ELN~F¥¥y7%15mmLmELtOWA/—WFﬁZ VLAl A, Ar+2%0, K Y Ar+20%C0, Z FAVN, 7
Rith O 28 A L— VBRI (T & m

fii & 70D GMA IR : D BILILZ 1LE 2B 220 A,

ATEDENEENE S IE

El_/ H
?/%

et Uiz, BETOT— 7 LR

BT A B AT TS Uiz, WEHERICITFT —A— Wik NEE e — R~ 27 afim 28152 L=,

Table 1 Experimental condition.

Parameters Value/Unit e piorn
Base metal thickness 9 mm ot e e @
Plasma welding Welding current s || S | |
Stand-off of the torch 3mm | ta) L1t o oLt
Shielding gas Pure Ar; 15 V'min
Pilot gas Pure Ar; 2.5 I'min % "I":
GMA welding Welding current setting 160 A e |
Wire feeding speed 3.3 m/min 5 '
Voltage 25V prisen i
CTWD 20 mm © e 'II-
Wire diameter 12mm || e | —
Shielding gas Pure Ar: Ar+ 2% Oy Ar+ (b) ol ol
20% COz: 10 Vmin ! !
Welding travel speed 20 cmm i Figure 1 Experimental setup for
Back shielding gas Nome (a) hybrid welding and (b)
Root opening 1.5 mm observation system.
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Figure 2 IZKSRMFICBIT A — R~ 7 uiiE BB A2/ 7, IWEEX EEBEIO GMA 1854 R & T H)
DR ERREE BRI VTN D 2 E R0 D, Ar KO Ar+2%0, D6, T CHEIABR N RERTH
D, RaT 4 DRELHERTE D, ZHICK LT, Art20%C0, TIXZARIALDBE SN TE Y . FEflo
FEEIBELSMZAONTVD, ZIHDEWVWERGTTT 5720IC Figure 3 IZF —AR— VG HEZR L
770 BRI FRE TO X —HR— /LT Ar. Ar+2%0, J2 T8 Ar+20%C0, TENFI 5. 48, 6.27, 7.67 mm & 72> T
FBY . Ar+20%C0, THRICKRE S 2D Z L3005, Bili Tl Ar+20%C0, TO AR OIERN AL S —AR—
ANERENT NS, L EDORERNS ., GMA O — /L KA RICEEFZE N L SN A1F SR E 5 /15
BFLEF—F—ARNEBELST LD, ABMNE E TET 52 & TEMRITEWTHLIHREIALR G
NRT KD EBRALMNI o T, 7272 L, FRES) OB E O MRt ORE L 25 X 23729,
ek B RHENA R R ERD D EEbS,

Figure 2 Weld bead cross—section in (a) pure Ar, (b) Ar + 2% 0,, and (c) Ar + 20% CO, shielding

gas.

8.5

A e

Figure 3 Keyhole cross—section of 9 mm weld beads in (a) pure Ar, (b) Ar + 2% 0,, and (c) Ar +
20% CO, shielding gas.

3. &EXH
[1] K.Ishida, S.Tashiro, K.Nomura, D.Wu, M.Tanaka, ] Manuf Process, Vol.77, 743, 2022.

[2] D.Wu, K.Ishida, S.Tashiro, K.Nomura, X.Hua, N.Ma, M. Tanaka, International Journal of Heat and
Mass Transfer, Vol. 200, p.123551(12pp), 2023.
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Ceramic Stereolithography of Yttria Stabilized Zirconia for dental applications.

KIRKFZEARAHTETT  OREL vy b - 744 F, FER
FEEFNRAEMEFTNEY ¥ —  HE AETF
by OFiona Spirrett, Kumiko Yoshihara, and Soshu Kirihara

1. Background

There are strict mechanical, chemical, and thermal requirements of (@)
dental materials for application as dental crowns, bridges, and veneers [1].
Various ceramic materials fulfil these requirements and are traditionally
shaped by the dental CAD-CAM method (Fig 1 a), where a precise
prosthetic is milled from the ceramic. This method has inherent limitations, (b)
such as material waste and wear of cutting tools due to the hardness of 5Y-PSZ mAAM
ceramics. The ceramic stereolithography method can be used to accurately
shape these components without the need for tooling, and with reduced
waste due to layer-wise fabrication (Fig 1 b) [2]. 5Y-PSZ

B

w7 gvsz

3Y-TZP - WA

For dental applications, Yttria Stabilized Zirconia is becoming a
preferred material over Alumina and Porcelain due to its superior  Figure 1 dental crown fabrication by (a)
mechanical properties and esthetics. With Yttria stabilization of 3-8 mol%, CAD-CAM and (b) AM

the properties of this ceramic can be changed for the

High
' . General y x
intended purpose (Table 1). 3 mol% YSZ is preferred for R e pe ] i
mechanical strength and hardness, but 5 mol% YSZ has | Yttriacontent (w1%) 3 mol 3mol 4mol Smol
superior translucency for the natural appearance of a froiuacontent (W) 025 mol L5 <005 =005
o o Strength (Mpa) 1400 1100 800 600
human tooth for dental crown applications [3]. Fabrication of 20 35 41 49
dental crowns by ceramic stereolithography using these % Transparency .' ‘. .' ‘. .' ‘_ .' ‘_
materials is expected to form accurate, patient-specific R &R A s e mEThe
prosthetics with excellent properties. Bridge application ° o JAY x

Table 1 Dental Zirconia material properties.
2. Experimental Procedure and Results

In the ceramic stereolithography method, ceramic particles are Ceramic Particles in
dispersed in a photosensitive resin and spread across a build Cured Material Photosensitive Resin
platform at a defined layer thickness. A 355 nm UV laser is used to Q.
selectively scan the surface of the material, solidifying it b Qs

y ! 9 y UV Laser ° .@.

photopolymerisation. 2D cross sectional data is joined by laser curing
and consecutive layers are processed to form a 3D composite green
part (Fig 2). The green part is then sintered to remove the resin
content and densify the ceramic.

Resin composition has a large impact on processability of Spreading Blade
the photosensitive paste and must be non-toxic for application in ~ Figure 2 Schematic of the ceramic
dentistry. A range of commercially available and custom resins  Stereolithography method.
were investigated for curing behavior. Monomer, dispersant, and photoinitiator were combined at varying
concentrations and scanned by a 355 nm UV laser with a spot size of 50 pm at a power of 300 mW and scan
speed of 1000 mm/s to process a thin film disc of 50 mm diameter. Extent of curing was observed and
results are expected to inform suitable resin selection for photosensitive YSZ paste creation for ceramic
stereolithography.

Computational modelling was used to visualize the deformation and maximum stress of YSZ dental
crowns with occlusal force for comparison with other ceramic material protheses (Fig. 3a). The model
surface was represented by a fine mesh and faces were selected on occlusal areas of the bridge model. A
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fixed support was defined under the crown teeth, and a _

force of 200-300 N was applied to two occlusal areas on the E =

bridge models, and the values of deformation and stress
were measured. An initial model using dental zirconia
resulted in a maximum principal stress and total
deformation not exceeding 20 MPa and 0.6 mm
respectively, however further analysis is required to assess
and compare bridge models of varying YSZ.

Ceramic dispersions of 45-54% YSZ were mixed by
planetary centrifugal mixer, and disc and rod samples were
fabricated by ceramic stereolithography and sintered in an
electric furnace. The samples were inspected by Scanning
Electron Microscopy and flexural strength testing. Rod
samples of 45% 5.6 YSZ suffered from curling and
delamination during sintering due to low solid content. A large variation in flexural strength in the vertical
axes was thought to be caused by cracking in the sample, but showing greater strength in the vertical
direction is consistent with literature for compression molded YSZ (Fig 4a). Samples created using 3 YSZ
paste of 51.57vol% had the highest maximum measured flexural strength over 1200 MPa, close to values in
literature, however showed large variation (Fig 4b) [4]. 3 Y and 5.6 Y slurries were used to fabricate dental
bridge samples by ceramic stereolithography (SZ-2500, SK-Fine) (Fig. 3b).

3-5 YSZ samples fabricated by ceramic stereolithography must be further optimized to improve flexural
strength to be competitive with values in literature of 1500 MPa and 600MPa for 3 Y- and 5 YSZ respectively.
Future work will include evaluation of suitable photosensitive resins for YSZ dental crown fabrication,
optimization of ceramic pastes and stereolithographic processing, thermal post-processing, and mechanical
characterization.

Figure 3 (a) Computational visualization
of YSZ crown deformation with occlusal
force, (b) fabricated YSZ crown model.
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Figure 4 (a) 3-point bend test of 5.6 YSZ rod samples created by stereolithography using 45% dispersion paste. (b)
Biaxial bend test results for 3 YSZ disc samples created by stereolithography using ~50-54% dispersion pastes.
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Fabrication of graphene/two-dimensional-iron/SiC heterostructure and its interface structure
by ORyotaro SAKAKIBARA and Wataru NORIMATSU
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4H-SiC(0001)JEH 2 Ar 7 AR FIZ IV T 1500°CFEE CMEA S5 = & C, W EH e Ny 7 7 — @il Et 2 1
Lz, ZONRy 77 —@RBE2BEEZETF v o N—NIEA L, FEIZE nm OFEED Fe #5 Liz, Z
IT A A== g BTz T O 2 OB ket Lz, —oik, Ny 7 7 —@ilkkl
REIZFe 25 L%, TOEEHEEZEFTMEAT 2 HETHL, ZOFIEZ, LUTF T in situ L L W
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Figure 1. In situ IEMZ L 0 ERL L 723080 TEM Bl£345 %, (a) HRTEM %, (b) HAADF-STEM 14,
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Figure 2. Ex situ JIZMZ & 0 /E8 L 723080 TEM #Bl4245 8, (2) HRTEM £, (b) HAADF-STEM 4,
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Realization of superconducting transistors using superconducting boron-doped diamond
by OChiyuki WAKABAYASHI, Yutaro HASHIMOTO, Masaharu TAKEUCHI, Shuuichi OOI,
Minoru TACHIKI, Yoshihiko TAKANO and Hiroshi KAWARADA
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