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emu/g. fRE7125.00eDi &=L\ 100kHz, 1250e D375 N CRNZFE R e Uiz (B1) o —.
B e-FeosNIF MRIEFBIREZEDREMELTAHANSNTNDYIRIT N (Fes0l) KDBeWLllaEMZERL
120 S5\ e-FeosNOIBRSBMZERSEILED DO\ BNIZEABMEE ID e-FerNE BADHSUR
AEEDRAEEUCERTOHDEHHFEIND.

T2 ERERR - RIERD BB TSIy IR EEMHIORIR] WERSRIK - Bk - RIEKD [/
FYVEALMDRIXRIEE - £ CWoTB RO RRSN TS,

O,
5] ® 24002, 96 h 251 1 260°C,12h
- 240O ,24 h - 250°C, 12 h
20{ -®240°C,12h 201 @ 240°C,12h
- 240°C,6h °c. i
e | , ~..] - 230°C,12h i
g 151 .o Fe;0, g 1 )
K 10- I 510 } :
* *
51 }* 5
3%, ]
- J: 0 : :
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (s) Time (s)
(Tukey’s test; ***P <0.001; n=4) (Tukey’s test; **P < 0.01, ***P<0.001;n=4)

M1 BLOFRGETERUCY Y T)VZDEIEE. 100kHz, 1250eD3557#EE M1 OnEENMNcER 7V NADEE R

INA F EEEZ R 9 EF

DAL IVARNE AN Z X LERPB KOOIV ARE LAEBEIER)_EDTZEO DREAEIERIAL --vvvvvvvvrrrsvvssvvsns [P-65]
KITASESRILTRA O s, (i~ AN
KIRAF T B
RRTEAF IOV« PHETRA BT
FIAF RSB TRA o

ST 5y AR DR RN E DIETL E AL T DIETE - rrrrosesososissossossssosessssesssssssessssesoeon [P-67]
KBRS TR OMEIIA, HIHFLT- SEHED 3
SIAFRBIPTIRAT THEE, Wh#A
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IKE DI REE RIS T BDIT T FEEHERGERTR oroevrovvrsersseerssees oo ssesssess s sssssssessosessess s sseesssss oo [P-69]
KIRKZEERI IR O/NEREsL, A B, JORMESS, R, BRI Z, Bt
BEBRRKEREMH- VR T LR FH%
BRI TIO DI THRHIRET TITB S BIBRIE LT - [P-71]
RIAFKZ R TEARFR FHIEA Ov Ay v I v, WG RENE
RIRFEEHARA ARAZESRZ TR EEin-vd
RILKFIEHEFTHARPT NGV
A0/ —VEIR EDBEGRDBEERVEEREDIN VIIrOETUYS s [P-73]
Rk FBKBISTHRPT OB —F, IWAREH, FHES
SPRBEARIBT 1R wIER
FEIBEL L iR B U IR DERL ST IEBEZRITAED vrerevereererrereereererssereemessersemsmescemeseressesesessesssesesessessesessenesnns [P-75]
ARARZESHEHRM RIEAZEB TR OHfEZ
RILAXFEZHRE S HES. B, KERrE sk
R FBKBISTHEPT RR A
BARBENSYIFTUNI—V AT LADRIE — 7251 b/ RFEXIR—SRAVUNDER—  orrveveeeeee [P-77]
BRIERFYEBT ZRTER OB TR R8T AREMBEARS dlgs, Ehitkz*
(%79 v 74 THERZEIIEE)
HFRAU-CU-ATER R IE S R DRI E TR B T AR DRI v [P-79]

KRIFAFHPRMEMTRRARERRMNASR Ol
RRERERARFEAR TEH R

RRIERF DOV T P EER PR Kang Wei Goo. B FER. FfE. HEREIER. Tso FuMark Chang., SiRIEA. fEERAE.
(GF FREELRATITRN) K FH 75 48
RILARAE RS TARR ERETIR
RRERERIASER R T2 R NFAg—
Formation of octacalcium phosphate with incorporated 3,3'-dithiodipropionate ions - [P-81]

RREMEMRPERE T2 OBPIFRE, BEITIE, T R—

UV EENIL YD NS LS D BFERRBESTI et [P-83]
RRERERAZERANR OVLIE, AR, IR
XBRERAF VAN STI—EZANCREERAICKDEEHAREEBRUYE e, [P-85]
RRERERIAS OmTigl, i, e
Local injection of Hydroxyapatite electret for hind limb ischemia - [P-87]
RRERERASER AR S OWIIRERL, JHES, T
RREREHASEFERERS PR AL
BRI IR S P RS 7T
PEINT7Z7AME-Cad—FT AV IICRDBIERARETDRDAREE -ovvvvvvvveseemmmmrvreveeesssssssssiinnnsseseessssssssssisinnsssecsees [P-89]
RRERERAZ AR OZ Y. BT, FNIEZ, )T Ul ET
0T LBYERR BT, i
Increased Mechanical Stability and Permeability DY - [P-91]
Filling the Interconnected Pores of Porous Microneedles
RRERERKPER R T2HRPT OBarthelmes Kevin, J§i,. 65
FA1S—0OYI—YKZTE2E Kittipat Sathitaphiwan. Nuttawut Janwimaluang
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R = L R Tt DIl 5 I [P-93]

RRERERZEFE TP
RIERFIEARNBEFLFSH

REOMBESEHHICRDTFTIVRANORELEN S

RRERERARZEGIR TFHIPR

tE-gEmR RN\ DILAZEBE LB LdECMDFREH

RREVERARFPEFE TZRRR
BIURFAZREEZZHESHAR
RREFERKRZEmERERF IR
RIERFARPIREFH AR
SRIERFYRT LETZY

Lithium-modified TiO2 surface by anodization for

FIREH:—B, HOERWL, BRI, ONITR—
NI Z

OWNIRE. BEFE. TR

ORI, FEARLS . AFW, R
B FHIEGA, FAZRRih

EARREAS, AGED

I RFE, TR

TR AT

enhanced protein adsorption and cell adhesion

RREREHAZ
SRIERF

Influence of three kinds of ionic antibacterial agents on the antibacterial effect of titania

RREREHAE
FRIERF

ORFEE, LERT. BPRHG, FRCIL bk =
Rekils

OJiang Mengtian, BPiFitffi, LEFRISE, ZpkHISE
KEZ, BREZ

30TV 5 7ZBVEIRERRUNY —@IF D4 —5— /Rt E =@ T RIS B DIER 5D

RRENENAZAZREEFHEMERR

OMIMBUR, BFHER, B THE, FREL

FAPEYRF /ES—BEDPDE—NVEYI-BFAEYZRVEEFNT O VEIC KD

FWEBKRETF /- S IR TS
EIRRFEFREN DB R
BUREFEREN STHERIMARFERERE
BERFERERBILINOZORARRER Y9~

J—MEEZRAWVCRBOFETICR DV ILF YYD

FWEBEKRZT /- S TR TS

OAkirabha Chanuntranont., A, KHEZE, NEHE, BIFEER
BB X
7N FH 2

ity FH G %

O AN, fEMETLRE. Yu Hao Chang

....... [P-101]

......... [P-103]

......... [P-105]
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BARDERSTERFE] « [PEILI PRABRYFEEROFRCAORIE] « [FEBRHEENIX DHEEHIRE DR
([CEITTZEMOFERT) A RADRIRL « FTAREREEZ(EYBFHORR] « IMROYAHILEFIVE1—
SDRBICEFHH - RTFORFE] « EBEESH SERBIFETRY MU —TORHE] . [F1PEYFSEAK
IND—F)\A ADRERI] « IMOEBYIILIZOLI OLRIEFREREIIEEHNI VYO MFvIDRIR] «
[REASADEE > TUY MITICEET DHBMITE RERIREL ] REICIMDEA TN,

IFEESM D EF

Information and Communication materials

ERBBILYERNSY IS DIKREMEICAIFTZTSAI TOCRIRMDBRFE oo [P-109]
KRR SRS OMBH— Frvilli, #FF, LI
ERTEAT IOV T« PHETRHR MR, TS

BB F N E 2 R TEAREREEEIEA AT oo [P-111]
ERTEAS IOV« PR Oxtis

BB CERBNT BDEEEBITHEEL oo e [P-113]
KBRS SR Offtigik—1
ERTEAS IOV T« PIRTRAR

ANNYEUYTIEICRDPEIVTPRBACAVD LSBRRDIERET A A —RIFHEDEE o [P-115]
ERTEAS IOV T« PHERREAR O A FREH FRHI, MEFHE AR
KBRAEE SRR AL, R

IERBFE;04-BirOs-BoOalIEEETMIIE oot [P-117]
ERTEAS IOV T PR OFBAM, 77> v, FREKR ks
BRSSP SRR AR, FHE4

RISER ) S EE A NE B R BERIEMIDTERERRES e [P-119]
ERTEAF IOV T PR OFPEER, TFAFI

NROVDIVEFIVEL1—YDEECENFTEMES ZTZFDBITE oo [P-121]
ERTEAF IOV PR OMENISESS. AR, Wik A
BERAPASRT SRR SEHE, AT
SRBAZES /- S5 DRIHTFAE I
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Si-MBDEZAWZC-Si-OF +RIVICK D/ —U—F JEEMELS 1 P EY RMOSFETDRFE oo [P-123]
PREBAZERT Pk OXHFEA. RHEN, IR
SRBAZET /-S> JRIFIREE BRSNS HE
F ES—IE SR CKDYIT T EY RBSIVEY I —DIHFIBEZRIBA oo [P-125]
BRBAFET ik OLindsay Coe. AIFRCL, KA, HIEE*
(% T/ -1 DRI TRRAEAE)
P+ERZY—ABBEUMBIRILF J1 Y H—@EziDaRARY 1 P EYRMOSFETSDESR v [P-127]
L= i aswaal OFEfGHE, KHHEA
PRBAZET /-S> TREAREE ks, NG
F U N T IETERUIES 1 PEY RADNVEY S — DB oo [p-120]
PRBAZET /-S> TRIEHAREE O HELH, BYFHEA, FERAISE, I
1550NMBBT R NOFBL— T DIRNIIMUZIBEHE oo P-131]
PRBAZE OEKFR, N YNy —A, FHEBZ
[EIRBIS NS WARY, HRWPE—
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BRCBDHFICHTIMHREICHBREBI - FTRYEDRID. BERZIMOREFECIRDBES HUVIER
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DB OIREM T EDRF O MERERIREB ORI REDT Do Rz MR —EVIHEZBNDIEIC
KOREBICAHT B DBEFENO Z DIERTIEZIRFT T Do

BRRMA- BTS2

TILF AT — JUA IR S C R BIRATEMRI DI BHEBEAL, v [P-133]
KIRA AR HRAT O4RTE, PITMHEWL, pI%

TR AN e =y g \VI= Loy QRPN (T ke ey v = OSSO [P-135]
KIRA AR HRAT Otk

TSARZTIN\A Ty RBEZZANCERDBERD O ICRBEEEDRRFE v [P-137]
KIRA AR HRAT ORI —, [

Ceramic Stereolithography of Yttria Stabilized Zirconia for dental applications - [P-139]
KIRA AR HRAT OA¥ Ly k- 744+, HEEE
RO HRANE LY 59— HEALT

4551 /SICREICBIT DA VI =D —U IV EZDFRERENE o rvorreirresorrsiressesssoissssosssissssinss [P-141]
BEBRAEASRITSHRE OIS HAR
OTBMASESIPT 2B EaN

BIEEROYR—TIA P EYREAVEBIGERN S IR DIRIT i [P-143]
STOAR S/ -S1 DRIFRZ S OFART-. MEAKAIE, Prisiis. s
WE R TARE K —, A%, HERE
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EFf&:E (DEJIPMA-3) BfERES

BB EDEE Y I7—RA /RX=3VRBIETOY o (DEJPMATOY IO OEI0BREEZHE
(The 3rd International Symposium on Design & Engineering by Joint Inverse Innovation for
Materials Architecture (DEJIPMA-3)) A\ 2023F108208 (&) [CEFiBAZEREEE FFEASSRA—
L) [EBEWVCRESNEUZ.

T ABERZDF IV NY CTHARMBAZDIRBFREIDRSHREEATOY IO MORENBNS
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DEFHEFEONKUIZ. RIC. BARNDIHARENS1 264DIBIFEBNTHONEUIZ. #EEEMohd  Syamsul
e RLU—I PPV XKEF) (\Woosuck Shindtik (EZERIMTHFAEIRAT) (BB ELE (KRKF) FHEEN
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by Joint Inverse Innovation for Materials Architecture
(DEJPMA 2023)

October 20, 2023 (Friday)
International Conference Center/WASEDA Univ.
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SYBF ¢ BRBE - EARAE BRI B
TS5 AAMEAERIC L B A 21— 3 UEITDEIE

KIKFBEARIFRIRD  OfFA—, Frhskih, A 4%
BRI - ¥ 27 MBS IR

Development of Methanation with Plasma Catalysis Technology

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

1. IEBEM
AR, HERIERR L, HERUER 0B ic LY =2V F—ENBEEL L TE TR, I—FRr ==
— NI E B LR BRBRESZAIETATDOHFEPERSNLTWS, 20 O REA R 57~
OIZ, REHFHHEI L @B bikE (CO2) ZAKFE (H) EGSH, RATADERDTHD A
v (CHs) ZEBT DAZFR— a OB NED I TWnW5, KIGRIFLL T TREINLD,
CO» + 4H> — CH4 + 2H20; AH = — 165.0 kJ/mol, (1)

ASE T, itz A5 2 & CRIGOEME LT RV F— 2K L. U & - TROG 2Rt 2 2l
TERIZ X DWFER— R T 225, @B K 2O 2 EVEICREN H D, £ 2T, 77 XA~ Ltz
T 57T A~ flfEHIC Lo TAZ R —2 g VKR EERT L2 LICER Lz, AFECBIT
HREZEIT, O BRMENMENZ & 2. ISR REHACHLZ L, ITHD, REEIX, I X~
DHTDA B X — 7V MEEIZ BT 2 R L OE L X 27— —T7MS)Z N T—HD
AERE A KA B ERE LT 5E OFEMRBBO B IZ DWW T OB A1T > 72,

2. HRAR |
Fig. 1 WIARBFFE TR W=7 7 X< i A X 3 gas inlet

(H,, CO,)

— g VIEE OIS 2R T, AME 50 mm, N
B a2mm OTNVIFTFa2a—THNTT T A~v%
e Ui, BREHERG T 7L LT3 B —
%0):/1’/1/%%1/‘7”:0 W%%@T(ﬁ’ﬁﬂfﬂmlf? circuit |
R WIRINBIRNE D Cu DAYy V2 ZiRE L RFsupply
7oe 22T Cu A v ¥ 2 [T ERFEIC T
ICREEN/ NS NWTZDIFEAEAF R— “— ALO,; tube
G CIEHEB LN ERERS TS, E =
%0)/\037(_‘& LT, 7&%5-57'772 400 W, & plasma
731 10 mTorr (ZfR->72, H AiikiT CO2. He Oy Cumesh
%ZFNEI 1scem, 6scem T—iEE Lz, _ mEeeeeemw 0
F72. MS T X DK RLT WA DB A R
P57, MS fEHME L (woMS), MS %77
X‘??ﬂ (ZHX(E (W/ MS on mesh), MS %77 A~ 30 cm gas outlet (H,, CO, E>
SMZER E (W/ MS below mesh)D 3 /XF — /2D CH,H,O.ctc) ' —
WTIRE L7z, pamp
H AR O 43 BT AT 13 U AR E & Sy A 3 Molecular sieves

QMS)ZE W=, A & x— a VRO FNfE %
FEL LT, LI UIE CHa RN H W B35, CHa [OO

IWARIZLL T OATEH SN 5, Fig. 1 77 X< 4R A 4 F—3 a2 VIEEOHIEX

Molecular sieves

[CH4] ON [CH4]OFF

CH, vield =
4y [CO5Torr

()
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Z ZC. [molecule]lZ s Doy tEER L, IRAF

ON, OFF [X7'7 X~ ® ON, OFF Z/~7, i 01 ' ' ' ' '

1T, EHHTD CO2 723 CHa lICBL L=EIG 2R L discharge

. S 008 ——5". -
Fig. 2 {Z w/o MS, w/ MS on mesh, w/MS below g W/ MS below mesh

mesh O 3 NZ —NZBITLHT7T7 A~ EMKE 8 0.06 -

D CH4 IR DIFHIZAL % 753, w/ MS below mesh 8

TIEMR & & HIT CHy IEEABIMLTOE, t= B 0.04]

300 s BT wio MS & HeT 3 f52L R CHalL 7, w/ MS on mesh

FHEOA, 7. w/MSonmesh TH=50 5 o,

~200s OFFHTIZI woMS LV 1L5fFIFEEFN wio MS

CH4 [P HFHNTND S DD, £ DRI 0 . . . .

BDLAZEAE CHaER SN Ip ol 2 &0 0 50 100 150 200 250 300

530B. BLEDRERIE, MS 1T & T A ()

3= a3 VEONZAENZE < — 5T, EOWAE
RS, MSIZHEMMDHFIET HZ & 2R LT
W5, 77 A<HND MS OFMPEL ol &
X, MS W72 T, 77 AW TAERR S Nk 75 O RSTEHERE b [FIRF IS LT D
ZEHERBLTND, £, MS OFEHIZ L > T CHa RN EE M L7-BHm & LT, M aEsl &7
FALIR(H20 7770, OH 7V V)R MSIZ N7 v P EaNcZ &EnFEXbb, 77 A~ TCldtkx
PR BOGHERIFDNERR &, ZHUC & o THEZRBUGAEIT T 528, RIFHCE ORIGEDE S BEE 720
FOsbit 2 009 < | BIRMEDNMEWERFR & 72 o T2, AFESHRIZ. MS O] 2 b F RS D
PHRREZ I L O D AR 2R LTz,

7T R ERICEB T D A X R — g BV, BRSNS Z LN EETHDH D k#
O Mo T, SRITHEE L LA S DY, SHICA X F— a VRO ELY BRI L RFHCE
FOCHEREIZ DWW T O ZHEE L TW S FETH D,

Fig. 2 CHa I ZR D FERE A7

3. HRWXHF
ﬁ%

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) SI1008/1-5.

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.

EEIF%‘SA%%%%

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 (DEJI2MA), 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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SYBF ¢ BRBE - EARAE BRI B
EERAMIRE X TRV LDEMAR Y MR ESEMICET MR

KRIRRF AR AZEET ORfRESRE ., HLH @, Weihao Li, Paponpat Chaimano
ALK BRI gEET RS FE. AAEER

Feasibility study on resistance Spot welding of steel and magnesium
by ONinshu MA, Rinsei IKEDA, Weihao LI, Paponpat CHAIMANO,
Hidemi KATO, Kota KURABAYASHI

1. HARBEW

CO2 HEHEZHIT 5720, HEIHEOFEZRET 2 HINORBRLERAI K TH D, i), HIROHE
e M AR LR e b, 2O ZODOEREWNLT 5720, HRE RIS & HiR B o @ik &
MRt~ 72 U L EFHAT5=—ANEE->THY, BEEOHEGEMZMARE L 2Tl b2y, —FH, M
ME~ 72T AORSNZNENHK 1500C, 600°C T, 3FIEERR D70, WaE % RRHCREEET 5
ZEMARARETH D, 22T, ZIZ T, v/ ATV LAOHEE I, ERERDHROFRE LD Ni 75y
WA T 5 2 & TH B D Fe fl & Mg MO ILEFAE SRRk A2 I L 7ol 6 217 5 BRI s & LT,
E/EFER KR MECENDIBIIAR v MEEEZ AW CEMIFIE 21T 0, AHEI 2 frhuE, BiRoRg
#{bam LT, CO2 DHIE & SDG s ICHBRTE %,

2. IERE

2.1 58Fe-42Ni B ET TR 9L AI3IB DIEI AN Y MEEREREH

Fig.1 IZI%, Fe-Ni 54 L~/ 2V U AEEOBLAR v Na#ERBRO® v N7 v 7 %537, Fig2 IZid, #
ARy MEBOBMIZIK & ~FEZ2 R, B O - R 1L 100mm Th 5, EHEERORMZE(LE Fig.3
WA L, eREEIE 10kA T 60Hz ORI WEEIRZ HV 72, Figd 121X, BHLAR v MEEER R O & ~Fik
T, FeNiG& L~/ 3207 AEEOWREIZZENZEI 1.5mm & 1.0mm TH 5, B OEEEXIE, £
ALZEI 30mm & 150mm Th D, EHEO HAEEIE 30mm X 30mm T -7z,

- Nickel
[ ]

Steel

R Mg alloy *(Interlayer)

| increase production time and material costs | ggsss LINE T=1/96
Joo

- \ Y =
Development ! ' 100R e
Fe-Ni alloy , L1t

Resistance Spot 5
Mg alloy I L
Welding (RSW) Electrode schematic
Fig.1 Experiment setup for resistance spot welding Fig.2 Electrode shape and dimensions
Top view
Loop cycle 60 N p30 | 60 |
'E 10KA
g Welded zone
5 O -
Time Mg alloy Alloy 42
I Fontew
Schematic of loop cycle setting I
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 H8Fe-4Ni E£ET TR LAIB DEIMAR Y FAERERE

Table 1 1%, EHLA R v MEFESRMFHBRA OW@ERFRINENL ST 6 7 — AR LT, 53R Y AWEERIZ X
LHERE DAL & R, Fig5 13, B CH O N E —ZO# 2 <3, BERFRH 2 FP & @ Case 3 Tk, 5l
RO EAMTEREN R bE, RRKEMLREWER LD, 6 57— 2AOF TRl 2R ERMTH 5, KR
F I ERER OB — A TITIRE DI T L7ZHRRN R 605,

Table 1 Resistance spot welding conditions for strength 3500 —Case 1 —Case 2
Case Welding Loop Cycle Total welding Maximum 3000 || —Case3 —Case4
. . Case5 —Case6
time (s.) (s.) time (s.) Load (N.) 2500
1 0.5 1 0.5 1218.853
—. 2000
Sinl 2 1 1 2093.466 Z
ingle o 1500
cycle 3 2 1 2 2979.46 g
4 3 1 3 2686.416 L 1000
Multi 5 2 5 10 1711.98 500
cycles | 6 2 10 20 2221.163 0
n - 0 0.5 1
Parameters Squeeze time Hold time Electrode force Frequency Displacement [mm.]
(ms.) (ms) () (Hz) Fig.5 Force-stroke curves measured
Value 50 0.17 3920 60 g

in strength tests
2. 3EMAR Y MBEERTO SEM BRHER

SlEEYD & AW e b @OV (Case 3) OEEER HIZ SEM TEIZE L7534 Fig.6 IO~ d, #EER
1T D Fe, Ni, Mg BL WAl DR ofiltt, BUCEL L TW5, KV FEMZROH THEA A 1 =X LDfE
AR ETH D,

SEM

Fig.6 Chemical compositions analyzed based on SEM observation
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o BREE - VX —B R B

RAEEE - BERINIC K S ERIHEM M EM ES RITHEL L
BRI EFERE S AT LM ORI

REIRRAEASFAIERT O AL BRI
FALRZ @ BRI ZEAT 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. BAREHN

WKMRFEEL AT DDO—DTHIEMAFREL AT LAOEHOEZDICIE, BT RLF—BE TICBNT
MEFERZENEE BT 5, SHEHE 7 = 7 4 MR U0 D57 & OIRBEHEAMELOBRZ & & b iz,
FePED B 70 2 ES R B & O B VEEE - BEE BN O N MEARFI R TH D |, BIfE, 77 A TREHDED
LN TV AHEEAAERRF ITER Tk, FiEFERO—>L LT, Ao x X —0mWMVH L & U F 7 LHEE
HHT7 Ty FOREREY 2 —/L TBM (Test Blanket Module) 2R E SLHFHETH Y . HADBIR TE
@ TBM I, S 7 = 7 4 Ml F82H # &k kL & T2 KmEA 77 7> hTHDH 2, D=, F&2H &
TBM ~DHHEHKEEM B CH DA —ZTFA PR AT LA (SUS316L) & ORI HANT OMEST S M3
ARARTHY, ZNFETT 7 A 3— « L—P—% HAW T IERRESEORENTIZ T CTHFE 2 D T & 72 13,
AFRE T, RS IECRIE & 72 IR O~ VT YA MEEMfT 5 2 & & BWIC, FERaEEA T
T D EERPEEA TS (FSW : Friction Stir Welding) @i FIREME A B3R T 5, MNX T, KnHA~O AT
T T, BAMEFEOKBREREOFM G ED S,

2. HRKE

2. 1 BHEBHFHTMEARER

T 7 A "=« L—W—Z% /= F82H & SUS3I6L & OIRBEES Tk, WEED~ T A Mz <
% FE LT, Ni &G540 Inconel 625 Z g & LTHAL S 2 C, L—HF—ORRKLE % SUS316L {fliZ
BETHZENATHLZENHLENE o7z, £2C, £X 100 mm, #1550 mm, X 4mm O F§2H &
SUS316L & OZEAHHEIZ, JEE 0.1 mm @ Inconel 625 Z (X & A&, 1 4kW, ARy ME02mm D7 7 A /N
— e LY —Z AW TEERREEITo 12, B L — —RENLE O SUS316L Hl~DOBEN&(X, 0,0.1,0.2 mm
OEfEFEICE s E, b= —BEh#EEL 3 m/min & L7z, fERL7ZEMHETENSE S 40 mm., 18 10 mm.
JEX 2.0 mm OFREF AU L, Fig. 1 lIRIREOFRILIZT T 774 by — L & HITHEA, Fig 2 1IR
TH—F 7 L—7PNTERE L, #lkE VT, {85 250 °C. £/ 9 MPa, A7 R 100 ppb. 21EM:R] 500
IREfE] D IRIE S C CBB  (Creviced Bent Beam Stress Corrosion Cracking) s/ + % 52l L 7=, Fig. 3 |Z CBB 5
HBoOWrEA L — Y —BESE CHR LR A2 R, 7 PR Omm ORBRE LTy 7 FE0.1,02 mm D
HETFIT SUS316L & F82H & DEHDEEN KXW DD, W ORER b G IIFRO b5 BRE D

Wat
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Fig. 1 Schematic illustration of fixture = [ Pume] DO : Dissolved Oxygen Meter
for CBB test. CON. : Electrical Conductivity Meter

Fig. 2 Schematic illustration of corrosion facility.
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200 um

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

joints after CBB test.

SUS316

(a) 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).

D7 Ty 7 ERITBE SNRD o T, HBA Rt K E % (BED ¥ X OEDS THtr Lok R % Fig. 4
T, b— W — S EE8I£2 Tl SUS316L & F82H O FL a1 XBAME T o 5 23, SO 718 CTld i /> SUS316L
% &2 500 pm FLE DN T SUS3I6L & 2> b7 A MR BRRDHBIEFER L/ o7-, EDS THMr+5&. 20
FEIRIE NI A EDAKE < HRE TH D Inconel 625 NIERL L T S NSRS TH DL LB 2D,

2. 2 EMESHRER

WEAESE, SIN 2 —/LZ W T ESW (2L ¥ F82H & SUS316L & ORI 2B T A /ER U2, #46
KDY — VAL, Y — VBB Y — LESHE A . 4L, 1.5 ton, 150 mm/min, 350 rppm & LT
BEARBREIT, BMBEASMTE2ERT 5 2 LTl Ly, BAK TR Y — Vo 7 v —7 8 B8 L
TLEIREooTe, V— VR ERET L HH I, AN EDIT Lo > T, HEEMKIRMOREN EH L,
V=N DBENFIEL T LESTeleO L EZBND, £ 2T HEGHR EORE EAZ —EIRHOFIEL LT,
ZHNETOMBERIEN G, Y — /L O LIABZRE S HIEIC X 2k FER 41T 572, F82H & SUS316L DELE .,
ROEWCY — LB AMIBEIZTZNETERUE L, Y= U UIABRIES . Y — UV BENEE, Y — L [alfisd E
Z. ZNZI, 1.5 mm, 150 mm/min, 400 rpm & U CEEGRBREIT o 7GR, ABVEITIHI S iz, BE
BROBEN BN A3 > T LEIRR E o7, FEIEL, HUIAHRRSHIENICIHB W TERE LIRS
DEDNTDIenolzfed B2 BND, WEE, REZ2MUARES ZEE L, #EREO ABEMEAZT
BJ—72 5, Y — AR L RWES HIEA 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. AREM

A U= EBREH)L FCC #IED A — AT F A NEMN OO S TH D, T DHRKOFFBIIIITIE
FRENA— AT F A FHRAT VL AD 1/10~1/100 TH Y | KIEIESCIENEICEN S R THDH, LrL, &
BEBRENBAECLT VI LD, TOMARRERPHITIR SN T\ e, ITETIEZOBREERE2SET LT
o —F RIS, INGEERCICHEMATESL L)1k oT, H eSO EBITIIT T, A v 13—4
&0 XD REERER M OTBEIL S LI RT L PREIND, A U N—(E8E SHITEAL TN 72D
[ZIX, Flx DA U N—B BT DI O L EFEORRZITMZ T, BAMORMEL 45 DL EIc &Rl S
B OLEFRBEREOERANRLETCHD L EZLND,

R R P% & (Friction stir welding: FSW)IZ, BEERIZ X 25 A L 48R L 2 BMEFRENC X » CTH B [EFRIRE
TEAETHEMTH D, HEATICIEA SN HMABARIL. BIRFERE SIS L0 FEE IS 22 5 SR B AR |
ENT-HERAEE 2 JE BT 5, FSW 24 U =8I L, BRI 2 A+ 28 15 b nn
X, FSW 134 o 3—5a 00 H rTREHIFE OIE RXCMEREIC b E T2 & TSNS, L, 4 o3 —54
X2 FSW T EBINIEF 1T 72 < | A OGO AR E OFEMIZI A TH 5,

AWFIETIE, A o NN—FE&DO—FTh D A —/3—A L /N—54(Fe-32Ni-5Co (in mass%))iZxf L T FSW %17
VN, BEA TSI AL S VT UL 2 TR TR 7 HEGEL T PT (Electron backscattered diffraction: EBSD)VAIZ &L 0 5
T 5 EE BT, OO ETEZEE) & s REZ 5
RAR T Z 0L EIRBRICE VAT 5252 H
e Lz,

2. BARMRE

2. 1 FSWHIZOWBAEBOEL

Fig. 1 |2 EBSD {£ X 0 157 R 36 L OV FSW M O it 7 ir
~ v 7Y, FSW MIEER & U ClEEREE 300 rpm, | U I b e
et 400 mm/min C FSW L 7230BHEL T, FSW300-400)  Fig. 1 EBSD inverse pole figure maps of (a)
MNEEFERTH S, FHETEITOY—7 7 a7 7 A VIR base metal and (b) stir zone of FSW300-400.
Wros DR B LY FSW Midniub A —27 )4 HHMH

T oic, B OFEIFERIARIT 17.1 pm F2E T b - 72 (Fig. 1a), 0.0020 ‘ ;
600 rpm-150 mm/min D Z&fF T & 7= fk FHEHHEH(FSW600-150) FSW300-400

B L O 300 rpm-150 mm/min D 55 {4 T B AU 72 Mk T 18 #2 5 00015 T £aw300-150 / 3
(FSW300-150)D F-HJfE R RIFRIZZ N ZEH 17.4 um & 6.8 um T .
577, FSW300-400 X5 SRR IT 2.3 um Tdb V) i b AL L e
TV = (Fig. 1b), R TIXZEO MR R 57228, FSW 4 Tl

EE AL RZT BRI -1, Fig 2 (TR & FSW MICT 5 - L \ FSWE00-150
FHEFEHTOE—2 T u T 7 A VTP OBG LI 7 e O " \Bmmm

I NEVE D H 22 & 72 2 KRB O REE Y » T (=843 — L
[EEREECK LT ry b LSRR ERT, 23, R IEEERE 0000t o 5 ol
vFEEr b LTRYHoT, FHEE » FITREWIE ERAER Rotational pitch (mmv/r)
FMFTFSW L2 L2 BERLTWD, 7 v OIS Fig. 2 The microstrains of base metal
D OFPEOTHIGICRRT 2 2R L, BAEEICHE SN 5fE  and FSWed specimens plotted against
ThbH, FSW BAMTHAHM LY b I 7 204 k&2 L rotational pitch.
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D, FSW 2 TR £ 0 bERALE 2 < | IRARV e R MHE & 700 T w3000
ZORIIZNERBISNTZ, ZO KD I AR OB A 600 ‘
FrEic RE e RET & rllah s,

2. 2 BEfRMG5IEREYE

Fig. 3 [ZAMIG )] — A OT At 2773, FHF1E 400 MPa 2
FEDOBIRIRE & 40% 282 52O %A L Tz, FSW600-150
IR & RRREE OB BRI 2 7Rk L7z2d, 2 ONTRM L 0 IR F
L7z, FSW300-150 (ZFfRIs L OWIRIREEIZRA L 0 R L T
V72, FSW300-400 (3RS0 oD FSW B & bhiis L T LW BRI R e —
FE & BIRTREE DR A~ L, BIRIREL L 600 MPa R 47~ L7, Nominal strain (-)

IERAB RSN CIE BB E 2 L, B ESENE LT, Fig. 3 Nominal stress—strai.n curves of
Fig. 4 (25135 1 O FSW A OB RIE 71(0.2%ii 1) % 4 D S base metal and FSWed specimens.

Nominal stress (MPa)
=

100

FEMRIRIZRI L CF Y b U712/ F 7 (Hall-Petch 7' 2 v b)& 75 550

T TRy MIEBUERT S 2 LA TE, R L RIBEOMIC Fswsoo-ioo "

FHBIA S U | FEARI OB LAY FSW B RS O HRHE 1Y KI5 E

THELDERNTH D LRSI, AT, Fig.2 KV FSWH 3 450

DI L0 BBIERBRATO I 7 a OFTHRRRKE N LE2b, gmo

FSW # OEERIE T ORI IIBAME 7T T < VERALE OB g L

bELG LR Engd, ‘§ 350 " FSW300-150
5 300 :'w

2. 3 BIEEEHDTOBEPEFER ™. Base metal

Fig. 5IZRH 3 X OSFSWH D hkliE d it O k%1 O 2 2 EINE 250
L <Tray LY T 7 &R T, M (Fig. 5a) Tid, Bk
$CCIXEIINIG 77 DRIV BRI L T ds, B 7R
MRS O B AR S (af80) L 0 HAKVVE T T20023 % DO EFRD &
THENDEELY bREIERL TV, ZHITER 2 EMEZE
ﬁ%ﬁ%muJmﬁﬂﬁ%%bka:&%ﬁ%?éoEﬁ%ﬁﬂT%W®%#%?i FALZ & & T EARA

(R ONT AT R LT 7z, FSWAS(Fig. 5bE K OFig. 5e)l2 B\ T R & R IZ o™ L 0 IRV ST
200D VBT DO BRME N HER SN, BRI OBIRAT Tlid. 22013 ftho AL & belk U CHINIG A1
KT DT OT HOERDB /NS, TAUTEHEZETE OB AGITAE 5 I DRI E R 3 5 &R S, FSW300-
400D S5 RFSW600-1505 0 & ZDFREN KX W& PRI NS, BEEEHICHEE XA RE L TV DH55,
F—HmTHH111E222, & L<IE200E£ 40012 BVWTHRFOTHROAT Y v MRAELDZ ENANA T b

a2 E—4 éﬁkfﬁiéﬂfwélLﬁ%“ﬁﬁﬁfﬁ%®iiﬁfoyFﬁ%%éﬂﬁ#ok:kﬂg\

0.2 0.3 0.4 0.5 0.6 0.7
1/\[5 (nm??2)

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

= -~ -
PEETER OB RMEDORFETIZIEAE L TV RNEEZ BNLD,
(a) 0008 (b) 0008 (c) 0008
elll o311 Base Metal e 11l ¢ 311 FSW600-150 e 11l ¢311 FSW300-400
A 200 X 222 4200 X222 A 200 X 222 macro
220 4400 | op'sc™ W 220 4400 | gmacro 220 % 400 Go.2
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O O O
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Fig. 5 Changes in the lattice strains of (a) base metal, (b) FSW600-150, and (¢) FSW300-400 plotted against
applied true stress.

(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
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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
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Figure 1 XRD patterns of the polyol- and hydrothermal-

derived MgAlFeZn hydroxides and MgAIl hydroxides.

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 18.1£0.6 at%, and Zn
27.9+0.6 at%. However, three kinds of
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 1001 ee—r . o q o
considered as Fe and Zn co-doped § i /D/
magnesium aluminate spinel oxides. The > 90 - | /D
specific surface area of the MgAlFeZn-Polyol ‘,:’ ¢ a
and MgAIFeZn-HT is 352.4 and 167.7 m>g", 3 0] | / —=— MgAIFeZn-HT 0.1 mM CR
respectively. = 704 —e— MgAlIFeZn-Polyol 0.1 mM CR

The surface of the polyol- and 2 ﬂ / —0O—MgAIFeZn-HT 0.2 mM CR
hydrothermal-derived MgAIFeZn hydroxides is % 60 - Iqj —O—MgAlIFeZn-Polyol 0.2 mM CR
positively charged. The zeta potential value is = f
11.1 and 15.6 mV for MgAlFeZn-Polyol and g *1 2
MgAIFeZn-HT in neutral agueous suspension, 40 . . . . . . .
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
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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 = AKEEE GHEET) - T )) O ERE L TRIBEEIEH LB IERANT o 2AOF%E
EMBERAR T D, I, KIFEEOMIMBREEDOE ELBEHERIICE T X —T 27 /ny—D—>2L L
T R X —U7 (BB AT DMTEEBNEE > TW5D, T T4 OZEEBRPEI S STV 528,
TARMEEENZFE O A R L7 4 B2 (LA EL (Phase Change Material, PCM) [ XA R -SCBAZAZ BbF D /K0
oy ) — b L TSR TORBEK 1/3~1/30 IR TE . a2 37 R oGl 2 Eia I 3 i RE
ThdI END, &8 PCM & HW-EB S 27 ADORFE, #HEFEICKRERMFHENFELNL TS, &R
PCM & LT AISi R A ERMFT SN TN DN, 7T > b E#RT 8B ICIXER Al-Si 5412t L
TENTMEENRRD BN D,

Fox IXATARZEIC CTT VI XA A FEEED T Y b F v v o=~ GHIC T, AR ALK T 2 & @A
DINEHEICOWTIFEZ /T > TE 722, 3], Z DGR, EEREEMAME S L CATRBEFSFICHER I T2
Co—29Cr—6Mo (mass%) &4 D FR M I M L ALERIC X 0 CrOs R ZTERK T % & & T, il ALVAS IS L CE
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 &EZIUCKRIET ALES TR ~O St IO 2N E B L ClA L72[4],

2. BARARE
2. 1 EBAE

FATIFE A &£ 2. VAR ALICKET DitatEmn I Ro & 5 Si 2 MBI (ASTMF1537) 128175
EIRE (1 mass%) % 2 CTHRINL 72 Co—28Cr—6Mo—1.5Si (mass%) A4 & ikt L. 8 s S iRtk 2 v C
30 kg BEBR AR U7, YR LBV, WiE IR BB K Z 50 x 50 mm? & 725 K 9 ICHIEVEE %2 1230 °C
& U CEMHISR S « BAREAE 21T o 7o, 153 S AU BARIIN TAF 2% LT 1150 °C 12T 30 min D 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 EE#ER

Co—Cr-Mo &1 Al E UG L, EEMNEIT L7z, 700 °C 12T 10 h f&Ff L7k i OB 2~ 53K
DR BT AL ADCI2 RSB LTEREN 129+ 19 um B L U251 £ 16 um TH Y . ADCI2 &5 DI
DEWEBMEZA LTS Z ERHLMNT R 572, Si BN L 0 RFEFREE MR T4 5728, 700 °C {REFIC
B 2BEEEXIEL L2 L2RIB I LT,

Fig. 11T, #f Al 3 XUV ADC12 %5512 10 h $/FF L 725808 Wi 1236 1F 2 FE-EPMA 70t SR 2 =37, {Kf%
RTOBERTIL, AW TEM L RERRICE WD TR OXNRIZEE TIERWnWZ LV R E Nz, WTh
DEFEITBNT S ALES T Co-Cr-Mo A& itk & EH:E L Tl 0 | FERDOHEROTHE T 5 Co. Cr. Mo IF
WS ALEGTICEE Lic, 2 b D@ RITEROBLN D 5 ik 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

—

MHEMEOUEDOFHTH D Z ENTFHEINTN, ALO: DIAITIRER T, Ffk & DR HEIIZEE Al DNFEE
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, SRS LD RIOEE I L O B DAL IR OWE; I 31T D 2 EMED
HETODLZ ENbhrolz,

AR ORR O —ER1L, ESLAFFEBRIE AR = XL — - EEEHITRE MM (NEDO) O FKitH¥

(JPNP16002 : [J1—R U A 7 )b« IWHARK TS BBEEHAITBAFE U AR K ) 3 EE A BT B % Rk )
DAFTEB ISEAERSE ARSI E Y AT AOERMEN BN ) I TE LT,

3. ZEXM

(1) [UAKRIRES, WATZE, sk, KRS, W45, KEH ., HAERET L —RROENRES)
VOV 2 RS AT b, ZZEE LEGHR, 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 DR - REMFAE (Cu-Ni-Al EE D)

HALRFRBIEIIRS  OT2 B
(* BL - BHOCEERPRET F L —22)
KIRFBEOREOIRRT  GHifof

Jr.

B - TR AR

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

1. IREM

Aw— T L7 E/NE AR TIEIAROERLOZERICFG LT, MlEsaEo bRk bh
5. BlziE, A~— b7 CHBAAENDIRITNRLY — R 7 L—Alg EOEEM T3/ LT HmE
PREEZFRETED L) REIREREM B LE L 05, BURCILEREHEE L L TRME(A Cu-Be G4X°
Cu-Ti BENNH SN, L TIEI S LV & EHRE TH 5 R LA Cu-Ni-Al G&RNER ST 5.
il 21X, Cu-20 at.% Ni-6.7 at.% Al &4 TIXIEERIL%IZ 600 °CHIiTTR DRI K > THRARFIC L1, #1E (fee @
FARE) 2D v’ -NizAl 28 10~30 nm OV A A THHEIZESITHT 2. ZAICK DV Ee0E vy I — Al S
13300 Hv 2489 2. 2, REE TIERIM 2 mm M EET 5 Lk (Bl DInLikik)) 4L 600,
S R E A2 (S ARIE RE 2D & 9~ & A S A% 100 Hy BA B S BRI 2815 (Freg MKERE L)) BAROHD Y.
& o T, BB BEEARIER O TE T 1t A & b4 huE, 53R S 1% 1400 MPa % #8 . 2 A5 R i
DOWERM 2 ERTX 5. ZOREREIEAFGEOF THLREL LV THS.

Cu-Ni-Al &I TR @mMmE{LE BIET & &, REESICBT 2 MLkl X OMKIRFFZhEL D A =X
LERTHZ EIFEETH D, LA DIE, MTEE, BREEIZL > T Cu BFEF O v -Ni;ALKL 1238 A
W CTHAENME T LAEZ SICERT 2SR THD EMEL WD, 72, KIERZCIE, WEEEREC
BASNTEMITIFEALREE L2 OO v-NizAl OFHRANESE Z 5 2 & BMEIERE Lo — K72 L&
BZLTWD Y, RIFETIE, W — T —REROER TRIZE $ 729 Cu-Ni-Al A OREL(L7Z T
T <, FPETFEIT 2 AW TS RRATIC L » TR FE0 y -Nis Al O H A B 2 & ERICFEi+ 5 Z &2 kb,
INTHEAL R L OMKIRR (LA O Bl 2 TR 5 Z L2 B & LT,

2. ARAR L
2. 1 ERFEEIBTORENEL

Fig. 1 |Z Cu-20 Ni-6.7 Al &4 DEIRLH, ©— 27 I
WA, WRIEEA, (SRR Oy b — 2l S %
R MM OB XX 116 Hv TH Y, 580°C TD
E— 7 BT LV 300 Hy (IS8 L7z, @RI+ 5%

300 [ 4

Vickers hardness, Hy
5
S
1

: k a:J: V)ﬁﬁéciﬁc\‘:tgﬂﬂb’ E‘FK 48%‘/60i 362 0 . 0 10 20 30 40 50 60 70 80 20
HV CC é L/ f: . L 75 A L 5 % hu B& 0) E@ ‘/G\ 6i'?% e Kﬁjii Silll:"-““e“[m“ [l“'cak-aging) Reduction of cold-rolling (%) - aging

SMETFL, EFZHE8% TIL325Hv &7eo>7-. JEF  Fig. 1 Vickers hardness for Cu-20Ni-6.7Al alloys after
3 88% DM % 475 °C, 1 min OIEIRIFZN T 5 solid-'solution treatment, peak—aging, cold-rolling from 12 to
LRI 426 Hy (B SH84y - 101 Hy) & 7o 88% in reduction rate, and aging at low-temperature.

Fig. 2 12 Cu-20 Ni-6.7 Al 54D &' — 7 KEZhts, ¢
RIFEAERS, EIRBEAIR DI F1-0 2 i 77 L e T
E— 7 R AR EIET 2 &, T 48% % Tl :
BetRIS 136 L OBIRIG TN U722y, o ELE
BRI TIIIRA LT L, FE TR 88% TIL5IIRIMEE
IZ 1180 MPa & 72 57z, & D% OIKIRRZN TIELIE
PREEIIFFOMEINL, 1420MPalZiE L7z, 2D XD
(Z, Cu-20 Ni-6.7 Al B REH 13 ] EREHTI C D Nominal strain (%)

TRk, #ECldn Lk Zz R~ L, Z D% DMK Fig. 2 Nominal strass-strain curves for Cu-20Ni-6.7 Al alloys

IR X v BEE 2 A R after peak-aging, cold-rolling from 12 to 88% in reduction rate,
) and aging at low-temperature.

AN r———— —————————————————————

1000 |-

Peak-aging

500

Nominal stress, MPa

()
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2. 2 BREHRIBTOMEBENEIL

Fig. 3 (0 E— 2 5%, ARIELENH (£ F .

% 12%) ’ @Fﬁﬁ}fi@ﬁé,ﬂ}q (88%) ’ 'f&(ﬂ%‘]_ﬁ#’;(‘jj*j a 'c; -aging . (b) Cold-rolling t0 12% ()(‘nld-mnig (0 88%
® TEM K #8143 X OVE -+ [0 47 X TB : £
(Selected Area Electron Diffraction : SAED)
gL 7. ©— 27Kkt (Fig. 3(a)) Tl
SAED [XJEH> 5 fee-Cu REFHIZINZ T, L1
Ea H Oy -NizALD S OEPTBE SN BTz,
Y’ -NizAl 7> & OB [T THEG S L7z i
FRIFS Ty’ -NizAL 2% 10~20 nm OGN 72 ER
REZLTVWDZERREND. 12%EHIE
SE#F (Fig. 3(b)) T, MFELEIZ LY y’-NizAl
B3 {111} iE ECHEAM I TW=. Zh CRE i [ '
%, B — 7 KM SR AWrERE Cif{ & Fig. 3 Selected area electron diffraction and dark field (DF)-TEM images

NTND LD e L A7 2 889% 14K for Cu-20Ni-6.7Al alloys after peak-aging (a), cold-rolling to 12% (b) and
. SN Y 88% (c), and aging at low-temperature (d). The DF images were taken
JESEM (Fig. 3(c)) @ SAED KIJETIE, y-NBAL  from super-lattice diffraction spot from y’-Ni3Al, as marked by circle.

7> 5 O FL RIS - [B] T BE AT 00 MR B 13 IR 12 55

F DO G TONEDOBENEHE L 2D, UL, 88%AMIEMEIZ L - T y-NisAl R 231 AW &
WCTHRAIE MR T L 2 & 2R3 5. (RIRFFZIFS (Fig. 3(d)) TIE, v’-NizAl 7> & O BRI - [ B A OB
FEIZHORE D, BREFG TIT p-NBAL R F23BABRICEZEIND L) 2oz, i, RIRRZNC XY
v’-Ni:Al OBRIERE K 22 o 7272072 LB TE 5.y’ -Nis AR+ DIRFES RITEFRIHT 2 12% 5 M EIER & K
XL BB,

HE - RIHTIC K D AR EREAT T, I TIZ A Cu BHRIC & 2 FAE BT O AlitE 23 8 K35 2 & R
Shtc. E£7o, BEMLT51ZE y-NALIC X DA TR ORENMET L7c. Zh bk, miinLic
PEWVERNLEE ST 5 2 &, BEO, WREEICHE v -NiAl OBRIENME N5 2 & 2R
U bofER XY, HEEEY CIXESEMEE ORI X2 M TEENRZ 5wt b, —FFT, WEEEN
T O Ty -Niz ALK A DA AN HET T 5 .y -Niz ALK A TR RIE MR T E i R gL ¥ —
PINEL DT DENMET T2 9. 207D vy -NizAl B+ R BRANE SIS b EEIE T4 2. Wi
JESERTEACIE, MBI LRI T L 0 b EEATE RN X 2N A LH 8 K& W= I TRb S = 5. L
L, WHERER I 72 D L HRAr % BRI X 200 TR LSy K 0 ATHELEEIK T OB KREL D729,
ITHAE A U 5. ARIRIFETIE, FfbamIEE L0 SRR E CERRFFR OBULEE T H 5 7o OERAH L IXIT &
A EWD L, L, JR-OBEBEEEEIIE Z 2729 y-NBAL RO B A B L, Arsibaessal
w5, oF0, WMEMELICXDITAEE v-NiAL (2 X D8RO [EE 2 EE T 2 72 DIKIE R L
MDD LR TED.

3.FEH

IRE AT HH A Cu-20 Ni-6.7Al &4 D R IEARIRIRF N IZ 3517 2 T EE 35 L ONKELR - i & D 28k & BRI
AL, IR b X OMKIRR I L OFHE 2 Fit L7=. Cu-20 Ni-6.7A1 B4 F0h T, Cu RHAHFIC
Y -NisAl R AICEAT T 5. ZHAGRELET 5 & E FRISHEWVERALE BT L, FFREC
Y’ -NisAl B 138 AW S CTREFICHRIEME 5. GBS TEE3 R Z 5 0, =S
FERAINC X A N LA b2y X 0 ST LEEIR TO TN KREL L0 Th 5. £7-, MSHIELEZIC
IERFZh 32 & y-NGALKR F-OFHANET 5. 22 XY y-NiALRL - OFREE 8 [ L, Hrisfbaes
1153 2 7= OARIR RN LB R = 5.

4. BEXH

1) EARRESR, Ba%E, REERE, AHEC 8L #GE, 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) ERERL, SN, RERZ, MEINZIR, BAZAN, ERE, TRER: ETY &, 60(2021),119-121.

4) ERJEE, R, SRS, MENZR, BRECZE N, TRER, EAGES: 8L 854, 61 (2022) 34-39.

5) D.J. Crudden, A. Mottura, N. Warnken, B. Racisina, R.C. Reed: Acta Materialia, 75 (2014), 356-370.
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ET704 0T #RALFe-NgFDREICRES Fen-NiXHRBRES B LU NIREXDEE

FALRZFTAZER ORMREEX
FALKR e EmA I FE AT FHE, NS 52

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

1. HEBE™

WA SRR X R 2B R L, BESOABEZRET 52 ENROLNTEY, ZThETHEDAT
TS Et D — A L VRO B CEE ML DVERND D, ERHESEOR TRIEEOFE IRE 2o~
TR AEEFSMOMRBMELE LTI/ END — T, 848D EMIILHETH D Mg & Fe ITHFIfEN
B, Bt Lanied, itk & EEES 2R A THOARESICHBEL TLE 5 U, AHFZETIX, &b b 72
W Fe-Mg D= 05 RBEE LC 57 vA v 7 \ZHEH LT, BATHIZEIZEB VT, Fe-Ni 54/Mg 8551
TTFT7uaA Y INRED L, BELEBEOREIZE T Fe-Mg 7/ BAMBNERT 2 LG SnzR, X
T FeiooxNiy FEEZFIH L. Fe-Mg #2A8RMHICHB VT Fe & Mg )/ A7 — )L CHEBBIIC Kk L7186
AR ST 2 Z LIk . AL G 2V IR[E 72 Fe-Mg #26 DM A BHE3, A5t Tl iEIC
B END Ni AL x 23 Fe-Mg Mk FIRE I RITTHEIZ OV THREKT 5,

2. BBAE |
D 15X15 mm Offi Mg =2 v R LUl Fe = >~ R 1st 79T 2nd 25797 Fe-MgiE&%T

2P 1S mm, EX 25 mm BLON0.1 mm D Fejg.
«Niy (x=20-70 at. % Ni)F [ J& & £ A C Fe/Mg #5217
577, Fig.1 IZHE 7 0t 2 ORNEK % 79, Fe,Ni O
A PEROC M B2 IEE & Mg Y Ni OJERC LB 7R
FEDENRENTZD, 2 B TS %772, Fe 1 v
R e FerooxNix 18 & miE T ERFE TP O Ltk
PO L2, Mg B L FepoNiy AT 2 225H T,

773 K, 30 47,25 MPa DA T TAHR Y M7 L AEITW,
Mg-FeiooxNix G R EIZIB W TT 7T a A T E2E L

fio %ﬁ@%%ﬂﬁﬁfﬁil & 5%{5\%@@ 27 D;fﬂ%z%ﬁ Fig.l Fe100.Ni EFIFEEE Z w72
él:\‘i k 9[ %%ﬁ%ﬁ&: J: 6%%%‘%@&@@”%%@ LT\ FGIOO— 2 E/%K% Fe—Mg %67"[1 + = @*E%H]%

Niy F1 8 DJE & 3 L OV Ni AL x 2% Fe-Mg kT3 i
W25 2 D3 B DWW Tl LT,

3. IR M e mmzsmm Mo
3. 1 BIERRIC & ZMFREDTE ) TR +
Fig. 2 |Z Fei00.«Nix H [ JE D Ni #Lk x 3 & OV Fe-Mg # £ . ? o
FREOEEEZTT, ES 25mm OFREBEEAVCES & o f p—
&, x=30-50 at. % Ni O, Mg A CELMICTHET & T o 20l
BEE D LD REREFENFONIZOICK L, x=20, " } m
60,70 at. % Ni “CIIAK5E L C Rl 23 % 7=, — 7 C, e e w w n w
JEE 0.1 mm OPEJEZ W56, x=T70at. % Ni (23 Fe,0.<Ni, FRIE 12 & % 1B NiflRk x / at. % Ni

WORRFREIEGRL, Mg RMPCIIRANES T gy ipigo Ni SR v & Fe-Mg A 3% 0 B3R
3. 2 EAREIVOABOITER

Fig.3a |2 FeooxNix FHE(E X 2.5 B3 L0 0.1 mm)-Mg #5 R mIZIERL L72 R8O SEM B4 7R~7, x=40,
70 at. % Ni OFE, 824 FENIISONE DR L T =Dk L, x=20 at. % Ni OFFIIGE BN E S 2o
77o E72x=70 at. % Ni ([ZBW T, TRBEE S A 2.5 mm OFIE Fe I R FesoNiz 23 E(E L Tz A3,
FﬁﬁEE é i)“‘ 0.1 mm T&i\ Fe30Ni70 73)§ Mg k ﬁ—’\fﬁrﬂ; Lf:fl bf)%ﬁﬂ?@liﬁ%ﬁ Ltﬁb)’) f:o

P-15



Research result

Fig.3b (G JE FeoxNix (77 B A 771 MICEIT 5 EMEFE SEM B4 ~7, HHBEE S 2.5 mm
DEGE x=40 at. % Ni OFFIT 7 A 77 u > M- THEFIIZ Fe & Mg DS EHAA - T-iEE RS L
TWZDIZxF L, x=70 at. % Ni OFRFE Ni OILEENZ W 2D, fF L7 Fe AN L EAG O T ENTE
FTROGEH TINL L T e, S HICHIRMEBRZIT O RN D 63, x=70 at. % Ni V> 7NV ORISEIZIZ Y
Ty BRI, e RETHD Z LRI INT, — T, FRBOEZN 0.1 mm 2785 &, x=70
at. % Ni OFFIZ Fe U H A2 MIINIET, 77 uA 7 7ay MZmn-7T Fe & Mg DL #EHREG->TWH
7eo JEE 2.5 mm @ FeyNin FEEZ AW HE, REISED HHEHERIIZ 70 at. % Ni 25 Mg HNZHEH L7272 9
Fe I3 L7223, FfEZE 0.1 mm FTHS L7ZZ T, 77,77y MIEO Ni &5 Fe fllZm s
T LTWE, Fe & Mg BNAEWZ L #EAB - ARSI Lz,

3. 3 HWHERESHT

Fig.4 (2 Ui ekl x=20 38 L TV 70 at. % Ni OB IZ 351 5 X MREHTHER 2777, x=20 at. % Ni DRf,
Mg Tl Mg B — 2 D Jx, FegoNig IiZ1E FCC @ y-(Fe, Ni)E'™— 2 33 L OV BCC @ a-Fe v'— 27 NI S 7=,
Z il iTT‘j/f N4 75’?&% 7=z &T\ FegoNiao 25 Ni Mg ’\#‘ﬁ& L T o-Fe ’\&FHEI*%Lﬁ)ﬁ'ﬂﬁ L7-Z ¢ %
TR LTS, F72x=70 at. % Ni OIF, Mg {135 X O FesoNiz I O 51230 T a-Fe & MgoNi & — 2 2381
Ehiz, LoT, EAHMEBOEAEGNFIZT TIER, T7aA r 7ORIERY E LT L7
MgoNi & B RUL B DOIFAE b REAEE O FIN & 72> TWD Z LR Sz,

FEEES 2.5 mm

(b)

x =70 (Mg B HF)

Fig.3 (a)2nd A7 v 71T FeiooxNix T HJE-Mg #5612 JERL L 72 S8 O SEM 14
B L)L E FerooxNix I 31T 5 @53 SEM

Mg-FegoNi,, T E Mg-FeoNir, 5K E

E‘ > $ Mg side . MgZNI
n A an® ¢ N " A
& |. [ . A o-Fe
£ LI-" o Mg side Il .
X c
i - ] M
B SaEryy JMHLL B g
FeWlelJ 5|de il FemN'm side O y-(Fe, Ni)
30 40 50 60 70 80 90 30 40 50 60 70 80 90
20 (deg) 20 (deg)
Fig.4 SmmgWrakl x=20, 70 at. % Ni ORI (23315 D X B s 5

3. ZEXM

[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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SV BT - PR
ERBSH R EZICH LI-IERRIMH Ti/# e DRSS

FRAERZFERF B TAIER ORIEFRET. AR
FALKR BRI FET 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 64 L Mg S4&13CEmEM R & L TAREN, EWRO OB ZENRKE < BERR2HD T/HhE 0
oI, MHEOBEENREE 22> T D, FBATHFFETIL, MR & FBIED B A 3 — M, ETRE K
DRI DT EBEGEHEAICHA L TWE R, Mtk BmE A ORE N HEE L 7220, ARHFFETIE,
& BB 15 (Liquid metal dealloying, LMD) & LC, FEEMZ2 Ti & Mg 2 X 7 17 L-UL THEMEITHE
HE DY THERAICES Lz, LMD TiE, MIRED 2 tHHAE 28 BIRGICRET D &, K T-MAAEAEER
DFEMNIFE DV TR R DSBIRICIEH U, W Ek oy & FRAFRC 0y o Sadtfie i il 2 B CARk b3 22, Bipk sy
ERISH LIz Fe &l Mg O B A ITEICHE SN TR VB, #ll Mg TR 2 TR E NS LT
WD ARWFIEITZE OILIENME A2 EES HALE ST IZH 5, LMD Z#A ST 572912, ABFFE TiE TijxCux
(x =33,50,65) 2 c&rPiEE LTl Lz, 3RO EZM T &JREES L, RIS 2 il
Mg & LMD # s LTS Lic, #ll Mg R R 2 flfiE S &3, 2R TG T 570, RIS %
FIUH L CHAE DO A Mg OIS LT TRlE S dhisal)., o d@iglc X - T LMD Kt & #Hit &
W5, MR- B IAE IS (Eutectic melting induced-liquid metal dealloying, EMI-LMD) % 7~ |24
ALT,

2. HAREE
2. 1 HEBRMFE—SEBAGHEIBRR
TisoCuso " [ &l Mg O824 L2
TER S 7= 4% % Fig. lalRd, #86
1L 530 C, #EAREMIX 15 min, #2
AFEOENITS MPa & L7z, EEE R
OYERIIE Fig. 1b ISR T 2B TH 5D,
GRS T AT L D & Mg & Cu
MO S35, Mg-Cu 2 TR AR RE
KzakE x5 &.483 CULETAERT S
Mg-Cu RN EEE L. o-Mg flit & o
-Mg / Mg:Cu DIAbAHAR SR L 72
DEZEZBIND, Tib Ll Mg Ol
(650 C) LLFTMg & Cu DI iR
U ERBRLTWD, RISKREK
TiCu & EEEREAR OB/ ET D 2 @D

SUSBICHH LT, Fig lo RZORK  |of T2V
{2 b EDX MO CTh D, Mg BHERL | ob—p——,

CuREITHAD LTS, SHICZTI VA Lot

7 PP LCOBAT, VB e Ti-Cu R LM OBARE, b SR o B
MR SiVTe = B EARRL TN s s o 1o DK UM, d AERICIA - 7 EDK BT

B. RO Mg SO Lt o 2 T RBP4 ARRRSIR S I EDX
EMRSY T T b o L P IERE 2 MRS 7 & B Ti-Cu Brded Mg (2 & B 2 EEBSCHEFT L
fipisr 7wy MAlD U H A 2 ME TCu BNy ZliZ o -Ti VU T A M &R D Z ENHEITNDH,
ST 42 S U o SRR 5 & . AT b RO AT S ATV 5 & b5, BLEL D |
PO RIEICIEA S U= /AR I Fig. 1d @ EDX O TR B0 L5,
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2. 2 BEEFHEmELL-EHOMBRBES
FERLOMBED 5 B (@FEE T (a) (©)
. (b)TiCu / Mg-Cu fH, [
(c)Mg-Cu EE[E g1, Matk7z 4
BREEWE L ELeied,
kT O FEME W T R A KT &
9%, &I THHBEREN o
-Ti / Mg-Cu fB DA & 72
5 FE CHLRK sy A2 AT L
Mg-Cu %E[E & 1 XRliE T 5 5
RHICEL, #6868
W3 sz LaRkHl, #EHE
LR, ES. HEE O = | Mg
K YN L, AR | (B |
EfcEl Uz, BASKEEHR | |
fif® EMILLMD 2RI L7 |% = © @ @ w m i

Distance / um
B 5 Sl % Fig. 2a 2”7, Fig. »
b O EDX ARk 5 1o, Ti Fig. 2a ?ﬁ SAFmE L O Ti-Cu EPF'?JE J:f@ Mg Dz S,

BFE Mg BEEOIIE, o-Ti/Mg-Cutip  © APISIBSTIIAT, e By 2 b, d ks> 7

EAR OB AR DO LI LTS, Bisksy 7 v h OB Fig. 2¢ ISR B0 THh 5, TRBITE
fipsy 4, AL TR, F-a-Ti VH AL FE TiRMITER L, 2BHES LTV, B /\/7
DOPELRBIE Fig. 2d 1IR-T LBV TH D, JESHE 20 MPa £ TR 7=Z & T, Mg-Cu EE & D BEE 1 2> B M
WHEH &S, B L TWRWEETF DR TE 5,

—M
1]
—Cu

100

- 90 T (vl 5%
2. 3 MFREOIE % - F3 83 8.8 W’Zﬂﬁ (BBILA)
T 0> Cu 2 % 2k & w0 | ‘
TR O5| 8RB S & Fig. 3 o | ° Pp——

(IR U Te, RAUTES SR 23
b IR B 2R L, x

o - { o SUBELH
=33~ 65 DETOREHTF |
W, 83 ~90 MPa M7 |3ERR

50 HEREE D | N =15
w| BRLIBE @\ —
SR URBRNT L L b 0 18 3 .

(THE R & B 9 5 Al 20
D& LB D T2 O 1T d# 10
TW5, x=40 TIIFEE LT 0 i R — el
Mg-Cu 1555 & 75 il I ifd L2 17 20 30 40 50 60 70 80} %I&E%E’CE&H‘E
TEL. x =50, 65 TR L Composition of interlayer, x /at% ; s —
7= Ti / RSB Hics & i O Wtk AE 73 Fig. 3 HEEO Cu BE A2 Z S E 7RO 5[ iRIR & & BEA ikl
E&»Lﬁﬁ 71—7'—‘ L——Cb\é b\—g‘—n%ﬁﬁ *’{’O)%éﬁ\ %i@ﬁﬁﬁ&[ﬁﬁ L?‘:?iﬁ*J'O)EEi%ﬂﬁ%

fillbr U, A MEMET LTV LHHT

PR TE 2, T BIEMEM SISy 2 il LIEMARICZ b S5 Z &0 KOS K > TRIRIIZ
ARk U 72 Mg-Cu il & #28 Fi 2 S P+ 2 TR FRE Z M LS L T-0ICATH D Z L RS v,

Tensile strength (MPa)

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 o« -titanium dealloyed with
Mg melt, J. Appl. Phys., 114, 113503 (2013).
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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. HEEM

XYZ (X: BREIGUHEA TEOCHE, Z2 Fem - IR, ISR THE) O TR TRINEFA AT —H
BIXFERIE < OME OFIEDRHE S, ZREERMEEZRT I ERMONT NS, X & Y% 3d BB LR
WZIRE L725HA T, BIRFEESGE. MUEREEAS., BNELHME, ~N—T7 XX VB TIREEZAT 5
WalkbiR, CREx 2 A0 & 0nh, EAMEIE LTHLEEESRTWD,

BT T, XX'YZ & 3D 3d,4d, 5d B TTHR L2 ETe 4 TLRBA AT —HBEN, N—T AL NLRLAE Xy
v TV ABIEIREEEZHT 5 LRGN LR ESND R L, BERHMFEORBEN/EI/HIN TS, &
WRASTR T2 Z LITHBIAES ThH D Z b, xR REMBEDETFRA AT —Ee0EREIC
B3 2 BEgmat B R Wk 2 L STV D08, EBICITERARE D OFREECH MBS Z AT 5 LIRS 22
WEELHY, EBRIZEI DT —FNUREINTWD, R, (TR EAERDMELE - 72 0B B S 1
LTI, JRTFEAIOELVAEER I EORREE A S, EAD 2 A IS HIE 3R & D OBLE N B OWF SR
DYEELE D,

XX'YZ(X, X', Y=3d BEILHR)D 4 JLRHFA AT —Gal bled L ZOHANE L XFREHTHIE O A CRIE
THZEIEIBHITROARARETHY , P ZHWZEITERDPLETH D, ZHETICHHFEE L, CoYGa (Y
=Ti, V, Cr, Mn, Fe)7h 1 A 7 —&4 [1]15°, MnyCoGa [2], CoVMnGa [3]4 4 0 1 HI E <05 +-Fil 81| & Hp M- [l 738
ETHRE L TE 72, FFZ, CorYGa OHRIEE & HAI— AR AREIREICB T 2 B FBLR D DB L%
BEEZ B2 LT, KA AT—BLOMEEMEHEE LoD, L0 HAIEOE  ME A2 7= O EHest
ERETDHICESTND,

AWFFETIE, X, X, Y 2T 3d EBBILHE THMK IS, CrFeCoZ (Z = Al, Ga, Si, and Ge)& 42DV TR
REZ sl L, MKFHEDFMZ1T - 72,

2. ERAE e =
CrFeCoZ (Z = Al, Ga, Si, and Ge)& &1kt E725 t#a iy R 1L DTAIZIDIRELA G EORA(K)E

FRRIZ 22D IR, B IR IR 1o Ca ek LTz, zhehn AILEREK)
DOFREHZB W T, R ZEB M1 (Differential Thermal Analysis :

DTANC K DB W EZ AT > TRl S Z il L, & 3UB O BV BIR v RS (K) | BVUERE (K)
JERRE LT, K RBHIB T DRlA B G4 1 ISR T, 1% | CrFeCoAl 1714 1423
bR W T EAME T M S (Scanning Electron | CrFeCoGa 1487 1423
Microscope : SEM) LT 3 /LF — 38 X #5y#E (Energy |  CrFeCoSi 1505 1423
Dispersive X-ray Spectroscopy : EDX) THUFBIZCHM 0T EIT | CrFeCoGe 1373 1323

7, EFIDESI7- CrFeCoAl & CrFeCoGa I oW TIE X A

Fig. 1 #—{bEVLE% OFEOR/HE, (a) CrFeCoAl, (b) CrFeCoGa, (¢) CrFeCoSi, (a) CrFeCoGe
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[ HT(XRD) HI7E TG 2 i~ 7o, SHIC, R EAEE (DSC) MIE T ZEMEZ iR~ BT &T T
(SQUID) R FE-CHREN B /15 (VSM) & W TGS B A5~ T,

% 2. EDX (S TRIE LT A AR O (2 A 0 BEL 7ZRUBHT ST A O B RE90)

ek FHHOKERL (at.%) HrHFHOALRL (at.%)
CrFeCoAl Cr:24.2,Fe:25.8,Co:25.1,Al:249 —
CrFeCoGa Cr:24.4,Fe:252,Co:25.1,Ga:253 —
CrFeCoSi Cr:22.7,Fe:26.1,Co :25.6,Si:25.6 Cr:28.9,Fe:22.0,Co:24.1,S1:25.0
CrFeCoGe Cr:23.9,Fe:24.7,Co:23.9,Ge:27.6 Cr:21.5,Fe:18.6,Co:23.8, Ge: 36.1
3. AR
3.1 #A#

Fig. 1 (28— (LBSLEL DRI LN LN DM SRS L TF

72#ElD SEM 1T L A MBI ORE R AR

T KNI R &N D K D1, CrFeCoAl & CrFeCoGa Tl HUARAAM AN BLA 4172 D%t L, CrFeCoSi & CrFeCoGe
TIE 2 MEATEERRAR. B U IS EE SNz, EDX X MR 21T o ek R A R 2 1oRT, BEREEUE
T, TNEIULFE RIS OREIAE SN2 2 EAVHI L7z, CrFeCoSi TiE Cr 202 < GH T 5
F & DIRNFIIZ0BEL . CrFeCoGe Tlk Ge DA WM L= Z &35,

3.2 MEHEHE

1423 K CEMLEL L 7% 1288 L T 7= CrFeCoAl & CrFeCoGa @ 5 K CHllliE 417 - 7Bl iR (M-H) %

Fig. 2 (27”3, Arott Plot (H/M-H?) X 0 £57- HREBALIZTZ TR
61.6,51.0emu/g TH Y | BERE—A L MRS D L TER T
B, 2.1 we/fu MG BTz, Wi & HIE TR U Th 5D
C. Galanakis 22328 L 7= Slator-Pauling HIJIZ X % L [4], /~—
T AL NG THIVIEHFRF SN DMRE— AV MT 2
w/fuTH V| EFITEVETH - 72, ATFZEIc THE SR
TWAMHEEBIZE—HKL, BEICHONIMWETHD Z LR
2 X4 5[5,6],

Figure 3 |2 5 kOe D CHIE %17 -7, CrFeCoAl &
CrFeCoGa A& DEMEAL IR Z 7R3, EALE VDI EM T I TR
IMEZ RUTEIREAZF 2V —RELERL, KFOOHITRL,
EIXZENFh, 474, 521 K ThoT-, WK E— A MOMEILT R
S TH DM, CrFeCoAl D7 5% =) —iREE 13K 47 K IRV MiE L7225
72 F72. CeFeCoGa A4 CiEF =V —1EE XD E RIS T E R
(LB R | BRiREFE CIX e iz~ L7z, 2, fBSohi
BN 1423 K IV BB LTIZZ EM B PR REC7< |, FHREBFE CTXb
R E OB EHRRIE B TLIZZ 2T BLOEAE K L7=b 0
EEZHND, DED, LOBAIE O ®WEREEZ S I2E, IKRIR )
EBSLBN B CTHHZENRES S, CrFeCoAl B4 [RI IR
BRONDHD, AR ZEE S ORI >T2DIX, Al JTEFED A
Ga JOLIEHGEE B 2O LSS ND, A%, M ICBWTHE
VLR Z L, ReA I E SCHRIEE ORIl B E S D,

3. ZEXM

[1] R.Y. Umetsu, et al., J. Alloys Compds., 499 (2010) 1-6.

[2] R.Y. Umetsu, et al., J. Phys. Condensed Matter, 31 (2019)
065801.

[3] R.Y. Umetsu, et al., J. Alloys Compd., 855 (2021) 157389.

[4] I Galanakis, ef al., Phys. Rev. B 66 (2002) 174429.

[5] L. Bainsla, ef al., Phys. Rev. B 92 (2015) 045201.

[6] S. Tsujikawa et al., IEEE Trans. Mag., 58 (2022) 2600505.
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SY9F  BREE - TR —HE O B
KRN DLICE >TRESN-HRAME LR EET VEZTERK
FRT¥ERFET7a 7 0 TR &

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

1. HARBW

T UE=TIHMEFERI O LTl DN S EEMEEW TH D, SR A 5 N—N— - Ry vk
XD TN T =T 8EEER - BEEZMLELT 508, 207 U E=TYFHEIL 10 MPa (2B W TH 30
~40% B E 72\, — 7, BEABUSTH DT =T AROBEINEIL 200 °CCLLTIZZ2 5 & 1 MPa (28
TH 80%LL L&D, 5T, 200°CLL R CT v E=T 20 TE AMEABRETHZ L Th—_— " Ry
T alEDE LR BN HIFTE B,

ZOXIREET =T ARARBERI R ORBE L LT, ES AR MR I~ DWW A KT L D AEE O
ﬁ?(ﬁ%ﬁﬁ)mﬁi%néoLﬂb\%<@%%&ﬁf I A5 K S DR mo%&fwmfmzﬁf
bHTD B, AT HIREFEK CRKBWHEL IR T 5 Z LIXRECH L, KFETIE, KFEOWET RV
F—OFENHARIE T H KRBT DOFELZ T 720 Fe l %EL\RKﬁﬁT%M$¥¢5 E% H 2 BaO &
BaH, DiRAY (BaO-BaH,) % fHFF L7-filifi: (BaO-BaHy/Fe) % H\\ 7=, KR COT =T A%z B L=

4

o

2. HAREE
2. 1 fhigsRs

BaO-BaH,/Fe (3L FOFIETHEL L 72, Fe(NO3); * cant BaH,
9H,0 % 30 mL OF/KIZIAME LT7-%. 70 °ClZ T 2
Kl—va v LCHIBREZ 72, 6N piks Cahe
300 °CTHERL L T Fe O3 iR 21572, Ba(NO3): & 10
mL DMK U 723K FexO3 iy K Z %, 70 °C
\Z T NN b—13 3 > LC Ba(NOs), #1Ff Fe,O5 % 15
72o ZE—7 Ry 7 AT T Cal, & Ba(NOs), HHHF
Fe,Os % FLEKIC CIRA L CRBATERIK 2 #5972, it sar, || L\ 229
ﬁﬁ%lzﬁg%%tﬁ LfLXT/VX}iFL; B %.Eﬁ(}lbﬁ}i ! ! ! . I |
JERICERE L. KFEFGE FIo8U T 300°CT 2 Wi 2 % 26 (degres) %0
& 7 L T BaOBaHyFe & 37, 3547 Fig.1 BaO-BaHy/Fe 0 XRD /34 — >
BaO-BaHy/Fe |2 & 17 % & J& 8 @ £ /L &
Fe:Ba:Ca=12.5:1:100 & L 7=,

Fig.1 (2779 BaO-BaHy/Fe ® XRD /X4 — > J. V) Fe?
L OV BaHy, BaO ([ZHKT 5 B — 7 DR S L7,
F 72 Fig2 \Z7” 7, TEM ¥ L O TEM-EDX #2345 R
#%2%%nm@ﬁ@@Fmﬂ%L Ba F7 773 —4k

W2 LTS D e S e,

BaH,

x5

]
25 27 28
26 (degree)

CaH, CaH,

Intensity (arb. unit)

Ca0o F CaH,

2. 2 fRi%EM

Fig. 3 (2 0.9 MPa (28T %5 BaO-BaHy/Fe 5 LU,
300 °CIZHRWTHOME SN TV DD THHE
WiEME % 779 Ru % #HFf L 7= BaO-BaH, fifi fit
(Ru/BaO-BaH,) ° & & O - Al DT & =T Gk
{EMEd L O TOF Z7R¥, BaO-BaHo/Fe 3 X T8  Fig2 BaO-BaHy/Fe ® TEM 35 L ON TEM-EDX
Ru/BaO-BaH, LI ORI 200 °CIZEBWTIEMZ /R szt R
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X", Ru/BaO-BaH, % 100 °C CIEiE M2 /s X 7200,

NH; formation rate/mmol g-! h*! TOF/s™
— J7 . BaO-BaHyFe (% 300 °C T O if I I% 0.4 02 0 0.5 1.9
RwBaO-BaH, DIFHEICS 578, 200 CUUFilfE | |100e | |
#C1d Ru/BaO-BaH, X ¥ @\ EMEZ 7R L, 100 °C ’ 150 ' '
T%ﬁﬁ%fbtoit\BwBMH%®ﬂm ) | |
I Ru/BaO-BaHz ® TOF % bIES DML | pupan,pa0 180 | I
LT, 180 |6 10 s
| I
. | |
2. 3 Ba0-Bath/Fe I :arm:k;ﬂ&%m%&% e |0 |
BaO-BaH,/Fe, Ru/BaO BaH, (Z351F DAERED 1O RWMIO. 180 !
EUT, il EHLGRRE T TH Zo = |-Fe/BaH,-BaO e I
L BEETD k Fe & Ru (2B B KFWFE DO
O S DN L > TR TE 5, 200°Cicds  Tig3 FMEICEITS 09 MPa I2B 57 T =
I % BaO-Bal,/Fe. Ru/BaO-Bal, 07 v & =74  CARIEIESR ot U TOF
RIS TE D JE MRAFNER L O OGSk Ek (Fig. 4)
£ V. Ru/BaO-BaH, TIFJE ) EFIZHEVEEME T
95, —J7. BaO-BaHy/Fe TIIE ) EFITEVTEME 08 © 0.2 0.4 0.8 0.8 1.0
N5, £7-. KFEREKIL, BaO-BaHy/Fe 78 1.5 ' ) ' ' '
TH 57, Ru/BaO-BaH, 13-1.6 L ADEE -7, _ BaH,-BaOiFe @
LI EO#EH13200 °CI2 51 T R/BaO-BaH 23k B Ru/BaH,-Ba0
BOWBEE M ZIS, BaO-BaHyFe TlHiZE ALk 5 087 ®
FHHOWEEZI RN LERLTEY, 200 °C —
uT®ﬁm BF % Ru/BaO-BaHy DIEIEMEIT A L g if;‘
T2 KFIT & D RUGBRENFIR TH 5 &%,D\éznéo € oaf »
A% LT, BaO-BaHyFe HMEAMATT 2 L peptpr
100 °CTH T E=T HiEEEZBH L, £72 Ru E Wa M "
BRUBE L D bIEAICH L TOR 2% Lj, 0  5,,| B BaOFe RuBaH,Ba0
BaO-BaHy/Fe DIRIRIZH1T 5 @V fillliagiz, 7€ 2 ‘I; :§ :f
STAﬁ%ﬁ®%ﬁﬁ$%%b< Bl S B kK Y g s
DR BRI S NTNGD = L ISR L, Fe it N
1&@17 VE=TERA~OF AN E B R THEOTH 0 0.2 0.4 0.6 0.8 1.0
5, PressureMPa)

3. EXH
(1) X. Xue et al.,

Fig. 4 BaO-BaHy/Fe I LT

Ru/BaO-BaH; ®

200 °CIZEBIT AT =T AiEMD T K

fEET KO USRI

to cyclohexene with largely enhanced selectivity, Chatal. Sci.Technol.,

(2) 7.Huesges et al., and A. Inoue,
Chem. , 227, 881 (2013).

(3) Z.Huesges et al.,
Appl. Chatal. A, 334, 268 (2008).

(4) M.Hattori et al.,
J. Am. Chem. Soc., 145, 7888 (2023).

(5) M.Hattori et al.,
8, 10977 (2018).

Interaction of hydrogen with a cobalt (0001) surface,

Double-active site synergistic catalysis in Ru-Ti0, toward benzene hydrogenation

7, 650 (2017).
Phys.

Effects of support on hydrogen adsorption/desorption on nickel.,

Low temperature ammonia synthesis on iron catalyst with an electron donor,

Enhanced catalytic ammonia synthesis with transformed BaO, ACS Chatal.,
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SYEF ¢ BRET - TRV BRI
B4/ VIEERICE T DIEFREOHRFTE A ZDOMSE
JUR TR 7 0 v 74 THRIIGENT oK, IR, S BHERE

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)

EEFZ, 22T, |gRBEFEERE, |e)IBEFMEREERL, edBEIRILE—, bl b3ZENTN
TA/VDEREEHEET, aldBF 74/ VRAERTH D, HEREDBEERICIE, BFWREFE
B BEREMER WS, ROREE

lw (@) = ) ()] gny+d,0)]en)) @

EBTFB, 22T, |mRT7A/VEIRRE, |g.n)=18)Q®|n), |le,n)=|e)®|n)THB, £fc, D
BEEEFIFp@) = |ly@O))(y@)| TH2, BEEEFORBRREIR, RECOHELERAZVIILIT7EEL
ULTEDIRSHFEICIE, LindbladBEFVYAY—HFEATEKRI Z t?f)"(%%n EFYRAY—AERKLOBYEET
Bicx LT, ANEEFPyhtonZz AW I NicQuTip BIZAWTEHEZTHR>Tce ChICLD, GaAsdD
Ae—LY b7/ VERBICBIT B HBERFEDOHEZESETIT S LN TES L SICR o, SHEDHE
RH5, KRHEIEBFHEFICEWT, impulsive stimulated Raman iBF2TD 7 o / V4R IE, impulsive absorption
BIRE AT, EREEETT A/ Y ORAINERRAS N, [2]

2. 2 7A#/vFaAe—LYR

=LY b7/ ERULEEDTIE—LYABRICOWVWT, YILAT7ERELVIFETILITHERIC
SEEEEXTETIVEIEICL DA, COHETIE, 74/ VREFICSEBL, Bi{tDlzdicTA/ V2
A7 0), | 1)EEZ e,
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VILA7@RICLETAE—L Y RADEETIF, LindbladBEFVRAY —ARAZAVCROBEREE S
%ﬁéomxﬁgwm,ﬂﬂm?:t—byz%%zummmﬁﬁ%tbf¢ﬂﬂ@%mf%§b,?:
E—LYRICHE-ST, BRI NOE—DENTZ2 %2R U, AEER, IXRILF—EBNEZESTEEF
¢ﬂ@%m?%§b,Jt—byh7w/yﬁﬁmﬁﬁmﬁm,m;tm%ﬁlyhme—ﬁEMbt@t
T, 7A/UHFWOBMICHEY, BRIy MOE—MEALEOIEDL ZEERU, [4,5]

EVILATBEOETINELT, HEERITZ2DO007 4

JVU2HENREEZ I, TDEE, N\NIIIRZTVIE

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

ELTco W, 0,874/ V%1, 20AKRBKTHD, S 004
b',a" g7 4/ YR, 2O5BEEFTH D, £icAFHE VY
HEREHTH D, 26FFR (T4/VF1+2) ORBER 057
BIEFI1=4U—RBEEZEOELT, BFIYRY—HER
ESEIT B ETROONG, Ffe, 74/ VR %ER 11
R TA/VR2EBELLTER, BEAOBONL— 201

AEBETEEITRROBERI Y NOE—ZFEL ~ ~
foo $EREFiQ. 1 ICRT, 74/ VIRENREEE, REBIE /
DE%EBDZEDZ, EROD7 4/ VIRENERRKD E Z(ITE
BT hOE—MEOIRERD, MADRDIREIRIENRE U
EZICERT Y MOE—DRREB>TWD, T, &
DROBERTY bOE—@FEICEOTHD, EFEINMRE \
nNTW?, ERDOIREIDSBRDIE, FULWREBE— NI / \ 7 y
HEnTWwaZeERLTWS, COBESETILRIE, 0
AR F T4/ VRETIXEBVREZR R I D&
T, GaAsH D7 A/ VIS XEVIREE—RDY1FZY
AEEICISET % 2 EDTRETH Do

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, XHBRNZEEREZEEA Y V7 A/ R—=Y 3 yHpElE70y 7 ~, Bif&E
21K22141, 21K18904, 22H01984, 22J23231, 22KJ1342 5 NCISAEZ X v 7 AARFAERFIA
R omBE R TiThhi

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". $£84EICAVEBFEENE
FrEES, 2023F9H21H,
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OB BRET - L —ROE B
IR RAEEIZ L B 100°CLLTF TD Cup0 FRD 1S
R TERYE 707 THERERT  OMM e, 2 &

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

1. B/

e g (Cw0) IXMEEFENOZMTh D BT p BERRFEZ R T Z e, NA AP, IRAEY
ﬁ\kﬁ@m&&%ﬁ& TECISH SN, EFEEEEZED TS, ZABICHIT I CwO 2T 5 Z &
DR & 72 D3, PER DB T1E Tl CuO <° Cu(OH), 72 & D AHIMAE A LR LT <. BFEHO Cw0 KA1
I D ERELV, ERICERBEGRE ISR T, &K TH 200°CoL BIZMEETH O FERA~DF A — TN
REWZEHLHBELE RS> TWD, ZOXHIFT, FXITEMEOOLOTHLAE L AT L—iEEAWVThH
T2 70°C T CwO HAREAE RS2 Z S Tpk D) L7214,

AETIE, AU AT L—IETO CwO DOREEEIZIWT, IR E OEW B IRIC G 2 D EIZ O

THRAE L7z, EHTICHB LIERIIETH D I A NAE VAT L—IEIC L D JEA 50nm F2E D Cu0 iz
TR A —ITHE T 5 Z STk L7, AT, fER L7z Cu0 N7 va—2xt& o4& LTS TRE
HHZ EERLTZ,

2. IERE

2. 1 REVRTL—EIZED Cu0 EDEE

A B AT L —¥E(Fig. DI LV | H T 2 FH EGBem X 4em)iZ CuO [ 27
BVERLL7-0), JFUBHANE & L CRERH L L-7 A 3L E W EEAS 0.04M & S
B X DRI UTKIER A L, ROSERE LTIkt rY
LETUE=TNENZIN0.1IM, 04M & 725 K 9 R U= KIATR 21 ‘.
LTz, BRI 2 10 43 &ﬁmﬁ%wC6Mwmcwa%n%(§$ﬁ¢..
MW@L\mﬁﬁﬁmiéﬁ%%®@w;owfﬁﬁbto iR
Fig. 2 \Z/E® L 7= CwO DK - Wi SEM Eifg 2 /r9, A B A

UL, Cut A AL B A E DR L 7 o U kR el P B AT T IEORE
R 2 BB ICEE SN ERICK L TA T L—F 52 &
fﬁﬁ#é FRBEE AR IC BT, 2D 2RI AR T

AL, KOOSR &> T Cw0 BHrHT 5,

2Cu+ +20H — CwO+H,O + « - @
SEM i X 0 | BRIEIREE AN E U IE IR K & < pREE
FEDENZ &R T, ZHITIRENEWIEE Cu0 D
MrBMEES NN TH D, £, AT 2R8I
FBEIRE R ENE EIE ERE L o lo, RRETIX, KOS
RIBIZKBEIET R U 7 A2 T2 CuO 2T 57
VE=T EMNZTHDN, ZIE Cu0 DT HIBRRIZEB W
TR B RIEFICE 292 & T, @i - AT L5 4
A RNUNRREZRTZOTHD, ZHIE BERS
DR —72 Cu0 IRAFRS 2 2 LT 5, BRIR L
DEWVIEE, HTH7ZT T EMEISbIRESN AT
O, XA A NI REEENMEESN, KIEDRRKE 78>
mEEZHZD,

2. 2 SRMREVRATL—EIZE D Cw0 EDEE

SAMAE VAT L—IEFig 3INC L 0 . H T AFEMK EGBem X 4em)iZ Cup0 P VERL U 7=@, JFUERATK & LT
g & L-7 A 2 L E VRN ENEIL 0.05M & 70D K0 R Lo KR % . BROGHIR & L CIIkEg b ~Y
TAET UREZTNENEIL0IM, 0.015M & 722 KON Lo KB Z M Uiz, pERER 2 30 43, Al

0.429 pm

Fig.2 mEIEE % (a) 50°C, (b) 60°C, (c) 70°C,
(d)80°CTHERL L 7= Cu:0 MED e « Wi SEM g @
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Fig. 4 IZ/Ef L7z Cu,0 IO - Wi FESEM Hi{§ %R
o MR 52nm FEEED CupO IE3 AT A HAM - (3em X 4em)iZ
BJ—IZHERE L Qe ESRODIRARTE Tid— i, BEA 4+
nm OB EYELZ KEHCTERLELS E35L, FEbICR
DEGE & 22 B e, SRR LI A RAE A L—ik
F EEE I A D EMENDRES L pm BEDO I A FEM Fig3 I 2 kAU AT L—EOEER
M5, FEHAIR & SOGTK % 835
I A ML, BEsEICEE L2
MWIZREAFTEIES 5, D728,
A AT L—iE & el U TR
DCuA A & OH A A v DOfftin &
ARG DT 2 LN TE, 205 AN .-l
FRESEFE ASN &S L 7r o T, AT, R .

BT A ME LIS X (1 , ()3T & (c) IfET 0> FESEM IETfR ™
B1-% ., BRAEMRICEE  JOSAR Z B — 3835 2 LN TE, ZTORE, BIED 52nm R L VI b B
DOTHE R ClO L 2ol tEX B 2D,

BEKEE (2.4 MHz)

Fig.4 Cu:0 H;‘; (a)

2. 83 ZTAMREVARTL—ZEIZED 00 FIILa—RtoHDEE
RAMAE AT L—IEIZ LY | ITO/PET #MK EIZ Cu0 (a)
JEEERL, 7LF T a—2k L L@, Fig 5
W DIMEEE L - Wik SEM i A~ 3, ITO/PET &
FRUZHRIE 65.6nm 2 O CuO MU IS HERS L CU iz,
YE#L L 72 Cw,O/ITO/PET D 7 /L 22— A& o B 2 B &AL
FHEI TRl L7z, 7eds, S IREMICIE Ag/AgCl E iz i
M L7z, Fig. 5(c)ic 0.1M KEgfbF b U 7 AEIRIC 7 v a—
2 ZVRM LTV 2B ClONTOPET BHOERLEDE (g "l
LaR LT\, i, BIREEOELITZ L2 — AT
£ % Cw0 BEEEHD Cu)® Cu(ll)~DEELISIZ LD b D ;
Tl %, CwONTOPET FEMITIEIK T OO 7 /b 21— AYRPE DA |
fEIZRF LT, 10 B & i@ CIRE T 5 2 L 3 n | Sy Manery .
S>7, £, Fig (e 7 v a— AR REICXHT D *0 0 0 ao TT;C:S) 2 0 01 02 03 04
Cu:ONTO/PET i Wi FEO BT &, /v 2 — AR mw(mJﬁgwumaﬂﬁ;ﬁSQgﬁ”
FEZARITHR LT, MBI LS HIRICZIE L T D 2 & 2353 W SEM 8 & 27 = — A IS %
S, Fin, TOME TR REE Y L, 0.562 FLEE & & "

.

o
w

0.2 .« *

o
)

Current (mA cm2)

Current (mA cm2 )
=)

HEC o 7. (o) Bt EZAL L () ZOME Ty B
3. ZEXM

(1) R. Nitta, Y. Kubota, T. Kishi, T. Yano, N. Matsushita, One—step direct fabrication of phase—
pure Cu,0 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 Cu,0 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

1. EEHN
B BRUCEHSEERT D [BEER) X, RRARBERAT XLV —2GERT 8L LTHIff ST
W5, BVEZE DO RIL M EL O EXUGE R 0o B — X 7 1REL S - BURE R « TR E DRI ZT (=80 Tk )
TS5, ZT 08 1 FREOEERB IV 27 Akt (BizTea%é> BEMEINERILSNTOHDE N, Hb4)E -
LR EZETMEN DV | KRB ERMNSAOREFEIC > Tnd, —J7, SITiOs IZFE SN H IR
BVEMEHT, EE CEERICHE TR I NOFEND D %) @@\ SITio, A, Bi,Te,
ZTDMENTE DI RHEZ RIS T DMBBET S RETH ST [gpomas |0 s5-mmAr | x Teors—m<m
mZT DFEBUTIE, KER S, @ o (WK PF=S%) L&\«
NERIN D, EAME BiaTes 1L, & PF &K (12X Y ERAFUI T
ZT~0.8 % (£ 1), B+ F—7 (La &#) L7= SrTiOs 1%, BirTe;
ERFRE DB PF 2R 0, JFEO/NSWBRZ G701 «
DR IHTE < (3 v U THLER O BREN 111272 D IRE AR 2 FRIT 72\0) | - —
ar IRERFFET 008 & i TR, FBRLIOBATH DRk &V o %ﬁ;ﬁ@i;@fé@lgfgjmiﬂ
IR S % 0%, 6 ZT LIS T 5, GH BioTe, DR e
AW T, ERROEEZ iR T 5720, BEIIKFEDOREA A THhbHe KU R (H) %%)\Lﬂf&xﬂz
EELZH LT T —FZ2RE LT, HlzIE, SITiO:; DERFEN EICER L Hi, 07 O K& REEEIC
D74 ) EBSBELT 2 AKRME LTIRA2EES LB 12 onbd, £7-, Ti-H & Ti-0 0)#?5(:\770)@1/\75)%\
JRFTHEE (ZIERITREN A U D 2 & TT 4/ IR r&t%tﬁﬂéﬁéﬁ SITiO; D 7 # / REECCIRIE S L L,
AR ERE RE RS E D LWL, B, BEMELERT L HIX 1o =42 T, &+ K
— & LT 20[1,2], BV EREED é%%mﬁé b TEDL, UbkoZ b, BEuErHVDS I LR
<VH % SITiOs IZiE#T 2 HIECREM DR CTh 2 mEMRE R 2 ik L, & ZT b SE o E#ifF L7z,

Bt o #|L x & (Te)

ZT @R x 0.08 o ~0.8

Sc@FE | O 3.6 mW/mK? © 3.3 mW/mK?

Kk @R X 12 WimK © ~1.5 WmK

2. MERE
2. 1 SrTiOs.H. 23V 7 Bk R & Ak & BB R

SrTiOs.H, DKL 400°C THBEST 272012, ZHE TV B 8 " SITiO,
FEREVERT 200 LoTz, 2T, 8T I v 7 ORERKIC—KICH ot
WHNDHMET T A~ BefkbiE (SPS) 123V T, KRFBHEL 2V K 9 E 6 l\‘-.l
ICRmFETHEMT D TREM L, BIRIEICAREEH TS STOLHIE 2 | %eay,  ""aa,
FEROIER T 72 2% B% L7z, £7°. Ktk 300nm LA F O SrTiOs iR E4l x=0.068° --..,::
L CaHb K% 7 —7 R v 7 ANTIRA L, 430~520°C OKIR THEZE | AAddddadssanasna
IEAL T, KFE LT SITiOs.He BiR A AFR L 72, SrTiOs.H, #y K% ) SrTIO «He 0216
10mmex 1 mmt DXL M L TAT v L ADOERBE CEMLE, 0 200 400
Z D%, SPSIT XV AKFEDBLEEL 22 & 91 LB BEREE T 1050°C T T(°C)

Eaniiilss: — ST, BEREEE 96~99%D i0;..H, BERE . .
Wzﬁ%ﬁf@;)%ngngig;f%”/ STOSHAERE 1 2 semion . sess (oo ks 741

‘ ' ° R fer, DRI AFNE,

VESLL 7= SITiOs. H, BEREIR (R L LT x=0.068 & 0.216) DIEFEE

R (k) ORERFMEZEK 2 1277, SITIOs ZAEARIA & LT, 5 2.3%0 HE#H (x=0.068) T ra 3
55W/mK £ T L, T2 HIEEAZH0T L 3.6WmK (x=0216) £ THALVEELZ &I LTz, K3
X, StTiOs H BERE R (x=0.068) D IR PF & ZZHash5 ZT OWRERFMEIZ DWW T, La F—7 SrTiOs Bifs
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REDHEZR LTS, La F—7 SrTiOs BERS A SrTiO, H, SFTiO;_H,
T REIET LT PF A LTLEIDICK g | Oziﬁm‘f“ﬁﬁ
LT\ SITiOs.H, BERE (R TITIREEIR T & I PF 28 2 O
ML C, =R T 22.6pW/emK? (ZHIEE L7z (14 3 £ T
7). La F—7" SITiOs BEfE (A TIIR AR HELIZ L - S No1le /
CEREHERF->CTLE S i, =iafhE =107 i
TO PF MRS CLE S, —FH T, STiOs.H, L L a:STO o LaisTo
Hef R C IR LA B 5 LT b, il -
Th HfE S L %0 &V ELEEE (1740S/cm) 0 e 00 200 400
AR THIC, WV PF & EBTX 5 2 & 535975 0 200 400 o

T ¢C) T(°C)

720 & DOFER . SITiOs H, BERE IR D E O PF &K
12k T, La F—7 SrTiOs BEf iR L v & @\ ZT
ot NS hot (K3 A,

2. 2 XKEEBIZED SITiO:.H. DEFRCERZERBD A DX LA
Hi%?ﬁa: cl: ) SrTiO}-xHx () Kkat.f&?ﬁzgg*% %ﬁ@%jﬂ %) f: D t
FEFHFN 7 + / EMREIC LV . SITiOs & SrTiOs.Hy

-
=~

B 3 SrTiOs H, Befth o IEF PR (f) & BVEZ
BN 2T () ORERFE,

VASP & ALAMODE =t— R % V7= 55— P
(x = 025) O7 % /) UEENT 21T > T2, —MRICEERT

IIEHROTREDOEEEICL T4/ VEBELDEIR SN DD, BB L KEOEHEETI6FELHY ., 74/
BELICKE LS FHE LTV D AREMERH D, £ 2T, S LA EREMHFF L E . KFEFOEELEK

REMEOERIIEZ C i ZdtA LT (K4 /), TORE, HEAEIZELD tu~D

/.
2

3R LML ek

CIXRRDEETT 4 VHELBHR STV D LB R b, £ 2T SITiOs.H, (2381 2 KRB E &
BYRE L OFBEZMHA~D 2 8T, HERICK > T7 4/ VHELIR S5 A W =X L e BEf Lz, KRR

N EDOETOMNHMEEE 2 D &
A~G DT ODREENRH Y, BET

T\ﬁ EI Awsd
MO PI PR BT OEHOAEREBE(164H)

HEBHCLSEEIREZELL

METi-OES
FAX—LD HAE L RHFZED O#{ﬁ . A R Sf ook
EHNLE HIY 5 5720, iEEE g . =
TND ko gt H LT, ZORER, &, D mass(2) S%E;-egﬁ;'
EDOET N THKRBEIR T kLI fi?po 1 o O mass (16)
BWIND0, EHALEIZL > TRE . B gi‘g'\smba' ' '
RIELOENHDZ ERGhoT é _ \\\ ’\éOdel
(B4 4) 0 2D Ko DIEVNE, Ti-Os o §6§ ~Og0 E
NEARIZBT DR H ORE— T E =4} 0F ]
BATEH LB b, THO S o0 P
AT Ti-H #A 0 HEF 1255 < Atiy = 02W/mK @ER 0.00 0.02 0.04

-
=~

300 400 500

W22, Ti—06 NIRRT

Ti-(O/HfEE Rt DfRE

T (W4 L), T VO
Ti-(O,H) #& & BE B D ff 2= 12 %3 2
Kt DEALZE 4 TR T8, B
WHHBEZN LB TE Y . Ti-06 J\H

T (K) EAEMOTE—E X WP

X 4 (/£) SrTiOs.H, (x=0.25)FF /L D/K#EH #FHAKFED LE#HE O DH
BCEIRI2IGEICBIT D8 FEURE L () DIREZE L, (F) KFHE
BT E DRI D SITIOs H, #EET /L A~G 2B 5, BIRD K. &

-
—

HIZB T HHEEERDO R — MR

i-(O,H)t & R O IR 22 D B £R,
ZF /I EHEBRL TS LE Ti-(O)= & EERE o = DRI

2 BND,
3. S&EXWk

(1) Y. Kobayashi, O. J. Hernandez, T. Sakaguchi, T. Yajima, T. Roisnel, Y. Tsujimoto, M. Morita, Y. Noda, Y. Mogami,
A. Kitada, M. Ohkura, S. Hosokawa, Z. Li, K. Hayashi, Y. Kusano, J. E. Kim, N. Tsuji, A. Fujiwara, Y. Matsushita, K.
Yoshimura, K. Takegoshi, M. Inoue, M. Takano, H. Kageyama, Nat. Mater. 11, 507-511 (2012).

(2) T. Yajima, A. Kitada, Y. Kobayashi, T. Sakaguchi, G. Bouilly, S. Kasahara, T. Terashima, M. Takano, H. Kageyama,

J. Am. Chem. Soc. 134, 8782-8785 (2012).

(3) X. He, S. Nomoto, T. Komatsu, T. Katase, T. Tadano, S. Kitani, H. Yoshida, T. Yamamoto, H. Mizoguchi, K. Ide, H.
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Synthesis and properties of new functional materials based on metal-organic frameworks
by Tomoaki TAKAHASHI, Suguru KITANI, Hitoshi KAWAJI

1. HEREH

ZAMEMBHIZ B OMALE R > TEBY | ZOMALICH A RMEEWRETHZ ENTE D, 2D, 51
WAEHIRLA A AZHH, BV FaT——T A il EEREEAE S L CIRIR IS SN TV D, HEREME
ZHMEM B —D & LTI, ABESREEANER S TWd, Inbid, &R/ 4 2B B LR
FEBLALF 0 B CAAMEIZ K0 sk L. =WOtAICHIAINE L < Sl S Lo fifsE 2 R omE Th 5, 2D
BRI e MAE P I2IE, SESERT[UED TOAHS T2 REICWET 2 Z ERAEETH D | 248468
MAOFHEEZ D Z LI L > THIALO R E RN F L OB ERZHIECE 5720, €474 Tk
Lo TR ML Z2ED Z LN TE D, MWERRERT-ED Z N TE 5700, KREITFHERS
TERCIR BRI E e E~OIS AR HFE S, T OFEMIZEIT TR LA T TS, Ll R
A MgF L HALNICRIR S D 7 A N3O BEAEHORE, W S 727 A Ry A Mg+ OEBRR
RE. ®HDWIET A My FIC BT D RIBIR e & OIERMHEFIZ DN TIEIA 0D EETH D,

BB O 7N —7"TlE, ZivE THBE) G4 8 854K O IRMOF-1[ZnsO(OOCCsHsCOO)s] , HKUST-1 [Cus
(benzene-1,3,5-tricarboxylate)z] (22, Fig.1 (278 L7=MIL-100(Fe) [FesO(OH)(H20)2(1,3,5-benzenetricarboxylic
acid)2]°MIL-101(Cr) [CrsO(OH)(H20): (1,4-benzenedicarboxylic acid)s]72 & DOHIFLAE D 570 5 FE 2 D AL A1
SBEERIZONT, KOS T2 W S8 L & OMBBEEIC O W TOMIEETT> CT& Tz, &I
BATA M EOMAR2mE D /NS 7 vl TIEF A M FOWBRIBRITEZ St ESbihlTngd
B, THETOMEICE > T, HEESREIEARICIE S
7o E TR EAE AR O K O B A R 2 e
Gyno TEIz, WEEE TOWRE T, ZILMAKE RS
(2 S AU To K DR - BEFEBLGIZ OV T, FRITHIAL
PEDV/INSVWHKUST-1 - GRIFLAEA30.5 nm3s K UM0.9 nm) 12
DWNTIE, ZHETIZE BV TV D i BAKVEE TOR
JEK DB B R R A b7 A MAAEVERICESL &
Bon 5B MR E R L T& 7, —F, iR

72 AL A A4 HMIL-100(Fe) GHIFLEE : 2.5nm&2.9 _mér%ﬂf;
nm) °MIL-101(Cr) GHIALEE : 2.9 nm&3.4nm) Tl 25A ""‘-5..-..'4‘7-5,5'}?‘
K& EORIRDMALOZNEIUKIET 5 L Wbh 5K B3
DORLE - BEERSE OB ST\ D, AHFETIE n AN
MIL-100(Fe)*°MIL-101(Cr) & [f] U & Fi D, &R A A ° 2P
UAER NI 7R 5 MIL-100(Cr)35 £ OMIL-101(Fe)lo e e
ST, T B S T S T K ORIE R O A Fg-soA-L¥
PENZONWT, HIFLY A R ELmA A4 L OFESRED WY 257
ENZOWTH LT D L L bio, Bl TRk T
DERRFEDOT-DDRAEGD Z LA HE LTS, Fig.1 MIL-100(Fe) D [ 1]
2 MERE

MIL-100(Cr) i% Y VA Y —~ ik O CTHMR L7Z[2], 27 v X Ju/KFMP(Cr(NOs); - 9H,0)
2.0 g(0.005mol) & ~ U A 2 U f(C4H3 (COOH)51.05 g(0.005 mol) & #8588 /K 25 ml CiA L. 30 4y iR E
TR LI GO RER 2 57, Z0%., ZORAEIRE T 7 1 U ithE 45 %(taf-sa-100 it E T3
BEARSH)ITE AL, 493 KT 96 FFHIFRE L7z, AWFE CIILRmCREERZ B L, HF 20 L
T MIL-100(Cr) DA% &2 4T > 1o M) % 7888 /K(H,0), =% /) —/(C,HsOH)DJIE T U B 28R 21T
U, DL i D MIL-100(Cr) % 1572, MIL-101(Fe)iZ DWW T b [AREIC VLR Y —~ ik Z WAL L7=[3],
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HEAESR(ID) < /K Fn#)(FeCl; - 6H,0)1.32 g(0.005 mol) & 7 L 7 # /LFE(CgH,(COOH),) 0.41 g(0.0025 mol) %
N,N-Z A F LA L7 X R(DMF)30 mlTE72~ L, 30 2 E I 2 D THEHR L a0 RRBIK 2 1572,
D%, ZORAEKET 7 v UERSHCE AL, 383 KT 24 FEMEHE L7=, £D#%, NN-U A F /L
RVLT I R(DMF), A% /) —/L(CH;OH)DNATHEH L, B2 Z1T o7z, SEHIXIT 27 A Moy 10
W T EIZ LA T DR TIT > 7o, BREW %, HHNUOHEZET A R TT7 ) —R&Y ViEE W TR A
L TBWIMFER S A Ny FARKERZET A RTC, ARSBERIZIET Z & T, MANICT A M52k
ik L 72 iR 2 1572, 4% 2 OFEHRIEIZ IR X BRIEHTIIE(XRD) 21T > 72, DSC #IEIZIZ TA #8o Q-100

R, DSCRIEIL, W E AR 2 2D S0 b,
SR ; 10 K/ min, R ; 93 - 300 K TIiT-o 72,

7K & Wi L 72 MIL-100(Cr)®»> DSCHi#R % Fig. 212779, K
2RV T % TH LTI R KW ek &2 %k 3 2 Wk El A ¢
&%, MIL-100(Cr) OAMFLHFIZIEI mol472 v | 26.3 moldD
KEWET D2 LR oT, RO KBIFELTND
BARIER100 %LL ) TIiE273 KIS L 7 K O flfiiic
HKTHEEZ LN E—7 BNEHISNZ, ZOKTITR
SHWA, T X TRIE/K Ot & B 2 3EF I
02— N7 B — 7 73220 KEFTIC@lEs Stz ML s
[EEE 722 MIL-100(Fe) Tl, 210 KA UL 7 v — K7W Eh e —
I BBEEISINTEY ., Felbaip L bz L T10 KF2E SR Ml
TR DEEN L > TWDH EE X BND, 72, [A LCrik
AW CRIFLEE AN B 72 HMIL-101(Cr) & Lol 5 LB iR E 1
FINOKIE < 72> TV B, Z AT, MIL-100 DAL ASMIL-101
OFIFLEL Y H/hENZ & LG LTS,

DOENTKE W L 7= MIL-101(Fe)?> DSC Hift% Fig. 3 1
T, RO K TEE L TV B A (W 100 %L )T
1% 273 K fHEIZ SV 7 KOFRICER T2 & B 2 b 5%
B’ — 2 L 260 KT IZW KO AV ICBERT D &5
2 HIDWEE — 7 B S Hu Tz, WS 100 %Ll F 0%
ANTIE220 KEHEICIEF I 7 1 — RRWREA Y — 7 D3
2 &7z, MIL-100(Fe) & bhi 325 & HIFLER A K & Wiy,
EIRANCEI S T D, —J, LR FEIER7Z: MIL-
101(Cr) & Feige L 7= 35A  MIL-101(Fe) Dt 0 Wi 7k 0D gl i
IR IIHI 10K K< 22> T D, MIL-100 SR DA & [RlkE
(2. A UL DL &) Tl Fe LB D5 Ol IME
WV, ZOZ &, Cr THERL S U7 Al FL & bl LT
Fe THERR S AU72HE S A FL oD J5 A3 K & 7l s fe T 23 3¢
BT 52 L ThHY FelbGWD I HFMFLEE & K5y
OREHHZ LT —=NEL @ E 2B L, W
KOKFZREERY NTI—27 X0 REENIZT D
LHRIBLTWS, ZOFEEND MIL-100 #EIF ONT
MIL-101 B DB A8 YA NI S 75+
EHSFAER L TWD LB 2 i, i, FFED
SFDIrE B — sy M LT EM ~D s A B4
S5,

3 SR
[1] P. Horcajada, et al., Chem. Commun., 27, 2820-
2822(2007).
[2] P. Teerachawanwong, et al., Fuel, 331, 125863 (2023).
[3] A.M. Balu, et al., Appl. Catal. A, 455, 261-266(2013).
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Anomalous thermal conductivity change with metal-to-insulator transition in CuiAgr:S4
by OSuguru KITANI, Kenta HASHIMOTO, Hitoshi KAWAJI
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Visualization of fast oxygen deintercalation reaction of oxygens storage material Sr3Fe207-s
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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 4
measurements have been used to investigate — : y 4 Detector
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 g 101 Experimental setup around the sample at
reactions and/or synthesis of metastable structures. the BL02B2 beamline of SPring-8.

Here, we focus on the Ruddlesden-Popper
layered perovskite SraFe207-s5, which has recently attracted attention as a high-performance oxygen storage
material [1,2]. This compound shows a reversible topochemical redox reaction between SrsFe207-5(5 ~ 0.4)
and SraFe20s6 (6 = 1.0) under O2 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 (5 ~ 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 BL02B2 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.

P-33



. R oo AN

Research result

a ‘
(@) vac.: H, gas
16.4 i

w/o Pd

Reduction rate < Diffusion rate M‘
ARYE
Reduction: = w
Ll

26 (deg.)

o4 d. w/ Pd . ( i
5~04 Reduction rate > Diffusion rate
7.5 ) (d) ordered Sr,Fe,O,

Angement
(First-order transition)

0 10 20 30 (C) Sr3Fe20

Reduction

10 20 30
Time (sec.)

(e) disrodered Sr,Fe,O,

Figure 2 Time-resolved XRD patterns for the reduction of SrsFe207-s (a) and Pd/SraFe207-s (b) [4].
Structures of SrsFe20s6 (c), ordered SrsFe20s (d), disordered SraFe20s (€).

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 SraFe207-
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
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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-(AlyGa;)>03 alloys with x = 0.25, 0.5, and 0.75.
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Fig. 2. Formation energies of O vacancies in a-(Al:Ga;.),03 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 (Ao = 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 Ng, 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,O; in (a) assume Aug = —3.1 eV to be compared with the a-(ALGa,.,),0; alloys.
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Development of method for exploration of semiconductor and dielectric materials via machine learning
by OAkira TAKAHASHI, Fumiyasu OBA
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ST U AEEE RV, Y T2 O 5E
WA E DR 78 A MERSRAEL S L TR Y
Ralb—Ya w2 Tol, FRNENOEBKR
ERAWEGEE L 2 TCOBBIR A RIFFHAW
A ORFENMEREE Fig 1l L TRT,
HET =2 BODBCEREHM BRI 100 200 300 400 500 600 700
T, 40P TEEBEBIRE L THWTE Number of observed compounds
REATH ZETBBEREZAVROEA L Figl 2MB0BHEELOBRT 3L X —NIE LR 5D
0 b ERRMERED A LTz, DORFRER, REOITEBETE Z W WIGE ORERE,
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2. 2 EQNIZKSYHETFAETILORSK

Crystal Graph Convolutional Neural Network (CGCNN)? [ i 2 B2 A E#H & LTV 9 Z & A3 ATaE
THY . WIETHT T L OBEITIEL S NS TV DR, JRAHEE O FEBRER 0 2 & FV T4 B2 0
DIRNWT T T7=a—F N0y N =7 TREmEDORBANA 0 TH L Z EREfMIhTnd 10 —F, &
AERHRE &7z BG)NN! TIIER A AN RIS 2 e L 7o B AIABRBEEZ WD Z L2 X 0 | iR EE R 6722
MORERD T T T =a—F 0Ty T —27 TIEERD Asd 2 L RREE AT A ERESERB A
NoNDZENFRTHD, ARFFETIE Chen H D = — K 25— L LT, HIEENOHEMET — & X—
ANZEENDERALD) DR = 72w LT EGNN IZ X B FHIET VAR LT,

FERO—pHIE LT, HRINART DO FRET AZHOWTRT, THRIET VL 984 B DL A~
M OT =R IZESNTHERINTEY | Fig. 2 ITET MERICHW R o7 226 ME O TRIFERZ 7R LTV
B BD X DT, Hix B ORI AR M EERBEICTRITE 2 L™ 0hoT,

0.0 Nb9V025 Hfszsz4013 SizHg6O7 KsGeQOy4
st /7 sk | s/ T s oo T
- ,J/ - J AJ _.4/
0.27 ~ 9% 10 0% 10 0% 10 0% 10
‘TE CsInO, KoW,05 SrHfO3 SrBeB,05
&) g T P P i P
0.4 - = 5r 7 50 F 5r 4 5r
S |4 4 _.J __J/
'a 1 1 1 1 1 1 1 1
S £ 0p 10 0% 10 0% 10 0% 10
utJ 0.6 1 § L|Ga(WO4) MgTiOs PbO BaZSCNbOG
s st 7 5 7 T T | sk T T 5 o T
]
0.8- E; | ,_J k,j ‘_4!
o 1 1 1 1 1 1 1 1
2 0% 10 0% 10 0% 10 0% 10
10 s Y5W012 CSSbOZ RbLa(WO4)2 Ba4A520
. ] c) - = e S = S _— (T *—'—v-,f
g st { 5F f 5F _[ 5-(
0 T 0% 10 0% 10 0% 10 0% 10
Density Photon Energy (eV)

Fig2 W ART B OTRFER, ERIFRREOSM 2R L, fk F. 381, RIS ALEDH 2R3,
AR TIEIZMLZE AT -7 2R TRL TN, t&ﬂ%@i@ﬁ@%ALﬁ@ CEHBL, T
0.0l em' LLF & 72 555813 0.01 e ERE L TET MEREZIT > TN D,

SR
REFZEORETRIL., B - i U7y — A ) _R—2 g UMBHAIE T Y 27 Mk ELRTZE DT
T, IO BEE R LET,

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)
(12) 7. Chen et al. Adv. Sci., 8(12), 2004214, (2021)
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GYUF BB - TRAE—RRL S
) UBERTRF/ MFMIEIZE S A 42 D OERBERIERIG

FOX T2ERFERLBANBIRAITERE 7 7 > 7 o TR EHIRSEAT
OSRHBE &, MHEFKR, DNFRE, J7 A
FOR TRERFERE - (LR TP Al Bz
National Synchrotron Radiation Research Center, Taiwan
Tsai Meng-Hsuan, Wang Chia-Hsin
National Cheng Kung University, Taiwan Yu-Chuan Lin

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. BIREM
RETADER D THDHAF > (CHy) X, AMFEOAERITHANT Z(ERFE (CO) SLHBEIGRD
B OPEH RN D I To D AL2ERLRRE O

B LCIEE SR TS, LasLAaRs, CH, (a) (b) sh ’&
OFRE R C-H 56 (440 kI mol™!) DIEME(L2 0% 0 Lo
R Cd 572, CH 4 DAL A K~ ff °

HIRE T By BED CHy 7 BALR S~ %
ZHE, TR X —HEOREVIKERLE
T AT AT DG/ A (CO+H,)
PRETAMBER T a e ADBTHH -8
BT A Z B L72\V CHy 55 HCHO ~D A
B A rTRe & HEN AR N E E
TWo, ZOXIRWREROT, EAFT7A4
~ - BR b4 - FHEFAREE - MOF 72 £k % 72 filt it
\Z& D CHy OBRLT v 7 7 v —F 4 VT K
JIEMHE SN TND, Fxld, =H@mRY v
fedk (FePOs) F / Wit % & ik 7p R b : e

TG BRI LA S o4 B ) VEREICE H Fig. 1 Structures of monoclinic BiPO4 ((a) P»1/n and (b)
LC&7= 13, BbiEcies b Lewis i8PED  P2l1/m).  (c) SEM image of BiPO4+-DEG.

SRz b ETEEMEO Y VB = RS, 09
CHs DIEPE(L & HCHO @ CO, ~D 5E2 AL D O : BiPO,-DEG
HElICZNZNEET 5 L B2 5N5 7, CHy 08 1 ¥ .Fepo,
DEHERCIZ I T DB BEZRIC OV TRAT 07 1 ﬁf?xipg:%”"'
o, T 06 - D:B-Biio:

ﬁﬁﬁﬂi TliX, TENR T o LUt 7 S

BV T LR Th 5 & A~ AICH 205

E Lto vEF L7 U a—) (DEG) &K Q0.4

DOIRBVEEP CTER LIZHAHR Y Ve A< %03

2 (BiPO4) F / ki ¥ (BiPOs-DEG) % &t efi 4 ’
DB A~ ARl A T, o ikEESE (0,) 0.2
(2 &% CHy 2> 5 HCHO ~DE R EIZ DU T 0.1
BFHL72 4 23U E TO BiPO, it OAFF 7R3 =
I AR I BRUE S, CH,y O RLEERR LIS 00 o RIIIRG X IRX 0G0 DI R 0
BIFARIZITE A EITHOIL TV, temperature (°C)

) Fig. 2 CH; oxidation over Bi-based catalysts and FePOa.

R EADE S Catalysts (0.1 g), CHyN»/O; (2/6/2 scem).

Bi i D KIS A~ DR IR 2D, Zh
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F£TO BiPOs filllif % 5 a7 5 11T EVLEE 722 © Ok LW SRR LETH Y . RHEI/NS L 725, AU
72 ClE. Bi(NO3)3'5H,0 & NH4HPO4 4 /K-DEG R VIR TRl S8 Tl U 72 RiBE IR 2 ek 55 2 & T,
BiPO4-DEG % &% L 72, BiPOs-DEG @ XRD JHIE & | FRfb B A < AR L U 25 O ARHI I IR S 177,
HANER BiPOs (P2l/n BE Y Pyl/m) OIREWMTHDH Z L3> 7=, BiPO,DEG D HEMHFEIL 10 m? g
ThHY, KEJEIZL VAR LT BiPOAHT (<Im?g!) £V HREVWETH -7, BiPOs-DEG @ SEM %ﬁ%:sﬁ:
5. KA XD 50-100 nm DERIR T/ ki F-DEARKRTH-T- (Fig. 1), TNHDF ki3 A X%, =
77— & VRO -FER T (46 nm (Pol/n) . 51nm (Py1/m)) & —E L. TEM JIENS & EF VA MY (Pyl/n)
BELOERBERG R BiPOs (P21/m) @ (011) HIZHKT 281 (0.47 nm 35 LN 0.39 nm) DHER I L7,

[i] T RS 0 i S A FH N T, Tl oD B filifi T oD CHy O EERLRSIZ W TR L 72, HCHO, —#%
fbiRFE (CO)., CO» W EAFM TH VU | CH30H 72 E DO RIITHERE S AL7e > 72, 450~600 °C D il & i
PHC CH4/O2/N> (2/2/6 sccm) DSMET, ISIREIZRT 5 HCHO Y% Fig. 2 27”73, BiPOs-DEG 7%, #Ff
L 7= Bi il (BiPO4-DEG, BiPOs-HT, 0-BirOs, B-Bir0;) DH Tl b i\ Vil i 2 7k L 7=, BiPOs-DEG [,
CO, ZlT & A LAY S Z L7 <EINAIZ HCHO % 5.2 72, —J. BiPO4HT, 0-Bi,03, B-Bi,Os 7 & Dfthd
Bi RARMETIE, CO TR & LTI S 7z, KR, mIRGEIZ 3T BiPO4-DEG 13 FePO4 7/ R 1-fil
BEE 0D HBINAYIZ HCHO % 5272, 600 °C T? BiPO4-DEG D ZEREIY (% 0.45 mmol-HCHO g' h™! (HCHO i
PFE: 40%) THY., HCHO ODYRB L OSEIRIT N ETICHESN TN D Bi At L v $ @vMETH -
7=o7,

INETIE, @R UBEORRE T2 TR, REOBERFES CHy O BRI LIZ BV THE
ThnHZELEHRELTWS, B Rl omeb )%
Batd 572912, H-TPR JIE&1T-72, 550 °C

LR TCOH-TPR 7 0 7 7 A AMBHETE S5 Hy CH, HCHO, CO
M2 81, B-Bi,Os > BiPO4+DEG > a-Bi,0; >

BiPO4-HT > FePO, DJIE T4 L. 550 °C TP CHy \_/
IE(EEOIF £ RS Ao fe, 20k I oH ¥ om
BBEIR A HERR S Tt o 7o 1 13, 48 ) S B 0_pi= O P—O-gi= 07,

B OB O FRARE T30 CH, BR{LICH 074 0409 ]

T 5 RONERE CIEE cE v, £, 2V AK m
JEFEBRTIE CHy 7L AD BTz & & IS 4

NHEFT L7222 & 225 BiPOs-DEG HH DERHE A

CHy & RS LR\ 2 & AR S iz, fiblis) O,

Ry BUSHER, 427 F XPS. DFT #H 7%

L O SUSHRERF > 5 BiPOs D3 Hi ET 0, 28 MO o0

PE(L S R L7 REIEAEIC L D CH, BYEA 0"y 040 H
AT B L EES NS (Fig 3), ZOXH R M;O
BiPO4-DEG T O I&MEALIE, ik 1-FERE A BiPO, )

FOGIZB G4 % FePOs 7/ K- L I A TH
V. EIETOEV HCHO & MElc & H L= L%  Fig. 3 Proposed reaction mechanism for oxidation of

2625, CH4 with O, over BiPO4-DEG.
3. SEXH

(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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SYRF 1 BREE - AL PRI
NAOTRANA FERAEYM T / HFOERK & B - REME RIS~ DFIA
SR TERET 007 THRTIERT  ONUSHER], AN, HHEE

Control of metal oxides surface and application for acid-base catalyzed reactions
by OTakeshi AIHARA, Wataru AOKI and Keigo KAMATA

1. BiIREH

BRSOt iR E, AESE « AT AL - T 7 A T IDNAERMIRE . ARG Z R RNIZERS D
FE TR ICHERMBEERE TH D 2, PTHENm T AUA MY (— A4BOs) 13, R A 2o
FTREZFOZ ENME SN TWVDD 3, ARG RBUSIZIA JEH L2 flidzan, AR T, MR OfF
PRz AR T D720~ T 2 A MR O T /K FAICE B L, GRS IC G 2 2 8
& ABRBOGIZ RS 3 2 ARSI 2 BaT L7z 5

2. HAERRE
2.1 TigARQITRAA b/ HFOERE LLRERE

Ti EHXa 7 AhA Mg
ftix, V> amkx2 v |m00
Sol-gel EIZTHEK L2, Ti n
JR & L C Ti(Oi-Pr)s, 7/ 7 U
TR R E R - kK
F oo U A B KICTEME, 7K
¥ - Wl &2 D 2 L CHIBEA
OMKRE®T-, JBoNHmE
% 823 K TS5 h, ATEDH
K[CHERTHZETHBD
a7 AhA N &
72, Figure 1 ()IZiZfF o7z L | L
FHUBA BT T LD
XRD /¥ — > &g, 22T 10 30 50 70 90
Bepgk LI=F X A b v 20 / degree
F 7 L (StTiO;_air) (X, 37
an SrTiO; 1T & S 4L 5 |l
RO Z DB S, IRERHES
B b7 E ORI KT 5357 — 3Bl S iz o 72, £ 72 Scherrer 2oL 0 B L 72 (110)E DG
paTEEIE, 3lnm & RFES HLc 2 LD RERIEIC K D&M SITiOs 7/ KL - DG RUT R LTz,

S O THIBRIR % 45 3 CHRLBR L 72 1% IR PIR &2 225U 0 B 2. 1572 SrTiOs (SrTiOs_No-air) Offdh 1-£81%, 23
nm &HH SN, SEMHEIED HBIZL S T2 SITiO; No-air ORI F-1% 10-30 nm,  SrTiO;_air DK% 30-40 nm
ERMED B (Figure 1 (b), (0). M TR ETERWVETH Y | ERLIIZ L DMK TR B R STz, &
FWAERE XY RS -7 SITiOs No-air O R EFEIT 46 m> ¢! TH Y, SrTiOs air B0m?> g) @ 1514, &
PEAZEIVBEA LR 4 m2g") @ 10 FUEDEZR LT, £EARBMIEIL. FL VMBIV TN
(CaTiOs_Ny-air) 72 H NI T Z VRN ) 7 A (BaTiO;_Na-air) OARRIC G IS FTRETH Y . EHlE - &bk
FE7eflx O 7 204 Nk /BT OERICEZ) Lz,

x 1/4 I

Intensity / cps

1/10
X L l 1 1. X

2. 2 FI/EBOAD=XL

U v Afg % - Sol-gel 15 T2 SITiOs D FIBAEDRIZOWT, 2572 L NCEHREHA T TG-DTA
WEZIT -T2, ZZR T CHE LIESHA, 773 K AHEICKE BB — 7 CEERD PR INTZZ L0k,
AIBRIRH O NRBE LT- & B 2 bd (Figure 2 (a)), T D—J7 TEFHE F CHIBMAZ LB L7254, R
IREESEI CHRE Y — 7 (IBIE ST, HERD OB R Sz (Figure 2 (b)), UL EOFER LV | R TRAR
THIES 5 Z & THEYOBBEC XD K& BB - R+ OREZ MK C& ., EREEZRT /2B L
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TeEHEEL TS,
50~ 50—
1 0+ - 873 ] (b) o - 873
el 25’ 773 07 25’ 773
4 & 7 F 1 = T L
> 30 2 673 x » N0 T -673 x
> 20 8 e g = 20 8 " &
< 20 % 50| ~573 E- : 20 P 50| 573 §
o 104 2 473 - O 10 2 1 473
] 5 r f 75 - L
| F - 373 1= 373
-0 100 r2rn 104 100 273
T T T T T T T I T I T I T I
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Tme/h Tme/h

2. 3 ROJRAA FEEIEYM T/ RiFOEREMEEE

U v A E e Sol-gel IRICTHK L7cFEA O Ti 007 A4 Mgk ) / ki % v C, A
PR - ERRESOR E LTHON TS R AF AV LT =K (TMSCN) I2XA57 |8 7=/ DOV T
IV IACROG R LTce ETHIOICHREREDO R D SITIOs Z W TS EITo7 & 2 A, EERHED
HAIMZ AR BEMERE O [h) B 23S FERR S 4L, %T%sam;mmrim%meM®iﬁ%W4w%%)%rbt
(Figure 3 (a)), 2D Z D, X7 Ah 4 MR LY ORBRIRAICE T 2 FREFBOEEE RSN, &5
(2 R B R ER R 7 & ONC BRI & L CHW B D T Z — & TiO, X° Mg(OH), & AW 78412
FEAERENET Lo Te—H T, WThO Ti A2 7 A0A NE(bW T b ISP HET Lz, KIS#
T, g - PEFIZ K 0 A L7z SrTiOs Nop-air & FRESUSICH W & 2 A, HEREME T35 2 & 722 < S EIH
FIHATHETH o 7=(Figure (b)), LA EDORER LD | AFREESERAREE S U CHNCHEIET 5 Z LB RSz,

0 Catalyst (50 mg)  TMSO CN
(@) 100- 100
+ TMSCN
) Ph* ice bath Phx ]
75 | 75
< 504 o 50~
) o
> ] > |
25 | 25
0 e < & <« < o T S S e @ S & QA
RS R N{ N \ SRS
é@ 0«5/ ,(\fb'l’@ i em'(b %e& Q\o (< e.\ e,\ e\b‘ e@
o L e L e L4 N o~ 6 ¥
N M D o & & 8
oo o P K4
%é\
3. &EXH

1. H. Hattori and Y. Ono, Solid Acid Catalysis: From Fundamentals to Applications; Ist 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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SYEF L BRET « AL —APE B

)F O LAF VEMEBMOIERERTES X2 vILEEDOER & ST

HORX LR ZC b A
HORXLERT- 7w o7 4 THEWIIGERT. ZCAF OZHAifRER
FALKR R B LR FEBIEA . 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. HAEBEH

iR - ToT fRIC K 0 . FERTOP LRSI I WD, FEh e LTRENZRY
%&A%z‘f‘%ﬁ(%? LIB) EEENEE U 27~1\77r/\ J— K PCRREMIE HW BT
Do FEEMICIE, =R AF—IPROFFBEILRIZE Y, FISEEPIET 5 EEESND, LIB @fFv*f
BIIB =RV X—EE - YA 7 VRt R RS> Z L Th D, —FH T, el - FBIEHRE - - it
DANE « US A 7 k72 EOBBENR S D, T, VTx&wmﬁf%écO@ﬁﬁimﬂ%%ﬁfé
UF T LA A EMEMmE E LT, Co D—fEZEELRTEERTHD Ni & Mn TEHLLEZ 3
TR L1N11/3Mn1/3C01/302(NMC)75)/fE XN TCTnWb, F7-.
UTEE NMC (22 WTHE, MBI B RIENT T T NI R 2 #5020 S B - RS & O
ALY &5 EMEEOR EARE STV, L L, BESITRE R R o 2 %
ATV ZRERVIRTTOME DT, ERHEE & BRI EOMHBEOMIAIIET B2 %3 v LK
DEVETHLD, 2 TARBETIL NMC BRHER T B & %2 v LR A /ERL L | BB E DR
lz1T/e > T D THET 5,

2. IEMHE

I T VA L —HEREIE A ] W 72, SrTiOs(STO)(100) 25 A | 12 SrRuOs(SRO) R EE MR
Z 50 nm FRIE L 7= G, HEAGRE 520°C, BRFRJE 500mTorr, L —H—5fEE 0.57 Jem? DS T,
NMC ¥—#ARE, NM ) —#A AR OMERVEE A 130 nm B U 7=, fERHAAR(ER UP)RRIE
TN EER SV A L —FHRIERIIC L Y AR K LiaNiisMni3Co1302(NMC) &
Li1aNizsMnizs0:(NM)D 2 DD X —75y M@l TH G010 5 2 & CER U, FEH D & 2 il
I/ T NM 225 NMC (2GR ’n’*ﬂﬁﬂiz’ﬁwﬂﬁ“&‘%’)i INTEREF LT, R L 7-IE, X f%lﬁl?ﬁ
(XRD)F KO IR A A E E AT (SIMS)IT X 0 3l L BERA#IZIZ 1M LiPF¢(EC:DEC=3:7). & & |

Li 4 E % v T CR2032 A=A /t/v%,ﬁsﬂ%ﬁ:“?& IREL— MBS RENE

X0 EHPEREREN AT e o 7o,

3. BREER

XRD 4k« fiPY 20 -98E Fig. 1) 5 BA UP 13— NMC &¥— NM Ic% 7 n— R E
— 7 &R, ﬁWPmmmﬂmﬂ%It5%/¥WW§#%Eéhtoit SIMS ¥ = J7 17 54T
(Fig. 2)7> HAEAL UP (2B U CIEZR I & FEHANZ [ 5> 9 12220 C, Ni OFARDSERIZIZHE N, Mn
DRFITIFE —E, Co DMFIFMIZICID LT\ Z EAvREhz, BLEX D, Bl Ok
S E A BT H T E X X v VRS L 2 L BNbho o, MERL L 72 RO B AR 1B
WG CH Y | KEEOWRE L T3,

4. SEXH
[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. HIRE®H

B DIER A2 /T HEFEWE (2RI — ) X, 7977 = O®ELURE, MEFESROE
G X — 7> b LCTHEE S TER Y BN st R cirhbh s, Fix O 7V —7TiL,
MRS/ v— N ERIBIT, BRa AR - SR AT — N ERBEARK, @mIRER L., T
AHOMREMNZIEH Lok L7 o =27 AR ELOBRSE & Lo, &R « =¥ — « BREREOMRIIC
FHHETHH LWVEAIRIZ B LI-FE 2l L QN 5, AEEIL, T o — F OB x
X —EERABAN ORI A B LIt 2t 7=,

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

2T/ > — NI, @B - A A UBENE, R, EME, A & RO S TR EL -
R S TR AEORBN/IG S, =L 7 bo=s 2 BEE - TR X EEER B ORKE
FET L —XEWNE LTORT oy Ve BT 5, LnLaeRns, {EkoF /7 — MEITIE, IR
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3. ZEXR

1) E. Yamamoto et al., “Free-standing molecularly thin amorphous silica nanosheets”, Small 19, 2300022 (2023).

2) K. Hagiwara et al., “Molecularly thin BaTiO3 nanosheets with stable ferroelectric response, Adv. Electron. Mater.
9,2201239 (2023).

3) S. Ando et al., “Facile synthesis of Pd nanosheets and implications for superior catalytic activity”, ACS Nano 18,
461 (2024).

4) L. Nurdiwijayanto et al., “Thermal and chemical phase engineering of two-dimensional ruthenate”, ACS Nano
17, 12305 (2023).

5) M. Kobayashi et al., 2D bismuth oxyfluorides: a new member of cationic nanosheets, Chem. Lett. 52,449 (2023).

6) H. Tsunematsu ef al., “Gigantic thermal shielding in 2D oxide nanosheets”, ACS Nano 17, 11396 (2023).

7) H.-J. Kim et al., “Ultrahigh energy storage in 2D high-« perovskites”, Nano Lett. 23, 3788 (2023).

8) Y. Shi et al., “Automated one-drop assembly for facile 2D film deposition”, ACS Appl. Mater. Interfaces 15,
22737 (2023).

9) Y. Shi et al., “Damage-free LED lithography for atomically thin 2D material devices”, Sci. Rep. 13, 2583 (2023).
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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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3. BEXH

(1) T. Haruki, S. Ando, T. Yagi, H. Amano, Y. Iwatani, K. Takamure, T. Uchiyama, Particle Collection
Characteristics of a Prismatic Two—stage Electrostatic Precipitator, Proc. 12th International
Conference on Flow Dynamics, 2 pages(2023).

(2) Rt EKRER, A vEHE KU i, UK i, NI mn3E, SERGEEEm A b OB KRR E O R 1
TR, BB 2023 EEEAEUCOREY, 0S054-05 (2023)

(B R, AL JEKER, WA EEE, FFH2023-176313 (2023).
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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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ReD 7 = ) — VB Z AL, 2 MPa & #8 2 2 BRI & 80% D IEAEZATE 1> b [ T~ 5 Zeiik it 2 fF 8 b D 4F
B R (ON— RZFiRME) 232 i sniz2, o8 7 =/ — VERIX, |BE)ORHE< TR
WM EEZAT D b, BIE, BHEZ CIEMERE 283 2 AL HD AL AR E e LTEIZHW L
TWEF X U RERMEERET2ERMEIE LTHERATHL EEZ NS, LnL, EHROZILE T = /
— VRIHB XK MED @ < 20 ARRBIFPEICZ Ly,

AHFIEIRETIL, N— B2 AT LB 7 =/ — RO R EEHRILZHIET 2 Lk, £k
BRI Z I E &S ToNn— N7 = ) — VB2 LA = Big Lz, £/ ~—& LT3 5 resorcinol
> —% 3-aminophenol (3-AP) IZfBH#A 425 = & C. 7 I ) aEET D7 = 7 — WIS IR E (ERL L 72139,
/N— RZHR RF 7 /VOBRLAEEC K 3 REB AL ER ATz, 26 OREHI W T, BEUARR~DRIEIZ X
He RaXo 72 A NPT HERER 2179 2 & T, B0 21T > 72,

2d-hexagonal
mesopores

I N
—— Hard!

80% &
e N

Press = Release

2. IR
2. 1 7I/HEBRI/—IILEELSHKRDOIER L HP4FHETE

BEHR D/ ~— Rl 7 = ) — VRHIEZ AR DIERL Y 1 2123\ T 2, HFIEIRH @ resorcinol @ 20 mol%
(20N-RF) ¥ X140 mol% (40N-RF) % 3-AP ([ZEHLL T7 X/ BEW T =/ — VBIIEZ LR A ERLL 72,
RO REEZITH 2L T, ZhbDE
BEIE O HREIR D DBEROZILUE RF 7V
WCHEPOMIMEEL AT 57 =/ — VR
SR EERS D 2 LICkEh Lz (Fig. 2) o
MMz T, NFRBROMERNG . RIEHETRH R
T 350 °C THEMLEEAfiE L7~ 20N-RF }5 L O ' s SR
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AT GRS CE S SN g LR G2 FLIE (20N-RF + 40N-RF) 0 HIFLHER.

P-49



|\
B ﬁﬁj’%ﬂ%%iﬁ%% — Research rm

Research result

2. 2 N—FEEHZAERF ¥ILOREHEKIE
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(1)—G. Hasegawa et al., Hierarchically Porous Carbon Monoliths Comprising Ordered Mesoporous Nanorod
Assemblies for High-Voltage Aqueous Supercapacitors, Chem. Mater., 28, 3944 (2016).

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

(3) T. Kokubo ef al., How Useful is SBF in Predicting in vivo Bone Bioactivity?, Biomaterials, 27, 2907 (2006).—
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Synthesis of porous ceramic particles via phase separation strategy
by Tomoki TAKENO, Ryotaro SAKAMOTO, Kazuki NAKANISHI, OGeorge HASEGAWA, and
Takafumi YAMAMOTO
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BAFIHTHZ T 8T 2 v ZRRF DL
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BRIIICIE, IR rE 20k 0 ERL L 7= n—
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HATHDZ ENMOLINTND, ZFUE StFeOss X127 A A kN ZEARL 7D CO B LAkIEAE 2 F4 L 7= /5 5L,
BEFEIC L 0 ERL U 72 StFeOss AR5 Z &2 K V15 57 SrFeOss By & bhli LT, 472 CO Ea{bfik
WREA 5 2 ERMERR STV D 3,

ARFIEFRETIL, Fe O— & R D nE CTEML LIZZIEX0 T A DA N EHEERk 2 ERT 5 Z ik
0. BRRUS A E A S L S, e A ESE S 2 AR L, BRI, a7 2 b A1 RIER
REIR DA RaH—F v NEHEERRL T DKAERICBN T, HBEERICEROTHEZ N2 D 2 LT, Hx
7RI R M EVE LTz SrsFex(OH) 2 Z KL - OB R AT > 72, T D%k, BB L OEIFE E LTEL S SrCOs »
BPFIIH AT O 2 & T, ZHENa T AT A MR 2ER LT, KBAREHEZZLSED 2 LT, BiBRAE
A KRBT =Xy MBI Dk et OEHE &R TERE DI 2 34 7,
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2. 1 A FOH—F*y FRIBRADKEE R

Fe, Al, Cr, Ga Ji & L CHABEAL KT 2 -T2, BRx 7o b3 C Fe LT 508 (M=AL Cr,Ga) &5
T AR AR S, BERTHUSHEBRLANS ISMNaOH B2 452 LT (B) AKBE(LH DI
B 245 7=, Z U St(OH)8H20 % Sr/(MFe)=2 DE/ALTIZ, IBELTEONIZAT Y —&24— 7 L—
TR 210 °C T 24 REFDINEA U 72, AR 2 i DAy BEC L 0 B L, ZRB K TUEAH%. 60 °C C 24 IFfH R
BEEHEToA Kl —xy MR R A 157,

X BREPTHIE OFE R, 10 mol%? Fe % Al, Cr, Ga ([Zi&#: L TERL L 7230EHZBW T, A Kb —x v b
DOFEBEDHDERR STz, 26 OB ERAE FBAMEE- TR~ v ¥ 708 (SEM-EDX) #&R % Fig.
2 12T, BRBHIIB W T, [AEROKENIZ L V5645 StFexOH) A KR —Fy 2 EHEIOZER
+ CHEEERE LTSRS O N ER DD, ERRIERB L E Sum TH D Z ERERTE S,
Mz T, EDX ¥ BT OfERENS, ZNENORIFIZ AL Cr, H LT GaNEENTND Z &R
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2. 3 RHREBLEZAERATIANACZEARMFOBREREED

% FLH StFeOss Z I ARL T35 L O3 FiEH O & ?ﬁ&m:ﬁxw I T T ' l
£ FETERKTIC VT, MER-FARE (TGEGA) 4 @ L mz=32(0)
BPic & 0 SR N ORERAFBEWAIRERE Fig 3 S : il ——_
(R, BRETS TRV RT A A SRS | STFe0ss /—-....._’\'
ROIRECHBELME LIZCD, RuuREWRLITI LBE  F o :

OHHBIRREE NG 725 2 E NS5, BEHICBWT, < |AFe=1/9 PPt
StFeOss B 7 A% A F 0 Fe & ALICEHT 52 LT, ~m g etk -
TABA MARERILL, BEfhE ZncEs 7oy & |(Ses Tl /"‘”L

L IA MENORRHEEA R - 2RENEL R £ 'E;Z/Fe_wg
NEESNTEY 4, Fig. 3 ofaE 8425, £/, Al#E 200 : ?460 ' 660
ks KO Cr AR O Fe R BRAATR L I X R E TH 5 — Temperature/°C

F. Ga BHAGRENIR G B (40380 °C) TEEEORAE \
52 LD, MP-AES IC X B BT ORI, srco; g3 ERAMAISHT HAREMRE LO
DERIRESOREICBIT 2 YA SR e RBlgy,  BRSET AL FOSAASHERRT
AlFe = 0.086, Cr/Fe=0.053. Ga/Fe=0.145 & 720 | SRR % TG-EGA Hiiff (m/z=32) .
FHEORBHZIBWTIL, Ga ODEHBEXZFLEWI EBZSoT, LN -> T, Ga BB ARLEE L 72
HEMBEE LT, GaEHIZ K AR DIED, BHEDONIRI & 5 FTHEMENRE Sz,

SEXH

(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 SrFeOs.s Perovskite, Chem. Mater., 35,
6423 (2023).

(3) K. Tamai et al., Low-temperature NO oxidation using lattice oxygen in Fe-site substituted SrFeOs.s, Phys. Chem.
Chem. Phys., 22, 24181 (2020).

(4) V. V. Kharton et al., Processing, stability and oxygen permeability of Sr(Fe,Al)Os-based ceramic membranes, J.
Membr. Sci., 252, 215 (2005).
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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 FezN/Fe at low temperature (~150 Cu,N —d Fe,N d CoN @ N

K), which results in the formation of l l S ‘ Co

CoN/Fe/Fe/Cu (001) via the nitrogen A N \) F
e

surfactant effect as shown in Fig.1. ‘j’ L

CoN/Fe/Fe/Cu (001) was then

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.

101 I I W 4F A‘
- X g/ - ~ | @ /| ——consmo
g 05 & 1 s e
S 5 3 ﬁ__j_:fi// —+ CoN_570
T 0.0 a1 ®eFE —
= ; —+~ Fe,N N /,7===
%, s s — — CoN_RT g i —— CoN_RT

-U. — - 1_———'—"_’_‘ _
S / —+ CoN_570 S Y e

ey —/— CoN_670 /=~ FeN
- T s Sl — —— .
1.0 1 L (0] 1 1 1 1 1 E:
-4 -2 0o 2 4 03 02 -01 00 0.1 02 03
Magnetic Field(T) Magnetic field (T)

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%ﬁ%ﬁﬁ%% — ﬂeseor%‘h&result report -

Research result

S5 1 BRE - TARAX B
T/RFEBICEIREMBE LD D THEMORRE
AR FRBPEL « AT BRFGERT  O/MEIES, FREDIEH

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

1. BARE®

UTNTF I LAV OFRRLT K0 e HEMEM I, @RS, Ak, T8N AEE - REHR IR, &R
B b D720 OfffER e o v SRR R M SN EAM L LCoF AR b > TV AE. &5IC, &Kl
DEMRLLIVE RS, Ny 7T v TREEE OMBEDLEEITZIE, T =—XTHE Lo dmtERERs L & L
THHRBERICHE O T L ZENTE S, AFETIE, MUTICERRD X BRRBRRIMEAEAER LT
BT 2 T, ERMNZ AT 2 RER IR OB A HEdE L 7.

2.1 AESFEEMICKIDIBKEREMEREAR LDV

T4 =TI A MIEATA MZa v b7 X a v =T U RaBESEL 28Ik, KRAT Y —IE T
LHRKMEEA T A SORNEKEIZELF 72 My o WENE Bk D5 S, ZoEEmEE AW TaERK
WA o H =T OO REAMREL (REEY - KR) Ha— MECXDERER e 22 /E L, B
FRYATA MEORB L2 RH L., &5, ZoOREZKBEH T EICEKRT 221280, QCM
(Quartz Crystal Microbalance) &> ¥ —%/E®R L7= (Figl). B —IZiEZSBHZM5 L REZLIZH
KIS TE L HEBHRHEEEZ L->TERBY, 2O —RNT7 43— A MY ET T A Mk H%ER T R
VI ADRAEEEA L DB BmMNEEE R 2 & AR L. FEmES 1L, BUKMED 7 4 —T v A R
XA EAER Loy, ARIFSETIEL, B4 74 MAERROKFZ T 0 A NEZAGEE & WK T OIEMmMES 1
W& ME % DR R OB DS R S LTz

310°
ey
=
- 2.510°
N
r
>~ 210°f
S
~
: e 1.510° |
’l. o~
LV
R 50
b 110° s ‘
(a) (b) 0.001 0.0015 0.002 0.0025 0.003
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 FT/HFCOBELICEDEU YU THRELE REMB DR

Pt F/ B A G E L7 R 1T CeOo ki FZ B S Bt o —2FRI L7z, Zok o —i%, HiE
D CeOx KL HEREN DR Y, REBURRISEMEZ /R LT, £, JRWBESETTEE L GRLKESEH
L oLFEIMFZE, FRFHEY). £, a7 o VR T O v a =T OFEERICE L THLRRE L, =R
FHEDBRACSOSIZ B 28 IR3E OB GIC OV T hAFFE LTz,

2.3 FT/HRFOHEAREIZLEEZPMBEILT 4 ILE—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, BELWERERGIOXIG L 7e o TS, ek, BEhEZICHET AL 21T 5
il Ef; & A AR S, B RIS R A T U —Z a— F LEER T 5 2 & TRl Z2 B+ 5. LW
IREN T CORMAITIIMEHE N L RB N2 EDORN G B D7D, Z U 2 B AY5EE D &\ S sh b EL ik o
BRIIAEHTHSH. AWFETIE, FLWT 4 X —HMIZ A v ¥ 2 ROMHEVE4(SUS316) 8 2 Hvy, 7 1
NH— EIZIE, PM BR(EflfE L L COMBERZ RS20, 77 A<tk z A5 Ni-Pd RO B
M HIEERFI L., 7 2 v 7RIS TOMEICRRO BEEOE W PM i - LA O E L
THHThHD EEX NS, (i, TSR R AT L OB & OILREIIFSE, BI& CReFHIRE)

2.4 F/HF/EMBEEFELLHRETH RSB

TiO2 X° CeOs 72 EDF /R F Z A+ 2 BB LAl ZZ DL Ry 7
AER OB IED BIRVEAAHIRF STV 5. RIS, MR
K ERBRATEED & OEEHB OB T 0 2R L b, fBEER O
FKENIT T 0 AN DB, T/ RO, ZhESOE
REEDIECHRGAN RE COMBEICKET 5. 22T, L0HlES
NI BRI D VR L PERER B2 HEE LT, MIBESR0EM (&) ki
SYHARFFT B BRI A2 T KT AR 2 b OBEIC OV TZ D NOx
B L OMERMEAHT 2 (VOC) HUMBENEREZ FFIE L7z, ~ A I (ER)
DAV H =T =3 U7 b N ERRMEZ A LT TiO-~ A B 200 nm
AMEER LT, 20k, Mhbl, ~A 2HEM EIZ Tio, @ 21K
fED TiO-~ A Wil FRL L7 (Fig3). ZoBAbgticowvw<r  Figd TEMimages of TiOx-
RT VT REHURHE R TR & 25, SRR T TR A2 EREZ R L7z, mica composite photocatalyst.
(—#&6, BORERZER & OILFFSE)

2.5 BEHATIAMNSFEELI-/KRRENE - HRECHEEH

LB T A ZresPdss lTAK BB 2R S 720, ZREFME LT EAEMIIE R KBRS 2 RT. 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 CKBRIRREOHE KPR OND LW OB MR H 72, Z OMEID 800°C TEVLELZ1T - =3B T b A
W Eh & s LLEMEICENRTW D, 26 OFEN PAO F1-Pd & BMEEAFIZ L D Pd 0B ZiO2 AR D
MBI NTVWD Z ERNbhoTe. ZOX I RERA T AN LFHEE LI KFBFHREM 1L, Bodiak
F o WO R AL, BREKE O - SERE, TEMEROG T A O & L T 2 X — 0B ORI T & B ATRENE
WhHdHEEZTND., Fiz, Pd DHREOLZENEZIEH Lo LA BE~DIE IO OWTHRFT LT 5.
(BTN & o IL[FF9E)

3. BEXR

(1) M.Ozawa, K.Kosaka, M.Hattori, H.Masuda, “Aqueous slurry coating and fabrication of QCM sensor by
zeolite/cobalt- phthalocyanine ship-in-bottle powders”, Journal of the Society of Materials Science Japan, in press.

(2) M.Ozawa, T.Hattori, M.Hattori, Y.Majima, “Fast and slow reduction behaviors of CeO2 nanoparticles by H>-TPR
kinetics and electronic current variation”, submitted.

(3) M.Nakamura, T.Minami, M.Ozawa, “Fabrication and evaluation of particulate matter purification filter using
plasma-sprayed catalyst film on SUS316 mesh, submitted.

(4) M.Hattori, M.Ozawa, “The chemical state and Cu+ stability for three-way catalytic performance of Cu-added Al2O3
catalysts”, Applied Catalysis A, in press.

(5) M.Ozawa, A.Masuda, M.Nakamura, M.Hattori, H.Kato, “Soot-combustion catalyst of Pd/ZrO> composites
prepared from ZresPdss amorphous alloy by oxidation treatment”, Jpn.J.Appl.Phys. 59 SAAC06 (2020).

(6) /INEE, F5RE2021-052955, "k A b L — UM B,

P-56



ey Al
ﬁﬁ‘%‘:‘ﬁ%ﬁ%ﬁﬁ%% — ﬂeseorgih‘result report -

Research result

OrEF L BREE - LR AR BT
&7 =F U REL GO
AU EREARNEL - AT DT O/MSE, LA, RE%E

Development of Mixed-Anion Compounds
by OMakoto KOBAYASHI, Eisuke YAMAMOTO, Minoru OSADA

1. BARE®

BN R B 8RB D @ EE b3 T OMEERIT RV, W EIRRZERI OIERDRO ATV D, EREE (REF
BHZBW I ZNE T, etk s Lot Do EBIRE M Th., BB N8 R &
72, ZRRFCEE, ELTE & WV o T RETEIROBHEAED G T b, RIFETIE, Rk E %
fMleLT, 2HUEDT =4 2E50EET =4 MbEMICEE Lic, EE67 =4 1bEW T, k<
1372 L 2 e VDB SR B E NG OND -0, ZNE TICAWRRERE - HEL L OFNCRERNT 5
WREZH T D AREMEN B 5, AFEEIL, (2.1,22) BEAMB L0 7 oAb/ v — b OAERK & BTG
fli, BELO, (2.3) FrERREUIEREZ AT HBEM ORISR % Ll L=,

2. MR
2. 1 BEEFIVF/O—bODNRRIS=TYVY

JERIER L EMOHBEIC L VG ON DT ) > — NI, T LV OES RO ZIRGTTHEFCH D | 1t
KDTF B LT A BT R T A L THER R TR IR RS TV S B2, TIE TICHE S
NTETF /o= O FH T =4 MW ThY | HET =4 F /7 v — ORI REFEIR TH -
oo BALTZ ) v— Nid, BRI/ o — FOR TR RKOFEREZ TR E, MOt Ez a3
D2 EDMBIRIASAIER STV D 24, HET =F Mbobist e LTUIZNETIZ, BikF2 o7/ o—h
DOHEMETH 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, FFEIZ L0 ARk LT CsisTisOnH0 % 7 =7 il ., 1073 K THERT 5 & |
Ve N7 at A MUTFZ BB~ LB Lo, INEMECRIEERER IR E S HBEZ1TS & JEA 1.5 nm,
FEIE 1.5 um x 0.5 um DOF / > — b 3G 572, Nls XPS A~
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 MANLERBEZIED D & BBFRITH
LT 87 IZERMNEAINTEY, fERED 2EL Lo%EHR
BEALTEMETZ T o— FnfEoiz, EFREANTS
) — N DOEFEEICG 2 DEEEZHONCT H72DIT, b
WEAIEER X OWOLE T iEE2 W IcliEFHd KOs
BKOIREEE DL ZITo72 L 2 A, itk 53 ¥ ¥ .
v FORE L, NI DOFRB LT =L RO 72 4 2 o 2 4
H btz (Fig. 1), ZAUTZEFR N2p BWuBEAMlE 7 & K —% Eneray refaiive fo Fermi energy /e
WAERLEZ LI 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 BI7ytWROTRAAS +F/o—FDER

7 o fbmid, BREEENRKO 7 vHEE2GLZ LD, BRLEH#EE2 L5, LLanb,
7 AR T ) o— FOBNEE 1TV, T2 TABIETIZE T, B ¢ 0T ke 7 A0 A b
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 OIEREZ I > 7=, BEFIEIC XY &6k L7 CarsSt)(NbiTa,)206 & RbF
EOGEICHEZEEE 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 T ——
R THE SN DB DR E 2R E & L TEem 6 20 0 Wavelengthiom 0
ExATO & TP BIE STz, HERILEW TIZRERDHE  Fig. 2 Absorption spectra of St(Nbi—Ta,)2O6F
SR I N oD D, ) v — Mulc kv g 4% nanosheet colloidal solutions.

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

o

Normalized absorbance

2. 3 BELVMICETIRELGRRBORR

Fr 7R BRBE S E T IE 2 A 2L OB I, 2

TICHEEOF B EDEZ R L C&z, £ofhTRIELE
CassxY3-Si7015::Ns— TR IFLHEEEY 7 IR0 & L THRE
T5 CH A LIzE 2 A, 2HBOIIEHBIE SN, Cei'D
FEINL, 4-5d BB LD HDOThH D7, FIRFEITRNIBR BRI
ML T D, ZOEWTIE, Ca¥'e YW T 4 A4 —%
~szo@ﬁ4h%£ﬁbfﬁb\::Vc@ﬁ%@fé&%
b, L75>L7L£75§%T%ﬁ:*£f‘ﬂﬂﬁﬁifﬁ —JHBREE N S
CNI—H DY A MUTEHL I NN LIRS, %ﬁ*"é,‘hé
%%ﬁ\£&620®#4b IZEB ST C b DRI L LT
B TE2NT L vbhiot, H-REASIC LY, L0 R o0 o2 04 0s 08
HEIE O Bl (OB A MRS 21T 9 & | PRI EMiZe ¥+ &~ Fig. 3 CIE chromaticity coordinates for
ThoTh. BFTHICR: BB NEIEL T\ = & RS emission spectra of Ce-doped samples.
Nz, TROBAAW T, M@EMCEIZRY A b CTho T2 & EAT 5 O IR B bR
DAELT, TORR, C&NHO 2D ANBR SN L VA D, TOL ) RFFRLREZAT 52 LT,
AMEAIL, CorH—IFIOLAL LCHIDAEILEERLE (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
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Development of high-efficiency thermoelectric conversion devices based on spin caloritronics
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Development of Large-Scale Integrated Si-CMOS Micro Thermoelectric Generators
for Energy Harvesting and Sensing
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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 [S5] 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
pum, 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" jons/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/AlICu /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-AlCau, 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"9_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 pm 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 (Vo.2/4AR): A is the device
footprint and R is the electrical resistance, was improved for
the shorter Si-NW device despite the lower V.. 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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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. AREH

MR RFATE R oo an F o A4 VA EIIEIL, BRESLED LICKERFI ATV EER T, VA LA
JRYEDNRA Lo G E, sl W i Z2 TRE L L, #EE - BFEIRE~OREL R/ NRICE O D 2 &
WZEBRT D EANBAFE A RO HAL TV D, MFITHE - VA VA RKEMERZE T2 CH Y Filan v
ANVAZH L THEENTH DL Z LN ho Tnd, SORETIETA VAL 4 BN E LiEEZ R c&
NI ENGMNoTBY, AT UL ARE LB LT 120 LFTORMTH D, REEELED ABfknsd K7
) TRFETY LW o BRI 2 —T ¢ v Z a2 & CRYYESL R IO EN I TE 5, SHlc
A MR EORFMEOBLE G B IEENE BEEREDOR T —T 4 ZHTNKRD TN D,

T ZTCHA OFEETF — AT, HEPBER L —F —% v LT v — A EmYEREE 2 VT SUS304
B B~ DRI D B IEFE AT E D A A T E 72 13, H AR U — B — TN 2 IR Eo b —HF —
Thb, v NVFE—L2ERIBEETIHREPENOMB L, EEOL—F—%FE» LR 2 2 & TEM
DR Z e/ NRIC B O T2 2 B Rk & EBL T X 2B HIETH D, T E TR I LI R ~D AEL
EIZEALTEHRE L TELR, ZNDE 1 B — ROEBEERICEDL AR TH o7z, TD7D, JRWEE~
O a—T 4 T HFEBRTHEOIITEROE— R CERRmE R D L)L —F—REEEZ2HEL., |
E— RO E OFBIRFEDENZH LN T HLERD D,

AFRETIE, 18— REBEOEK TIIAT v VA LSO BEMEHES L b N EkeE— RToa—T7 1>
T RBEDIERIC BT e — RO&ER > 72 B3R Lo RFEMEHES L b RICEB L, ATV L AL
A CIIBMRE RO, BIEE WO T RERKRE S BArD, Z0) 1 B — ROEBEEZART DB L [F
—DEMTIER LTz a—T 1 > FREBEICIIZER AR A URBESEME T T2 WO MERH -7, Lizdio
TIRWHEFEIC G 72 2 —T ¢ o 7 AR BT DX M A MR & [FIM S IR O LN EE R R 1 L 72 5,
T TCARMFRETIE, B — RONERDLIEHTOLBEWENMET T2 A D= X L5 LEWE CRgRa—T ¢
YO ERFERTLHIEZANE L, B — NHEHC Y T T E T A —ZICEREIT T,

2. ERAZE

FBREEE OIS N A Fig.1 (2”7, &K 450 nm, R KM 200 W OFAEERL —HF —F T 2 —/L 2 B
SBHE L7z L= =27 7 A R—=TEEL L XTI AICEE L= (Fig. 1(a). AR v MRITHEAEE
T 233 um & L7=(Fig.1(b)), MM RITH RSN D Ar TATHGE L, T~y o s XL X 0T
FUCHHE Uiz, AT —V % xfiihmic Ny Fo ZHEEEE BB S H . y B ~O Rk 2 g0 iR3 2 &
T 15 mmX 15 mm OFEPAIE 2 —F ¢ > 7 &{To 72, ©— RHEEHE( > F o 7 BERE) & B IRSECHL & | ZEB
FHRYOBRZ I ST 5720, L= —DH 1T 160 W 2, f@5E#E % 50mn/s IZEE L Ty F o 7R
BEZ 110 pm 72>5 310 pm FTEAL S W72, A L7 Mg K O FERIARIL 21 um TH Y | IITEN S O K
G % 50 mg/s ICEE L7z, HAITIE 15 mm»=15 mm'x5 mm' DK E X0 SUS304 AR Z A L=, kL
TR I~ A 7 ad oy 2 —CWim &2 Y L, B - BFE O OB Y FHEMENC X 2 Wrin @l 21T - 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

3. ERHER

il a—7 ¢ T RIEOWIHEIE T HE% Fig. 2 12T, Ny F U ZHEHER@)1I10 um O & & FHRET 6 % &
INEWH DODORIENEIZZERA % <, KEMIA Sa 40 um EMMMOBHLRE CThH -T2, /N> T > JHREEN
(b)150 um D & ZTIFIARFIL 1% Th 0 22 D07 < Kk S 2% Sa 10 wm & 372 & 50 72 BB DN Ak
ST Ny T 7 HEBEDN(€)310 pm D & F(FZER S 72 < KflX Sa S um L TH 72 b DOFAREIT 68 %
EFRNDORENVWE L T2 o7,

REBRFER LY N F U THREEDN/ NS W E M ~DABENARIE L TEROFEA L FEHAINEL 2D,
Ny F U TR R E W E M ~DABGES & A2 D72 DICFIRBEEIN L CRIEME DK FIc >N > T LE
T ENbhoT, . ARER LT a—T ¢ v TR ETOHE « U A VAREAERRERICOW I HAE R
FERZIZCERF TH D,

200 pm | i e 2 — S ' 200 um
; 200 um

-

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. BEH
(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. HEBEH

WHFZ o ERDIRMITRTHL AT VT NE, EHEDO TR ZTELE v TR EHTEY, TOffitk s
PHRITHBEC PR B 2R 2T 5. Flo, NT YU NIEWERE AT LS Z L EREAMEL, R R IR
RPICAEAET D AR B LT 213 E8 K5, ZaUSx LT, SR L —7 Tk, BIRICE
BICAFIEL, Ti OB LR TRAMANICEAT 2 Fe 2848 bxHk & LTEM L7 Ti-Fe 54D\ THFE A
D TE72, BRIFEETIER L Tid wt%Fe 54513, Fe ZHEDZ WV BHLE Fe GARED DR\ afAD
G725 Ti-6A1-4V &4 E Lk~ /35, Lavd, 1120MPa OF[5ETR X & 20% OHEWHH OV % Fia
A THY, Al EDEZRNET &b Ti-6Al4V 54 L A% EOGIRMEEZ BT 5. 2 b5IRRMEICS
WTC, B3k, Hall-Petch OFRBRA, #AM, Labusch &7V EDHALETHXAHV SR TE . Lo LR
O, ZNBIFHETHDL Z L ZAHEE LTWDTe®), ZHAESTHD Ti-Fe G@&~OMMHITRNETH L. £z,
Z ORMRRE T (RESLRifs, B HIEFESR, B HOSMEEE, ZNENOMOME, EMME, ete) 1XIEFITHEHE
THAEIZEZELGY, W1 D2MKF L THIET 2 Z L IIARFETH D, R, ENEND5|ikE
FE~DOHF G2 EEIIEH T Z EXRECTH 7=, —F, ITFE T TS % O TR B O 58 T
PO FTREVER A SAIVTWD[L]. & 2T, RBFETIE, B8 0% - T Ti-Fe A OMBE THlET L
EREE L, INEEICENENOSIRFEZRE DT D E /0N R EEX B 7.

2. MIEEE YRS R A RN N
> SR ENE! o o
2. 1 T—2ty FDEE %;: -%%?:\ﬁ 1400 non=ST

ST

7 BHE RS 2 FUROBERE BB EE L 20% B e £ o
(VAL ER % (1 5) WS ERENN T4 5 L CRBh e R L B ey

7=. B % non-ST #4, #3#& % ST #F & ’E5S. 2577, non-ST
¥ L O ST M ORER 22 &, 2 OIS O3 Ak
B Fig. 112777, (a) non-ST ML a ¥ (BFES) B OB
FE(BAER) AR AR Lk z A9 D ook LT,
(b) ST MR D o/B KGRI & 70 DA 2R LT, SRS
T, FREAEANT 21T o RS R, FESRRITRIEICHF O AT
ﬁ%“@ﬁ)ﬁf:ﬁi B $Eﬁ$§$i&t@ IR Y NN B*H@E Fig. 1 Ti-6%Fe ﬁ’*ﬂﬁké’ﬁ'ﬁ”é(a) non-ST M‘%J:U\
S, ST MR E VBRI H -7, iz, #iRsgE (0 STHO COMPO R & ()T DFIHRATE,
ARBROFE R, non-ST #4113 UTS: 1377 MPa, HEHBiH O 11.9% T - 7= DIk LT, ST 441X UTS: 1164 MPa, fi
Wrf TN 22.2% Cdh > 7-. Fe HIMMEIZEID 59, non-ST #41% ST #F & beille U CHE ICEN S K if, EMEICE D
BRNCH o7, D O - TREMENTIE R A B, B AHmEE, opf FHORERRF £ O Schmid ®-, 5l
EHMBLRINCERZRT D HRO BRERSIOZEDOR, 5 T50FTHEIENINORET—48y b
YERR L7z

Nominal stress, o/ M
S (2] @ 5\
o o o o
o o o o

n
(=]
o

o

0 0.1 0.2 0.3
Nominal strain, €

2. 2 BEFAETILOEBRLBELRTT FAHETORE .

Ti-0, 2,4, 6%Fe [T 2 Lk D7 — 2 v M2 RICHEBTFEET

MEREL, ThEHOT, BMEEEFAOERICERAL TR 2

U Ti-1%Fe (ST)DMRE PRI A4T - 7. Z O HR4% Fig 217y, £ §°

BRAE(R) & TREGRILA S < TBEL TB Y, TRRERE R0 s 35 —
ERGIND. TAURSEOMEERE T2 O TR £ 7 A sk §oo -~ i

L7z L ICBRT 2RI L o/RLELBND. £ 2T, BIC 40 oS

Z W CHRR - DOBREZIT o 72 Z OFER, 51 G O BAERLE, 400 ‘ ‘ ‘
BARTIREE, o HIOREEKE, BHIOT 2 Iy AT 4 SR " e

ST, ZhzaHWTHE, BREEET7TVElEL, ISH0T 7% Fig2 Ti-1%Fe(ST)DR /1O 2 ihifi
itz TR L72OR). T ORET, MK FOBRETE N TRE LS T 7 I L2 PRI R
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<MELTEY, ZOEEDE, BHERANX 70 MPaf2E ThH 7= DITxt LT, ZHOERREZITITH 20 MPa &
Rol-. ZIZT, Zhb 4 o@ﬁ’:ﬂﬁ%ﬁ%& UTS ORRZ A L2 L 2 A, BAHO Schmid K+ ZFR< 3 DD
FEAR IR 1~ O AH BIFR B DM RIEIE 0.7 ZHB 2 2 RV Z 7R L7223, BAHO Schmid [K1- & UTS O FH BRI D #axt
EI%0.03 EHEFITEVMEEZ /R LT, 22T, ZRERWZ 3 DOMAIKN T2 AV Tl EE T VAL,
S IOT B2 PR L72(E 7). FOZEIL 20 MPa SRR 72 3 oL LI b b 5T, RI%EORE
wom Lo, LLEXD, Ti-Fe @ OmMERMET pAHEEER, SlRFMO BAERIE, o fHORMSRIEED 3 DDl
BRI T D Z Wb nE o7,
2. 3 PBHEOAMIEIEERFEIC &!&?%ﬁ%mﬁﬁ
B OTFHET T L OREEL, N TS i
EXT 2 B AR &R oslEHI % L T T
STz, Zhil xﬂ,f ?ﬂk@%ﬁmﬁ” LT,
B AR AE AR ST NU—27 BIZBRL &
nNonZ k%, HL a+[$ “HEETHD
Ti-3A1-2V &Il CHggd L7z, 22T, Z
o B AHOIERENTREREIC R ITT
WL, FIRRICHREE 2 O Cids L7, .

°
=
sl |
-
o
o

Z DR, B FHDO S AZREIZ DU T, Persistent O train P o

homology[2] & i\ 7= & AL & st 7o, L% N T o |

Persistent homology Tli%, A3 kIhs £ fo g

FCOMME b, SONEIRT D E TOMR 2 _ M 2 600 |

&d LR ABHTIL, Ky bU—so T 7| Rmn-oo E - Expermentl dat
YA XERTIREE L CTd, *v hU—7 : — 400 ; "
DFERE & £ HEHE L LC L(=b-d)/d %17 o OO sk

Fig. 3 (a), (b) B _AMHOLR Y NU—2 %5 ?ﬁﬁéﬁi@ﬁ&b@?ﬂkf@
- '—432

i:i [;7; Jﬁ;ﬂj Lf’%?*égjzﬁﬂ ;{fﬁu A% ORGIARAR(-1) &, Persistent homology (Z & % fH kAl
S BN AR Pesivem T (DO LA<025, (3)025 <L <05, (4)05<Lid), -
l;)mc;logy LB Lid O)ﬁ;ﬁﬂi% Hih FONe) iR J1 DEERE & T ]I O BItR & () Btk 732 12

\ \Va VB N b Al .
o & BRI THEF A OIS Fig. 3 1o | (R OPROISTT 0T 2R £ T OTRER

T LA 0.5 ZEBA 5L, WIS EHE BHICL VB ENLTHDZ ER00 5. KT, b)OREHTE
WTHER Y MU= OFERE & LdEICHBER AL, TOmEBFYEZEELZE 25, (@)TIH025 ThH
STDIZH LT, (b)TiX 030 TN TIEHLANHM LT, FEW\T, 2.2 THLMNZI L ZHESDL| iR
M2 SCBL T D ARARIA 12N % T, Persistent homology % HWCTEEAL L= d I8 X OV Lid D 2 > OFAKRIE 1% N
A THMRE B L D BETRET N OMEELRAA T, /i 2.2 L FFRIZ BIC 2 MW T ok 2 SRL 4 254
MR F 2 [FE LTofE R, pAHEFEER, Ry FU— 27 OERE (Lid), o ORGSR RIRS Lz, Sl W
D B FIRLE DRIV 1T Persistent homology (Z 8L VW E&EAL L2 Ry MU —2 OSERE (Lid) MRS TWD
ZERbnG. T EAWTHREFRET VERBE LR, THIET L OBEICHWT23B O TR E
2N train 7 — &, test T — X (TR 597 0.99 B2 HEVMEE RTIET TR, FHET LV ORBEIZH W
S T2 OIG N OTHHHBRIZB W T Y, FERIE & THHEORRZEIT 1SMPa INTH Y, EVIEE TE DI IO
fﬁﬁjﬂﬁﬁ%%?ﬁﬂf%f“é ERNbhoto. LLEX Y, Persistent homology % H\ 7= B FH DA ERED & &AL
X VB ONIMEITIREZ TR 572D ORI & LTHERHTH Y, Fig. 3 1 Lo B FOAGERE
FF“D near o-Ti A& DOBERFMEIT, BHERE, Xy NV —27 OFERE (L/d), o tHOKSERIED 3 O@fﬂ%ﬁk.
RS XL SND Z EBRHL N E o Tz,

3. ZEXR

[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.

B, MEEBRFELLEEICONT, UTORXEREKRL:.

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 MOKUDALI,
Hiroya ABE and Minoru OSADA

1. BAREH

T T 7 EMORBMIZ X0 2SR T MR GRS AL, BRERBLOEEMELE L Tbh s L9127
STWb, £70, 2oefb7e &, T/ MEIOTERERIENCBE 5 FiEfm I L THIA e ThbhTnd, —
5T, AEMEFWEEENT 272, T /MBIOGKR T rE RATRER COREL B L TWDHIEE D7k
<7,

Fexix UK ICER LIIRBRBEAMN R F A RIEDOBFE 217> T D, RS, KEDHREZ G E L
THIAT2AMICER LTWD, ZOMARME L 13, AKERAFEARICEE Uz B -k &K RIS 82 Lz
B CTH D, HLIRESCKBAKR EE2II LD, KIFEBAEE L TESDBR FAT v 7EBICHN S
NTWBEN, LT 7 KPTONTHEISITEESNTWDS, —, KEOFAETIE, Filz20E, B
TIESEH O R 22 R, KRBT 2 BEIREE CIIWEILRSA 4V ORZBR, 72 ERFIHT
x5, L, TNLICHER LRI FARIZIE &E A TR TRy, £ 2 TRIFFETIEL, K& DR mE
G A RN AT 2 Hikim a5 L & bic, AFEREWE 2 A TR O % A XM RE D il f)
TEDLAREMEATIRD Z LA AR & Uiz, AEFE T, BRIR OB 2R Bk 1 2 KRR TN g+ % = &
&0, TR o2 ER T2 Ak LTz, £, BERAmEFAT L2 & T, @B 2R +0ETAl 7 U
—E ik E AT,

2. HRKE
2. 1 KESMBIZKZRBRESABEHFORIR

REBHLSO KR I CARF S D IR 1T, BT X 2 IR BE-Pi /K 72 & D iR St &% €. b 21
T5, 2oL AREFE (F 21X 1°C/min) TINET 5 & AT ADZELTERAlE 720 . 50nm LT
DN L E BT D 2 UERBbRL T MERTE 5, ZAER FIIRERRABEHA T HZ LD, W&
I, FERAOEE, fREHA L LTIRIAS A SN TWS, L L, SiRNEIC X 2Rk & CHIALANEHZE4
% BB RETlE~ 7 v fLE TN D 50 nm VL EORIFLIZIER TEX RWEOBENH 5,

A TIE, KERLXEFEHKA T CTORNREICLY, ~7
=B KAL D B 72 D R BEIRZ FLE R 7 2 A B L 72 [1,2],
MnCO3 D — AL+ DU ITHEAR L 72 BRIRR. 2 G ak L. K
AR AT A L0 AHT TR E IR AR & T T (AR
BE 5°C/min) L7=& 2 A, 750 °C fARFIZEVT Mn3O4 #H
DA L=, £OREEEIZIED MnCO; DERIRIERER K
O A RENFIEHERF L, B TR 11X MnsOs O — YR T- 237
U NIR TN R LT R R G A A L. (Fig. 1a),
ERARKL 7RI 72~ 7 LOVEAE L, S ALETER T : .
137 v & LR LTk OBE TR B) & L 7= 3k Btk o f AL Single patcle T
HEIEDS B RBNCIR S iz (Fig. 1b), —J5, @& O K&

BAC MnsOu 12 135 1 EATBMEE 900 °C &% L7few, (O
HIFLOPAZEPRLF- I DR v 7 JERK (BERS) 238 L IZHELT L, emmsendP I
VB R A LT MnsOg BERSRL 7234 % LT, o ———E s
SATICHAE LT v F Lo —"Chi 1 —Ri 2 e A I 7 Fig. 1. (a,b) SEM images of macroporous Mn3O4 microspheres
and its cross-sectional surface. (¢) Schematic illustration of a

N5 E%’fﬁﬁfi“@*ﬁ% DEW &% T ETHZET N Jiéft%:ﬁ(%?? single-particle compressive test. (d) Stress-strain curve and (e)
LR 1D 7] :—%‘»El\j%lringﬁﬁ 117 (Fig. 1c) [3], %3 um typical snapshots of the macroporous Mns;O4 microspheres.
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DEIE MmO4 KL T IIAMIE I BT L - T )
TPAT D 2 ENARETT, 2 B O EAE B A T
ZEEHLMMILE (Figlde), —H., BN
10 pm OZFLUE Mn;O4 K- Cld, BT 5 2
IR MBHENAE U T,

AL T2 AU MnsOs KL I3 IS~ 7 1 B Fig. 2. (a) Photo of nanoparticle collection from carbon dispersion, (b) cross-
SALEA L, NERITRIEIRTH D Z LD | ik sectional SEM image of the Mn304/C composite particles, and (c) cycle
T ORI LT L 2 5. B2 performance of Mn3O4 anodes for Li-ion batteries.
=R F ) RLA DI LT IR 2 U MnsOq BRAZ RN L, IREV B 5 WIS 27200 T, A—AR v 7/
B3 SR o ZiE ML m B U7 (Fig.2a) . AFRFAIEIC, SFRFE 35 0m O —R T K%
HU D A ATE MnyOy/C AR T2 ER L (Fig. 2b) . UV F U LA A k&M (LIB) OAMRE L TOMEEL R
itz 2 A, A7 VZERICENmARARSE UTEET 22 L2 A L7 (Fig. 2b) [4],

EER DO~ 7 KIS 2R D MIAE 2157 L, BUE, BRI LIB 22H 0V F U LG JREI A~ H %
D TN D, TEAN D B OEPRAIL T LixCOs/MnOs AR & L MFS 5 2 & T Mn SR IERRL -~ D 2 i -
BAMZRAL TS, AT, ZAEROBEMEHME b IET L T D, ZAVERMERL T &2 W2 AR 10
TRAECRERTHESE . N A A - RSB A~OISHIZ AT 72 B Ml A2 D T D,

g

Mn;0,/C anode

g

10 20 30 40 50
Cycle number

Discharge capacity (mAh/g)
Y o 2
8 8

g

-

2. 2 ®EF/HFOEREIT)—EK

AuR Ag T RIS A - ERSBICEB W THL AR THO O TRBY, A% LBENEEL LT
MEND, L, ZNHOEKRCTHEH SN ECANIEREAM DB EWE W RERD D, Z Ok,
RITHIE AT D AEERBIAER Y ~—% - FIES1eE el 2 &< A Lk GEeAl 7 U —8ARk)
[]DBR EHED T D, BEICB LT, KEKEERO R E2FHAT 2 5iE2RA TS, RELHE T 7
AB = A XD T S8, T A AWRICK DB SEEZR T Au T/ b2 5558 TH
Bo ZOEMIET N, BEIRMHEICEM LT WIS 2 2RI U CREE L2 /5 R, SGZIZ Au )/ kL1
Dan A REEBE S, T OWIRIE Au T/ B OJRjFERE 7 7 A€ B L0 Rz 2 L7z (Fig.3).

Absorbance [a.u.]
Intensity [a.u.]

w w . _“

300 400 500 600 700 800 30 40 5 100nm
Cu-Ka 20[°] —

Wavelength [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. BEXR

[11 /NEFEIL, ZFUEERIRER LRI e O ORE 51k, F7BH2019-48733

[2] T. Kozawa, Preparation of macroporous Mn3Os4 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 Mn3O4
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 Mn3O4
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

HEE
ARFZERR RO —E L. 6 K% 6 WIZeiiE#E oY e s b (EEE - S Yy — A A ) _— g
MEBIEZ vy b, DEIEMA) B X OBRBEMIERAHEES (20211R04) OB A1) 77,
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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 MOKUDALI, Kouetsu OGASAWARA

1. HAERBEH

WEA 7T MEIAERMEZEE L CHWOLND T NA A TH Y, o OFENIZITMEREN 2 < fFET
L7, MEOMHEICLDEIED Y A7 |IZIBESND, ZD7D, MEOfE R L OHEGE D B RS T+ 5
ZENEBETHY . T, ARFESOHEMEM G IZAZTH 5,

BT N—TTlX, WRA 7T PEIAD TiO, 2—7 4 U 7 KD PEMA G12E B LTE 72, TiOy X
nBER L LTHHMBNTEY ., N REy v I3V FURICE N T 3.02 eV (411 nm), 7% —FHICE
VT 3.23 eV (384 nm) &, FRAMSEUV)DO B EIRICH Y 35, UV BHIZ X D IEHERFFE(ROS) ThHh H A —/3—
FXY RT=F (00t Rudxv T Uk ONEAEKRT 5, EHBBMITEWVEIIL 2/ T 5720
AR 2 e b o g L COEdR S &, PLREMELZREBLT 5, 772005, TiO, OEABEYEMEAFIHT 5 2 & T, Ll
WCE VNI LTz & X ORPEMEZRILSE D, A v F U VAR EmHEHETEZ 5,

—J7, TiO DEMRISHICIE, EERICAEZ UV TldZe < Al B W RIS M 2 78 3 sl 182 b s
BEVEDBLE D HRO BILD, TiO, ~DOIEERICHEIIC L 0 ME - B AMEN 2k L, N R
Xy v TIPRE S ARSI BAL N A RE L 72, BT NV—T7Th, FH—FEFHE L AW -2E RS KIKE
WCEESWE R RE Y v 7OEBEHEICL Y, 7F 2 —BR TIO, ~D R #E « EHRILTMMB AR RE ¥y v 7
WRICHEHTHDZEERALMNILTER L, EBRIICH, AERH Ti 640 BREBERLIEIC X 0 REHRM
T H — BB TIO, & fER U | YEAEENED FIE YIS B LIZ T L, AIEOE RS T2 2 FritE o 58
EHLMNMI LT

AFRETIE, WINEHEE L TORFBBIOERICHER L, BEEBWLIESORSEA Sy 2RI X D IR -
EFILIIN TIO, BAER 7 m B ADMF 217> T& 7z, RMTIEX, —fHile LT, BB bIEIZ XD RHE -
ZEFILUIN TiO, D VE s JOVIHEYERS FIC BT AU DWW THE 32 3,

2. MERR

2. 1 ZERBEEBBILECEDRFR - BEXRHFMTIOED/ER 3

SRS T3 AR % 2 (CP T, ¢12 mm) % Jefik & LCTHY, Fig. 1 \ZRT BRI 21T o 72, 5B
H & L TNo-1%CO ZFSHIZT800 C. 1 h DRE(ALERE L 5 B H & LT No-1%0, ZBHA 12T 700 °C,
1-6 h OE{LALER % fii L 7=, Fig. 2(a)lZ%F—BePE H 4. Fig. 2(b)IZ56 B PE A D XRD /¥ — U &9, HFi—
BEPE B CIE TICN,O) DI R S 4Tz, 55 B H 7% Tldk, WM ORFRFHEIZIB W TH /L FILHEFAT
& o7z, Fig. 3 (25 Bl B AUHERF 2 20 S & TR U 72 TiO I oD i SEM 1 & 79, ALBLIRF[#] O HEANIZ

PEOBEEIIHEM L, 1.0~23 pm F2E TH o 7=, 728, TiO ENE L OFER & DR EIZR A RO L Tz,

B BIRIEIC K B TiO, B & Bl & DFE T 2 WE LR, WINORFICB W THEA /11X 60 MPa L E
o Uiz, FRICEEE OO EREFALEESEIC B W TiE 70 MPa 2 B 2 2 8% 1124 LTz, ISO 13779-2 |

BWCERBAT NS A~Da—T ¢ v 75 E—EpE N = B
JNT15MPa Ll EEHIESNTWAR, K7 rtk A SIS N;119CO S <N 1%,
TYER L7e TiO, B Z O L 0 b Hoyic o T, = oo

B HALERERR] 2 h I THERL L 72 TIOL IO NaCl 2 Ti(C,N,0) i N, C £ TiO, i

R DIRFE R L OVERORRE A XPS (2 THHT

L7 3% Fig. 4 12R7, KIORE#HT A /N & R

ThHY KEANPOERTEA~DRS ZRTHDOTH  Fig. 1 BEREBWRLIEIC L 5 R#E - BHEILIFMN TIO,
Do BRRONEIL TIONTI REA2F L TWDE, £l BHER T ot 2 o™
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MICIV T, RE, BEOPTROBEELAR @ Gemetenoy|  |[®.,, [cre)
WEEI N 80 5 2 & Wy D, — 5. FEERARD i
DIXRFE - gﬁ@ﬁjﬁﬁﬁﬂjéhto ERAYP) __ﬂ ogpg % oo
H, A7t A TER L TiO, BITKE - % z z 7o0.C.8h
SOV LAY outer J & i - AN HE
SH7z inner D "JEE A A LTV e, 0 = < [rooc.z
TR, WP OF B BRI B T e o s
BWTHIER I, = = 700°C. 1h "
TiN (JCPDIScalrd no. 38-14J20) . ﬂ . I:D L
2. 2 TWHRIBHETICESTHHE T3 TiC (JCPDS card no. 32-1383) Rutile-TiO: (JCPDS card no. 21-1276)
ARG T2 31T 2 HUE ML JIS R 1702, L S [V P
JIS R 1752 35 L TV ISO 17094 1 HEfL L 7= KI5 o o

ERHWIT T AEEIBEIC LV L, I
HEH#EE 10% CFU - mL™' (CFU: Colony forming
unit) D KIGE#E % 5 uL £&7E L(5%10° CFU), &
DENS I N—T] T AW HIEK & R L % _ i Resin
B SHT, TOBEBZICHEE U B E IR - et ashd v
(PBS)HIZ T, KIFWEAEIL L7z, Z D
& X DA A IIEREB(N) & LTc, 3 —
T A ERR 15 53 O AR (400 nm BLF
OWEED v L%t o, BETRE 15 Fig. 3 25 Bt H PR (a) 1 h, (b) 2 h, (c) 6 h (2 TIER
mW - em )b L < IZMETERiE %, Lt e mgglc L7C TiO: B Wi SEM £
RIGEE IR A [ UAERE R ZRE Lz, 20k 10 —————————————

Fig. 2 (a) &5 —EtM HALELRS X ONb) 25 B H LR X
JGIE D XRD /3% —

EDETNLNOEBEEE Nosy Noae & L. FIIAEEEL Ny © =
Bt L7l 2 RS LA B 2 LT (1, 2050 A TRl L 7. Eff TiO2! ]
(THDERRS TR AR B0 = Nuis / No (1) S| ) . |
(REFTRE N B AL AR B = Naanc / No () i m
Fig. 513, #RBOAHUEIRE b U < IEWPT#FE % O ﬁ4_ |
BAILAEREBE R LD TH D, u\fnméﬁﬂa:j@b\f%\ 2 .\.,1 0% 2t
REAT CORER TIIBSAEREEITIZE 1 TH Y | SN 22 pi&;#ﬂ
JERE UG RIC kWVC%IjﬁMﬁLTb%MA L R f{;‘“':
ALTWD, —F, AIERS T CToRiE ik, —BRH 00 5™ 0 15 20 25 30
JUSBIS] 2 h OREHC 50\ A BT | RS LT 35 IyFIER—, t ks

A E T bABRENR LN, T7bb, &
HCHERL L 72 TiO, I Al ARG BB B D R BB 1 2 3 B4
BT ENGTIHhoT,

Fig. 4 55 " E:FEEHBRRER] 2 h IS TERLL 72
TiO, D R 3 « 2238 DR S JFIn) 5 A

1

3. ZEXR
(1)  T. Ishikawa, R. Sahara, K. Ohno, K. Ueda, T. Narushima,
Electronic structure analysis of light-element-doped

* %

anatase TiO» using all-electron GW approach, Comput.

Log (ZRMILEEEL, N/No)
|

Mater, Sci., 220, 112059 (2023). .
(2) T. Ueda, N. Sato, R. Koizumi, K. Ueda, K. Ito, K. L -

Ogasawara, T. Narushima, Formation of carbon-added _ob EE? *éu“‘ )

anatase-rich TiO, layers on titanium and their P P

antibacterial properties in visible light, Dent. Mater., 37, mw m

991-1000 (2019). 3 e [
(3) R.Koizumi, K. Ueda, K. Ito, K. Ogasawara, H. Kanetaka, 1h 2h 6h

T. Mokudai, T. Narushima, Visible-light-induced — ERPE B AR ]

antibacterial activity of carbon and nitrogen co-doped Fig. 5 %45 " ELRE B LB CERL L 7=
rutile TiO; films, Thin Solid Films, 780, 139944 (2023). TiO, D REFF A E 35 L O RS T i B it
2 HRSAL AR B p<0.01)
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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. IXEW

FRRRIE & 1E, A4 > % — v A % > (Interleukin: IL) -1B, IL-6, AEJEESER 1-(Tumor Necrosis Factor: TNF) -0, 72
EORIEMS A " IA v Z2I 707 ) TRGWT 52 LIk TEL D, FHAFER(CNS) D5 I D% 1
bTH D, EHFEFITL TV D COVID-19 Tli&, JHK T A /LA D SARS-CoV-2 D—HAMMICEER AL, 7 A
FaH A b E OB L THRIER IS A E T L, MR R x iR R A 5| &k Z 9 AT RENE
WD ENRERN, WW“V@@%&%?V%%LTM%
ﬁum&%&nt%@m%%%mtmwm+d: RIEVET A MU A v E2ETefkx b B DR >
N — 7 OREREICRIETEEL T VLT D, nw~ﬁ@%%+f%é ARG TIX, ~A 7 afiiikT A
AHEFIFA LT, BELEMWRER Y NV —27 TSN HIBEI 2 S ZHIR L, AROMERRICBIT 256
G LT, BT Y 2 — UG A2 LB L7z, £ LT, COVID-19 BFIZB W TP EEN K LEIMNL
TeRIEVEY A DA U THDHIL-6 ITHER L, BHEMICHRER Yy N =215 2 5 EBETH~T-,

2. HREAR
2. 1 AN E—UBBIZLLHFDENA

Mg 2 —=2 TRHO~A 7 afihT /"4 A%, R Y ¥ A F /v ma %4 2 (polydimethylsiloxane: PDMS) % ]
WTTHEATHFZE 2 ERBRO FIETIERR L7z (X 1A), TV a2 —id~A 7 uF vy R TR L, £V a2— L%
AR T 2MRBEORZHBE T 27201, M LWORRD 2 /X% — (wide-modular network,
narrow-modular network) &M\ 7= (¥ 1B), HIFIEE) O LHRICIZHE e R B O R S o ry hU—

77 (homogeneous network) % AV 7=, IL-6 [ZE5HHZ 10 ng/mL DR FEC 24 BRI S- L7,
(A (B)

X (um) y (Hm)

Modular
| (wide-channel)
Modular
(narrow-channel)

75%¥14 54+091

4.2+0.33 | 1.2+0.04

Homogeneous — —

100 pm  m—
1. EER, (A)16 EY 2a— LV EFORBEHNEY 27 —Fy hU—7, (B) EVa—LATHEL, v 7
0 F v RANICHRERE AT =2 — v OB, k3 K0 s,

Homogeneous network ® HFEIFEN TIX, *>y NV —F7 =X K (R NU—TNOD=a—a DK %8
ZIATEMRIEEI A N 8 BELSRLND, ZREHKELT, £EVa 77—y NI —27 TED L HITHE
BNRIET D0 E D720, 54 20 B BH(DIV 20) % TOEMTREIA X2k O & B FF I 0 2810 % 5l
L 72, Wide-modular network CiZ DIV 8 & THUFEH CTHEARI 2L HIEE) A~ b G RIIA N M) 34T,
DIV 12 IRy hT—2 N—RA h~& 7 h L7z (X 2A), Narrow-modular network Cid DIV 20 & TH %y
R~ b23FEfe L7 (X 2B), Wide-modular network & narrow-modular network % Homogeneous network
W26 LTy IEENEEE O A Z I FH 65 ~ 93%E 74 ~ 98%IK T L, F£72A4 X b OFEH L 9 ~ 44% &
-19 ~225%EE L 7= (K 2C, D), F 7S EhOMEIMEZ T L7z & Z A, wide-modular network G DIV 12
PURECIEFRIARBI A 0.9 (2 _E5- L 7223, narrow-modular network Ci& DIV 20 £ CYEHFABINME < #EFF S /-

(4 2E).
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DIV 20 DIV 20

Neu 1 WW\/\/\\/\W
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AN N AV AV N NN SN N 4

50s
(€) (D) 5
—~  OHomogeneous —
. 20 —Wide-channel £
‘E ©° ONarrow-channel s
= 510
g15 5
8 st
C
z = -
L% 5 9 . HE é TI
o e @ g o
8 12 13 20 8
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[ 2: BIRIGEOKREFZL, (A, B) DIV 20 (2
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&
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$1F % wide-modular, narrow-modular network OfGFRAY 22805 F L
FU A —ETHRHESNESRGSEZE FL—2D FIZ7 ey b LT, (C) Btz

v MU —=71ZBT DA X MEEORIAE, (D) A X2 MR, (B) XM BHRE O HERS, Homogenous
network (n =7) 32, wide-modular network (n = 12) 3R, narrow-modular network (n=38) (FH T7' v~ k L7z,

ICHR 3 &0 R

2. 2 A2F—OA4F2(IL)-6 DEHEFHE
IL-6 3R > hT—7

(X L CTRMICs S T b

DT

12, IL-6 50 1 #HE#%OHEREIE

@i % 7=, Narrow-modular network TIZXFEFEIZLL, DIV 20 OFHJFHBAREL DS 50%HE009- 2 & & 2343 />

O?L: ( 3A)o

TDAN=ALH L KSHET 57290

12, &% 7L d Global Network Activity (GNA) %

Fbiss U 7=, Narrow-modular network Tl IL-6 & HI3EMNIEEN A X2 MM Liz=a2—a o OEIGNREML

7= (X 3B),

N AHTICEE > Tniz72d, IL-6 1

—7J7. Homogeneous network & wide-modular network ClE, GNA (F%FHREE & [AARIZ GNA A X
IZ R DRI AR CTH -7,

U\J:@ﬁ‘i%i ~ A U aFART A A T WD TR AT 3 M O T 2 ZEREREE T CHEEL I 5 in vitro

ETNDEBUENS, MRREEBOWRITHT-R 77 v b7+ — L&t 52 L 2R L TWD,
(A) n.s. n.s. p<0.01 (B | | |
| ; ) ) : )
T = % 0| ‘ ‘
0.8
2 0 g E ' 8 os ‘
< ’
o O]
€ 04 07
$ = % ’
02 ! 06
° Control IL-6 Control IL-6  Control IL-6 05 Control IL-6 Control IL-6 Control IL-6
Homogeneous Modular Modular Homogeneous Modular Modular
(wide) (narrow) (wide) (narrow)
[ 3: IL-6 DIEMEZNF, (A) DIV 20 2381 2 FHRAMRE D i, (B) GNAsize > 0.5 IZB1F 5%y hT—27 O

AFV T vy b, 3 & VS

engineering of small-scale neuronal networks, Jpn. J. Appl. Phys. 59 (2020) 117001.

3. ZEXM
(1]
choroid plexus, EMBO J. 33 (2014) 7-22.
(2]
(3]

M. Sakaibara, H. Yamamoto, H. Murota, N Monma, S. Sato, A. Hirano-Iwata, Enhanced responses to

M. Schwartz, K. Baruch, The resolution of neuroinflammation in neurodegeneration: leukocyte recruitment via the

T. Takemuro, H. Yamamoto, S. Sato, A. Hirano-Iwata, Polydimethylsiloxane microfluidic films for in vitro

inflammatory cytokine interleukin-6 in micropatterned networks of cultured cortical neurons, BBRC. 695 (2024)

149379
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SYBF 1 A - R
PoABER AL BT 2 R A L - Ml a0 4 pk & B EE R AT
RIRFHARVERIGETT AR EGBAERIZETT  OR

ALK 2T e E S, NHES, B, FEEESR
FALR B XGEEWFIERT RS

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

1. AEBEH

BRI B2 AUEEE AR T2 1L LT, T =W AT X o O 4 B I w3 %
ZLETERT DI ENTE D, AURMEA~OREAE L E U CHHBER LB CrER L 7= A il A A EHS
B 28581385 < H 0. Fer LIBMELEM 2RI U CAERMEWIEE B Z k- T& 1, ZOE&BERILY
BRI IXZHO/NLNTE D, 5F, FxlLZo/NMLERIET 5 Z LT, Bz X > TEREN =240
BN S, HAZEHIED Z LI XD KFICH UH SN D BICRAET DMMAIEICER Lz D, — &1
2. PORIRVAICBE LT, RIAORIAEDEWVZEY T um BLEE~A 278370 1 um BLFOHD1EF /-
TEEINTWD, KFTE~A 7 a7 ddbo< Y EKFEFELELTHEET N, 127 a7 gk
EFETEEET. KFICESTWAH D, JMAKROHEMIEVE SN TN D, Fx OFFFE TIERL L 72 Bhk
LI T A R E N5 2 & TTEXEMMEIIET 2 A XORiEZ2/7R LT D LRERC, iyl —M%
o Tz, TDD, ZHE TNV ST A EEZNZ 5 2 & THEBHRSICT ) A ZAONRT V%4
T D HIEERET DI ENTE Y, BEEMEE TIX, T/ AT ML TR, O TEFEMTH D Z LN
ATHTFAXR—NRENZ L, BWREEBMEVSTEENS I 70034 XU EOKIA L ITRE S B
DEFECHIER FFo C0D, ZO XD IefREN S, U, BERCBEA RSB CIEAFAIN TSR, £
DFFHECHEEEICEE L QIR E D 0N D, ~A 7 a XTIV ORED—212, HEDIR LD LS, =
DAT=ANE LT, IEEREBEDELG LTI RENRHH Y, £ T, KWL TIL, /"7 THRIERICR
HRARDH DO TRV, T, IEHEBENAER LS L TWDADO TRV EE 2, BN, FrioinE
Mt AR ICE L CFe 2 -, E7-, WHT AT AEALETH 2 L THRIENERIRIEHSL VT
EHLTEDLED, BBIETIER LT VI T 7 4 W Z — %l o7 HAREOIEWIZ X DRI -<ClE e #
WL THiER LIET %,

2. HERR

2-1 MHKAEOKYETTILEFI4ILE—

T =7 AOBIRERILIZ LY, B LE L CTAIFT T 4V E =2 LT, 207 4% —1T
Fig 1R T L 9 ICEHERREZ R Lz, & 512, Fig 1R L 9 ICHIFL S EARRIZE S LT\, TD
e, ZOBHEEMICHT AEEH IS Z & TRPICHMEENAERSNS, ZOEERIL, NEK 100 nm
DF I A XToHD, ZOZHLEOT VI FTOMILELY FAENEFIH L COKFIZHFLET Z & T, [igz
DL VIEFTZENTED, ZOMILDOT A XFEAE)— 72, B)—7a A4 ZOixiEE>< V242
EINFREL 72 D,

(b)

1 um

Fig.1 Bk el En=T7 A F 7 4 % —TdD SEM g
(@) R—=F 2k (b)) /) Fa—7 Rk
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2-2 MHSIAD DT

TERL L 7= IR O R & S RT3 2720, F / RL7fif
oty 27 L afifl L, KR 2T A%, [@a07 7 v
VIEE AR L. 20U X0 SR A VR TR CIE R AR
fbL, &iathA X, @, REZR SICBET 2 EREIUET
HTEWTED, COy HAEAT LV AR L=k O
RIBDORLEE /74 % Fig.2(a), 02 F AEANIC LV AR L 7%
IR ORI 5547 % Fig 2D\ Lz, TSR oki21E
50~200 nm TH Y, KJaHHT A7 4 v —& LT
FALEZZAE TV FIEDF 7 FLE L IFIEE L WVIREET

(®) st1&

] H H

Concentration (particles / mL)
Concentration (particles / mL)

SR oy
oty koT, BIEIILT ) ST AThH S L ITETE 1248 B % 2R 7
N N AR 4 (I 1 NN SN M N | HHEINE] H !
7o LU, T/ ATADHA ZFMT L H T/ EDE 0 50 100150200250300 0100 200 300 400 500
BRERLC TR ol Size (nm) Size (nm)

Fig.2 F /RPN 0HT > AT A X 0SS 7 fE R

(@) CO2 ' A & 1EA L TR S5 Mol &1

(b) O2 H A & 1EA L TR S5 Mol &1
2-3 AT HIEMER
ERIAIE, T/ NIV THDH 2 EDBHERTE 272D IEEMBFEOBE 21T 9 << BT A 4508 (ESR)
HEEAFEH L, FIELEL TRy 7HEZHOWDOAE Y N T vy B B THIEE T2, b7 v 7HINCIX
DMPO (5,5-Dimethyl-1-pyrroline N-Oxide) % H\T1T 72, Fig.3(a)i&, CO, HAZHFIH L THRK LTz KF DT
I RTIWAZEBT DIEHBERAERE R TH D, CO, W AEZFIH LG EIE. A7 N7 At i, —7H,
Fig.3(b)lZ, O W AZFIH L THARR L7z AKF DT ) RTWTIFIE AT T AR CT& 72> 7=, Fig.3(a)?D
FRHT ORGSR, B ENTIEMMBERMIT L FeXI A TP h (HO+) ThdDHILENHARTEXE, 20O
RIZED AT ADBNIEIVARKRT 27 U HNVENRERD Z EPRENT,

(a) B hydroxyl radical(HO - ) (b)

N W ¢

[ I | [ I |
331 336 341 331 336 341

Magnetic Field (mT) Magnetic Field (mT)
Fig.3 ESRMEIENBEBNET /AT AICEIT B ESR 222 kT 4
(@) CO2F /"7 (b)O2F /"7 L

3. F&H

BRI IC K W ER ST VI T 7 4 v Z =05 TE DBl 72 502 B L T, Mg ORHEITIAE L TR
VDK% & DREERIE T 5 Z LN TE D, AR LR KIEIET /R T & L 0 . BT/ -
TNTHDHIERbinole, SHIT, HAREERTH I LTI VH/VAERFA M & FIHOEV AR S UHRE
INFRIRD T /) NTNDERNAREL 72 VIG5, MEGESNTot FrX T Phnid, RESRE bIRVFED
DERDHDHID, Atk BREEM 72 E ORREME B OMEZED TWS FETH D,

S5 XAk

1. JEBER FH=TF ) Fa—TDOF ARG 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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BBEBE RSy T TVN) =2 XTLORIRL
— x4 MF/RFEAIR—FRAL) HDERK—

FOU LRSS WHEH T MPESR #7007 T B JE T e
of A TARILT, EEFRET. APRIBER", PIIZZ ke’

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. HAEEM

KNIZRIT DY DI D KALIZIE, 3 2 @08 2 5HT- B - ROBFIEA AT R E 2D, b & [FH
BRI 2 D FHED 1 DI R T v 7T U R —2 27 A(DDS)N b 5, k4 72 DDS MERIE S C&E 29T
7= FA4 NP R TIIBERFE S X o C DDS BT & HRALE £ TR RTREIC T A 70 &, EE7R DDS ML L
PLESMT B DY, RIS (AMF) % T T2 BRI U 2 BE R L2l £ 2 EMENZ < 20 ki
BENTOHEBE L TSHOULAM

MW ERREE 2o TWNVE, £Z2T Py -o'|

B IR 1 IRT RS RT 254 b ®e /‘\ _ (\ RS

Wifa it s Ay K= 220 JIZAMIRF g AVUR=S5ASURN
11T OB 72 JEW) He & [ 2 8 TGS NSE " EREST

T LM77 DDS KRR L, £ DRk | SRt RES i Eb\%ﬁwjﬁgg
BT BB Z k& LT, | RESHhE | e RTREW

___________ S : E%}Eﬁ J

ARIREEBAGh LTI H T2 54
FEE, ETOBIECEND 7 =T A4 M/ Figl FeiO4 7/ RiT-& AV R—F 22U B flirtbt
Rz L EC. ghaea7 & LTH 7= DDS #1%+
B HEPEFFARER A Y R—TF ALY
B DOERA~ EIEZ DT,

2. HAREE

2. 1 FesOs T/ HFDERK

B FEDVERIZAH T & > TFeCly & FeCls 23 E /L EE2: 1 (total 3.5
mmol)(Z72 5 X 912, /K15 mLIZIEME L=, % Z123.5 mmoliZ
X LTO25DFHETH LA VT MU U L&KL mLIZHEME L
THOEBELARNLIEF Lz, D25 wt% NH3 aq% 5 mL
PR LZRN LM T L, 40 cm® PTEERIRICE L, A— 7 L—
TUTAAU, 220°CCIRERINEA L7z, iR E T FIF T, 5000 rppm
TR Ly BV 2 72 TR ) % 10000 rpm, 10753 ] G288 Peid
L 72 THO RO KT/ H S8 T60°C T2 R 21 S B 7,
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2. 2 T34 MF/HFEAVR—FRI) HDEE
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3. FLHESEDHIG

FETEMERI DA LA W% G T /KBEIZ X » THOBMEDEVFe;04F / KiF DFERLL 72 T, A
IR=FT AU EBEAL L, FERE LTI nmED 7 =T 4 ) K+ %N L7260 nmED A
N—F AU A OVERUZRE T LT, FesOsF J KiFa A Y R—F 22 ) CEB--akkbhE, mEn
FESEIINC & 1 80°CRRIZH AT 5 L A &2 FIREIC TE 2 L OWMERINSH 5, REEITE T,
AMF % FIIN U 72 INEAGEBR 208 1) 3K LT - CREVFFEOHIE 2 FTEE & L7z B¢, F£ld b OIEF
FERE % £F > 7-DDSH Bt D VERI~ L IF2E 2 6D 5

4. SEXRE

(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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HORTERT BIFrBANAIAar7ele  ASREEEEIIICAT 3
FORERRELRT:  ARME TEEr OvgiER
HORLEERT BIAEWAIRAIE: 7 v o7 ¢ 7B GERT
(G ARPEEFEHATHIERT) Kang Wei Goo, #FJAE Ay, EfBuls, HHIFEIERM,
Tso Fu Mark Chang, ®ARIEAN, FEEHL, HHH5E
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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
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Formation of octacalcium phosphate with incorporated 3,3'-dithiodipropionate ions
FOUER SRR B 28R OROE RS, B RFR, JIIT f—
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 materials'. 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. O: OCP phase

Here Pure-OCP, DDPA-10, DDPA-25 and Sub-OCP L i Sub.0CP
mean that these samples were synthesised without b
using dicarboxylate ions, using 10 mmol DDPA, using *g ,LQ
25 mmol DDPA and using SUB, respectively. The sl BBPA=25
reflection peaks of plain OCP (i.e., OCP without EO
incorporated carboxylate ions) were detected in Pure- g DDPA-10

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
detected in 3-5° range. According to previous studies,
the 100 reflection peak of OCPs with incorporated
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 dioo 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

Pure-OCP

T
F

10 20 30 40
20 (degree)
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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 report*. 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
cm~', 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 CH2 groups are detected in a
range similar to that of the Sub-OCP spectrum, namely, 1600-1400 cm~". 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.

(a) FTIR spectra (b) Raman spectra
DDPA-25
)
2 .
5 i DDPA-25
o Sub-OCP =
e g
8 s
s >
= ®
=
g Pue-OCP & SEFOCP
=
Pure-OCP
1 L 't l 1 L L 1 I 1 1 L 1 [ I 1 J 1 l 1 ]. . I
2000 1500 1000 500 1200 1000 800 600 400
Wavenumber (cm™') Raman shift (cm™")

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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3. ZEXM

(1) Chen H, Li H, Zhao Y, Zhang X, Wang Y, Lyu P. Adaptation of removable partial denture
frameworks fabricated by selective laser melting. J Prosthet Dent. 122, 316-324 (2019)

(2) Nesse H, Ulstein DM, Vaage MM, @ilo M. Internal and marginal fit of cobalt—chromium fixed
dental prostheses fabricated with 3 different techniques. J Prosthet Dent. 114, 686-92 (2015)

(3) Cheng B, Shrestha S, Chou K. Stress and deformation evaluations of scanning strategy effect
in selective laser melting. Addit. Manuf. 12, 240-251 (2016)
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Local injection of Hydroxyapatite electret for hind limb ischemia

ACRIERHERCERBIANALE  OWlin 7, JER A, felF #500
HURBERHEFIR P R RY S B Y50l
BREGAE WEIRAE AIE BT

by OlJunji Yamaguchi, Kensuke Thara, 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

Deep
femoral
artery

Hind limb ischemia (HLI) Common
was made for BALB/c wild type ;erg‘:;a'
mice (8-12 weeks of age) by
ligating the common femoral | Four different injection groups
artery, deep femoral artery, and (@ PBS group : PBS
superficial femoral artery on one @ HAE-1 group : HAE 1 pg/ul
limb (Figure 1). Immediately 3 HAE3 HAE 3 uo/ul
after the ligation, a total of 200 pl EOHp= Het
of PBS, HAE (1, 3, 10ug/ul)| @ HAE-10 group : HAE 10 ng/ul
were injected to the infarct area. (200 ul / mouse)
Six mice for each group were
made, and laser doppler
velocimeter (0, 3, 7, 14

postoperative ~ day  (POD)), Figure 1. The schema of HLI and HAE. injection.
treadmill test (14 POD), and

Superficial
femoral
., |artery

Left lower
limb

{"" : Injection area
— : Ligation point

quantitative PCR (qPCR, 14POD) were performed.

3. Results

Auto-amputation of the limb | 7 T '

0=l n-1 Auto- tati
was observed in 3 of 6 (50%) in 1w | ime | L] Auto-amputation
PBS-injected mice (PBS group), | 1| = | | n-1 | : Toe necrosis
1 of 6 (17%) in HAE lng/l- | {| 2% | [P a1 [ | Normal appearance
injected mice (HAE-1 group), || '
however, none was observed in | [ -
mice injected with HAE 3pg/ul | || a2 |/ n=4 | | Bl 5
3 5%

(HAE-3 group) and 10pg/ul | | E | o n=2
(HAE-10 group) as shown in i 33%
Figure 2. 17%

Treadmill test on 14POD | Control HAE-1 HAE-3 HAE-10
gfsetsa.etll’lctfe:%&l:l};a:hzhleortl;?slt g?r;]r;% Figure 2. Visual assessment at 14POD.
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followed by HAE-I, ‘ , (m)
A. ( B. o s50-
HAE-3 and HAE-10 2 T
groups (Figure 3). 2 ‘1
As shown in Figure 4, & 304
laser doppler velocimeter é 204
demonstrated that the 2 10
laser doppler value of 2
. = -
thigh muscle was NP
Si f. . . 0@ & & Qf\
gnificantly higher in T FFF
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).
B.
o . ~=— PBS
s ~*~ HAE-1 I
e 104 v A HAE_3 > P<0.01
$= o] ~v— HAE-10 I
© 3 + |4 P=0.03
> c 08 i3
; ;é 07 }
.o / P=0.08
[« % E 06 ’g’; i l
g T os ' % ,/,:—7R41
58 .. =
w ~ I Y
@
J 03 4 2 0 2 4 6 ; 10 12 14 16
Days
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).

4
=
°
# 3
®
s mm PBS
X 2w
° HAE-1
g i =1 HAE-3
@ =3 HAE-10

Vegf Hif1a Cxcl12
Figure 5. qPCR results at 14POD

However, Vegf, Hifla, and Cxcll2 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 CxclI2 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

WRA 7T MIBWT, BYHOA vt A T 7 L— g v OBERITIERYIN &2 B S B 5720 E
BChD, FMIOF vy vA AT T —a U ERERT D RELIHEIN & U THABLBEDN LS TN D
D, KRRPICBIT HBAREOHEFFNFRE CTH 72, THE TITAFRE S V— 7 TiIEME Mg - Ca 545 —
Ty MBI TR bha Ay X ) o TN fEENc L > TH LR T ELT 7 AMg-Ca 2—7 4
Y WBKMEREEZRIPIZBWTHRET 2 Z LA RN L TE 2, AEFELIE. &9 —DODRETH LT
E)LT 7 A Mg-Ca 2—T 4 > T DAERSIEVERS LT Mg & Ca DA A UNZEH Lz, BERIZB W T Mg & Ca
AT U BNBRRIZED A A FEE L THLNTND 1,2, LEXLDTENLT 7 2 Mg-Ca 2—T 4 > 7 A
R LTt S5 Mg & CaAf A2 WETAAREEIZ & D K 5 785 % JIE$ D7) % in vitro ik BRIZ THEE L 7=,

2. HAERE
2. 1 HABOFEL YT
EMTHLF XM (010 mmX 1.5 mm) R A A4 BRI L0 BUKMBABEEZ i L7-, ZoBlKkbL
T FER T, 2FED Ca B HE (0, 30%) THLHEME Mg« Ca ¥ —7 v b Ar AP T~/ % br &R
v H VU TTHI L, MiMg 2 —T 4 VB SRTETF 2 P (Mg0Ca) BE N Ca % 30 %ie
Mg 2 —7 ¢ U 7 ME 5SS F 2 R (Mg30Ca) Z{E#L L 7= (Fig. la), TXCTD Mg-Ca = —7 1 > 7%,
AEBME BB (SEM), X AREHT (XRD) | R SJIEIC & 2 BBHEEM 2 5266 L 7=, Fig 1b £V | Mg0Ca
& Mg30Ca 137 % R OWFEIE 2 K3 5 K Hica—7 4 v 7 THEDLILTW =, Fig2 LY., Mg0oCa ® Mg
IR AIRRETH D DIZx L, Mg30Ca 11 35° Tl 7 m— R —27 BNER &, Mg & Call Xk p5%ee/ T+
NT 7 ARETHSZ ENRM SN, /2, Fig le LV, a2—F7 4 75X 2R @M S OBMNIL <
FENTH D Z & PRSI NI,

a =55 H ¥ Ti
< Mg
v
Mg30Ca
r L i
S L
b ~
=
iy
Fy
. MglCa
= - -
]
4
=
=
c
NT
e e - My
- 283.6 S 283.6 = 2 6 Ell:l 3‘0 4":' 5‘0 EII:I :-‘II:I
Fig 1. BRI L7=F % U FM, £ D ARWENT) , 26 (degree)

Mg 2—7 ¢ ¥ 7 JLEE(Mg0Ca) . Mg30Ca 21— 4 >

MLFE(Mg30Ca) (a). SEM Eif§ (b) 5 L OREH & BIEREE () Fig 2. 5O XRD /37—
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2. 2. (HREIBSEER & ALP SEEETE

TEINT 7 A Mg-Ca 2—T 4V INERNTHEM LT Mg, CaA 4> 2T 282 HET 5720, 1
BRI IR P I AR 2 IZIE L, 2 OffiiE 2 VT S aERMIE (MC3T3-E1) OEFHAECHRRRFHY 72 ALP
TEMEZ T L7z, 2 —7 ¢ > 7 OREEMRIZ L0 K O Mg, Ca A A UTRBEIRE L 2D . ZThb DA 4
VAN pH & ER-SE 5720, MEERERIIEME L CllaEt 2 R"T B2 o5, EREOAKRNTIE
BHIAMRRICA AP L T ZERBESND 720, Kkt E MEM 0 3.925 mL ([ZRIES ¥k, 4
DAL 2 MEM o C 10 {5478 U CREAl & 506 L 7=,

ICP-AES (2 & » THIE L7z 10 f5A % OfhiHik D Mg, Ca A A4 REE% Table 1 1277, Mg0Ca 35 LT
Mg30Ca @ 10 fFA7FH RS, 5538 1 H BBV T MC3T3-El fildlc ki3 2 mtE A2 R S22 & 2 i L7z
(Fig 3a), ALP %:fa, ALPJEYE, ARS Yt OFHMi D 7=, 48 7 = /L2 MC3T3-El % 1.0 X 10* cells/mL C
500 pL 3O L, Akl 10 A RihitiR & s & U CH% 217> 72, ALP Yefh, ALP {EPE, ARS %
EOFMIZ BT, /HMEFEE MEMa+B-7 0 U g =F hY o 2K ; 10mM +L-7 A 2L B
VEE2-V VR AT ZF R U A 50 pgmL+T XY AKX Y 150nM) T IO AR L7z iR & 2,
Fig 3b, ¢ KXV, 53 7 H H TO ALP IGMEICEHEA EAILRD b o723, K548 14 H HIZH VT Mg0Ca
& Mg30Ca 73 NT IZH L THEICHE W ALP IEHEZHERF L7z 2 E R R Sz, 61T, & 21 HAICE
(7% ARS BefaClk, Mg30Ca 23 NT & [RI%E DA KAGE &7~ L7z (Fig 3d, ),

PLEX D Mg30Ca ORI AT 5 Mg/Ca A A U REIZIW T, s RBEIC Il U CHE 72 ALP D
Frfi & FZEORIREENRBD bzt Wi b, XoT, TENANT 7 AMg-Ca 2—T 4 VI OIEHLEZ
Mg, Ca A 7 > DSHIRIETHIC B A 5.2 5 2 L 72 < "BIERICH @ < FIREMEAS R S vz,

Table 1. FRAEt O 10 (577 O Mg, Ca A A LRI
MEMa MgOCa Mg30Ca

ONT
b c e MgOCa
4 34105 ONT £ A ONT —~10 @ Mg30Ca
I | Mg0Ca E ns  H MgoCa § i
E 25x 10y B Mg30Ca \ Sas =
@ J O 80
= - n.s. - 5
@ 2 x107 =- 2
(%] (1] o
- = 2 0
%15::(1[}*- Ssl £
o 1
, 40
2 1x107 g‘ 1) T
= T ;
8 5){1[}4- mD.E- = 204
; N
0 1<
day1 \ | & 0 day21
Culture time * -2 Culture time Culture time

Fig 3. &HhHiE % 72 MC3T3-El a1 HEFR#% OMBEE (a). 14 HEFE% O ALP Y2t (b)
BLOT, 14 HEFEZ O ALPIEYE (c). 21 HEFEH O ARS Yetify (d) 6 L OMEFEE &G R (e)

3. ZEXM

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

HOR R R AE AT OBarthelmes Kevin, #iJf J&. A &
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 release/fluid 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 ym 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 uym.
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-
X
3
% 80+ —— 0 min
= 10 min
£ 30 min
2 60- - —— 90 min
g f=0 —— 180 min

1900 1800 1700 1600
wavenumber / cm”

Figure 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,
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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 (NIPAAm/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 500
hydrogel are present. For
instance, after washing and
drying we noticed that the 300 ~
entire array started to shrink
by about 10% of the original
size. Therefore, a slightly

208 159 217
200
100
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

400 318

maximum strength / mN

MN arrays into trypan blue stained mouse skin was investigated. .S m1500
After administration most of the needles remained intact and 25
only buckling occurred. As shown in Figure 3B, all MN arrays 5 é 1000 -
formed microchannels on the skin, as indicated by dark blue % IS
S @ 500 A ~HPMN@rt

spots. N . - E ® ~t-HPMN@rt

To study the permeability, we decided to investigate the 3 2 ~t-HPMN@37°C
o - ol 9 ~t-HPMN@37
insulin release capabilty of HPMN and t-HPMN at room &
temperature and 37 °C. For this purpose, we loaded both 0 2 time?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).

3. References

(1) L.Bao, J. Park, G. Bonfante, B. Kim, Drug Deliv. and Transl. Res. 2022, 12, 395-414

(2) P. Liu, H. Du, Y. Chen, H. Wang, J. Mao, L. Zhang, J. Tao, J. Zhu, J. Mater. Chem. B 2020, 8, 2032-2039
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Ishii, T. Miyazawa, S. Chen, T. Baba, H. Yoshida, T. Nakamura, H. Inoue, Y. Ogawa, M. Tanaka, Y.
Miyahara, T. Suganami, Commun. Biol. 2020, 3, 313.
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Development of iron nitride for magnetic hyperthermia
by Soichiro USUKI, Taishi YOKOI, Masaya SHIMABUKURO, OMasakazu KAWASHITA
and Tomoyuki OGAWA

1. HAEREM

BE, DADOHRIRBEIEORBFE L L CiX~ 27 1% A b (Fes04) MR HHIL, BRI TIE Fes04 7/ KL
T % B Lo ME T IR S I AE I DR BB I AL, BISLIRDS ASCRENR DS A %9 2 IR BTG O B AR 3B &
DHNTN D, REAFEDOWRURFIEILE ORBREIC L KT T AR B 5, £ 2 CHlE HIE, Fes0s £V
b a2 T EbERICER L, Zh 2 REEICHW A RAZED TV D, ZhETIZ, Zgko—
D ToH % FergNo DEEKIRBVFIEDOIRBFEEL L TAHTH L AIEEMEZ AL L T\ 5 12, Ll FeieN, DEAK
WIIBEBRT VBT HAZH D 0EN o 5, AWFFETIEL, FerNy & 1572 5 08k TH De-FersN ITF H
L. &-FersN OERRGLMN T O, BIEEE, B L UBBEEICE 2 55852 TH . X512, e-FersN O
MaEtE 2 F il 5 Z £12 XV | e-FersN OBEKIREVRIEHIREFE & L TS H O FTREME 2 it L7z 34,

2. HAREE
2. 1 HHOERK - BEMRIT - MSFEITE

HEFEEE LT, ~~& A b (Fe03) &EF MU AT I FREHAWEZ, ZbaMEL, ER50H% (FBH
RE <1.0%) O a—7Ry 7 ANTEERRISDHEGRICE A L, ZORE%Z 230~260°C T 3~96 FFfH]
MMEA LTz, =Dk, RELEZT Y/ — L CTHE L, —BiERS Sz, Bon-REomE, falEs L 0%
ﬁaﬁi%%ﬂ%hizw%~ﬂﬁmxﬁ ST A A A T T BEIMSE (SEM-EDS) 35 X O X #REl 3T (XRD)
WD FIBUE OB RURHE 2 IRV EURHRLRS D5 (VSM) 12 X 0 3Ff L 7=,

[ 112 240°C,9~96 FFH DOESLEIZ L 0 15 725kt D SEM-EDS A A — VB XV XRD /N ¥ — 2 ZRT,
SEM-EDS B2 Dt Bl LAuE, BEHIHRIAE 200~300 nm De-FersN F /K- 5H70 0 | REIRmOEREIT
ﬁﬁ%%ﬁﬁ<&5moﬂﬂwm%ﬂ6Hﬁm%uﬁﬁbt(llﬂi,it\ﬂmﬂmuib&iﬂ@mé
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(1) M. Shibata, T. Ogawa and M. Kawashita, Synthesis of iron nitride nanoparticles from
magnetite nanoparticles of different sizes for application to magnetic hyperthermia, Ceram.
Int., 45, 23707-23714 (2019).

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

(3) FA¥PH:—8, /NI, BEIR, BEHERSE, JITFRF—, BESRUREIEE HeTFessN 7/ Bt DRI
Fitkds LOERRE, AAREZ I v 7 AHRH 36 [BIFKF T AR YT A, 202349 A 6 H, IHD.
(4) EAFPH—8, NEZ, EBRRR, B, JITFRF—, BERIRBVEIERZEET) /b DGRk

EAMIAEEIEREM, 25 AB BIAARNA A~ T U TV FERRE, 2023411 H 6 H, fH.
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Endowing Antibacterial Property to Titanium Surface by Surface Microstructure Control
by OTaiyo YUKAWA, Masaya SHIMABUKURO and Masakazu KAWASHITA

1. BAEE®N

RIS ~OBITICL Y | EREECBBEE O PRSI L TR . T4 (Ti) BEEESZ W
T AR S B LT D, ZHUCHEY, Ti REFRESR O Z R E LT, FOER L HiEREZ &
9 A N TR AR (PID) g4 BRI W5, PIT OTRIICIE, EEMRICEREL KT 2
L7 HIE OO B MfS 2 Ti REOSIEA LM E LTI cE 5, FROMET ) A—FLd
ZEEDBHNL LG 2 o2 LI L0, MEOMILEE 22T - R L, M@ 2 DEICER ST 5 2 L2
HENTWD (1], T74bb, Ti REICT /) A— MOEREZMNLT L Z LR TENIE., FOREREIC X
S CHIEBETE 242 Z 08 liff &b, £ 2T, ABFZETIE, Ti RE~DT /) A— hA—F—DHFE
WA BT 5T % Ak (nTiOy) O L . nTiO, DHEEHERE D FEGE 2 AT,

2. EARE

2. 1 REEESH

{EEFALERIZ K o T Ti AR NS nTiO, J8 DR & ik ATz, LSBT AV DR O, TR, ALBRRER
DEBEZRF LR, HORHEDOLRETICBWN T, Ti EREmIC nTIO BABREIND Z ERHLME
-7z (Figure 1A,B), nTiOz (FZ3AEE & 100~200 nm ORI SIS Z A L, Ti REEMRIZSHFER AL LT
W, S HIZ nTiO, D XRD N2 —2 L0 ZOFREMITEE LTAF AR TIO, THH Z ENRH LN E RS
Too TALHDOFERND | LA L o T, Ti FERE IR 72 S E 2 A3 5 0 F V8 TIO, @AM Bk S
NZ EBHBLNE RS,

2. 2 (EIEREEETE

B PRI K> T Ti EREEIZEL S L7 nTiO, B OREIEEE % LT 5 72912, Methicillin-resistant
Staphylococcus aureus (MRSA) 35 X OVE ZEHIIaARAIE (MC3T3-E1) % VT2 in vitro ik %217 > 7=, Ti & nTiO»
FHEIZF VT MRSA % 24 BefiiEs#4 % & | Ti 1 TlE MRSA OHIN S ZL4A3ezR S L7228 (Figure 1C) . nTiO;
F 1 TIE MRSA ORI ICZE 780 btz (Figure 1D), Bl R EICB 1 5 24 Hifi]55#1% © MRSA
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Figure 1. Ti (A) & nTiO, (B) O SEM 4. Ti (C) BLWUnTiO, (D) LT
24 WFMIE#E L 7= MRSA O SEM 14 & Ml AR (E) .
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DEEEZBE LI/ 5. nTiO) BEICF 1T 5 MRSA OAEMFRNKRLIED T LY bAEICHAD LT
(Figure 1E), LA EDFER IV | nTiO2 12 OEREFGIFEIEIZ K - T MRSA OffiflafiEz 2 - g L7 2 &
T, Ti#EL D H MRSA OHFEAZZ LI L7 LB 2 b b, FilBRIIEIZI\W\ T MC3T3-El #ild% 24 I
MR L7 % Figure 2 12 L7z, &alBlmE Iz j’é*ﬂﬂﬂ’j@ SREIZ 72 FL 338 80 H AL, nTiO, 21 Tl
Ja i B 23 3| S 4 Cuhiz (Figure 2A,B), — 4, %uiﬂ'ﬁﬁ@ﬂﬂ“ﬁifaﬂ WZBWTE, WINLRBETH
o722 L (Figure 2C) . i OIS E 1T PR e T R Z2 RS W E R LN E 2o T, LI EDRE
B LY nTiO I THIEE 2%t L C ORI R A R 2 E R LN E 25T,

nTiO,

A B 200
o ]
2 = 1
= !
= g 1 50-_
o ] n.s.
c -
S > 1001 : I
o = ]
2 s
o !
Z 50
[(}] i
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2 :
0 . :
§ Ti nT|O2
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Figure 2. Ti 3 X OV nTiO, LT 24 B[ E5# L7 MC3T3-El flifuoatietalg (A) L
fadfE B) . (A DR —/L/8—F 100 pm Z757)

IRNETIZ, PII O TR & &R LA A BB Tld, EEBE OB RPIEA 2 M2 2 & THEMA 5
ﬁi‘ﬁbﬂf%t [2-4], L)L, TN OHERR i#.%ﬂ@ RBORINAK T T 2 720 RERUEAFAIIZ IR
JE5 « WHRT D ENHETH - 72, nTiO, IFIFEEREREIC K o THIFEMHI R 2 BT D720, FK AR
WPt DA REMEN B 5, A nTiO, DO BEFEINHI2h B O Frfe [ 00 SE3E<2. nTiO, & Ti bl & DB A TRIE
nTiO, RIZH1T 55 2R OEAE, BERTEM:, MR EZ 6NN T 2 2 & T, P T~DISH AT RetE 2 3
KI5

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).
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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. ARBEH
ERIIE, B-E B-RVE. CB-IE e EORIRKR & GEER & OB SRR S D, 2D OB SRR, #
R T . JTFRRFEDN B (VT T =2 ay) THEMMMEGEZA L, -GS o — b L R ITHE

BLTNSD, 0 &) e liE 2 A9 % BE5H 3
WA BT 572010, 2 E TICARIL R R A R YR
Bmg— 4 b AR L 5%t Y o g - ;&3
JEBIHAMIL 35 L OV S MBI B 72 % FLAR A o e 4

fs — FBRFS e AR OMEERBA B L7 eumos : é
FREDIE AT T\ D, MEFEE TIE, ALK J o Ly ey = 1%
MBI BRE Lz RS~ R Y v 7 A TH DB —— ‘
RLALE (dECM) OIS® —>& LT, 740 LI
572> 0> 72 25 dECM LA FIREARIZ ST A L 7= 051 S - WAT, R

BRI OB, — OB O TRARICE e .
T % (57 7 O T ko g1 RS R GA~DIS & 6 LI AR

ERFTL TV D, dECM D BH %8 ik i

2. EMRE
2. 1 AKXk dECM DFAE
THEEEZEA L, SO Z AW, &EKE (HHP) 36 X OV s EANE I X0 BRRE b O s 2 3
B L7-, HE a3 LU DNA E&IC L 0 Bifia b 2 534m L 7=, Bl b oiEoAKIBE, U oy
U AERIED—DTh DR HiRIEEEZ AW, ZRAEREEX, MEZ v v A (200mM CaCly in
Tris-HCI(pH7.4)) 3 X OV UV (120mM NaHoPO4) (Sl K 2 Be 708 B R HITIRIE ST D5 HIETH b,
A RRAL AR D 42 - 1238 8 2 WIEER A AL IR L, IRJEIFI] 2 S IAHK 10 B & L TR AIRIED R (5-30
B) CTORKIEERR Lz, fIR{LOEZ SEM 8158, ATR-FI-IR I 7E (2 CREAm L 7=,
DEO BB D FTE TOBEOTZIRCEAIZZ () Untreated HHP Surfactants Cardiac side ¢
BITR E 7203 o T, b O D HE Y4 Tl b Sy :
~ RF VU B MARBE S s o 1 s I (00 B :
(Fig2A), 7z, BUAINLLIBEOHAF DNA & T RN e | TR
|%. HHP /ﬁﬂﬁﬁ‘ﬁﬂﬂ@ﬂﬁ'bﬂ% L ﬁﬁ/ﬁ‘@%ﬂ/ﬁﬂﬁ%ﬁﬂﬂ@ﬂﬁ/b (B) 0 Cycle 10 Cycles 20 Cycles -
DL T R dp 72 0 O DNA EASAMLFLLE L Hr~ S ;
BHEIZHD Uiz, BLE XY BiAia b DR 1S 57z,
5 5= Bl DR 2 A2 BIRIEIZ L 0 ARk
AT 72, AR LT Biia b ik, Y1 7 vk
DOEEIMENTE L 720 | 20, 30 VA 7 L TlIEIR %
HEFF L2 DR C& | I Ch ARk s o7 S :
W LEZ B, SEM BEETIL, A S ki Fig2 OB LR HE
AL DI O MAE 1 R R S8R LT SEMBIE

30 Cycles

HHP

Surfactant
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(Fig.2B) , RIEFEL DN OB IR L ORI BRI IZ B DAL, 20, 30 Yo 27 /L ClIIFESR i OMGHER R X
BleTx 9, MUNBERIPES L TTELRY A XA TH®H S &z, ATR-FT-IR JE T, 1 7 v
BOBMZENT I FEGHEKEOEC—7 8B L, U UBBEEOE— 7 388U, U VBl 7 A0 il
f b EREICHTH LB 6z, LEXY . AR O S BT,

2. 2 FAFRILJECM D in vivo B

A IRABRI IR L DR, ARG L L (10,30 A 7 V) % 8 D 7 » NEATAEE M N~ L 7=,
4 MBI TNV AL, HE Jeti, TRAP et v v Vo U 7 va—2Ah (MT) Qe K 0 AR 7RO
wATo Tz, HUE® HE Yt TRAP Yeft, MT YefadfE R4 Fig. 3 12733, HE Pz W\ Tix, KAJK1L, 10,
30 A 7 A DOWTIODRIZEBN T b RIESSITER SN h o 72, R A KA TILDERNEIC A2 2 L,
DERE IR & [T LT, 10 B 27 LTINS HO TSN ZME L, — 38k L TW AR 2Bl S iz,
30 %A 7V TIENE~OHIEOREIXIFE & A R ST BHEE OB RmEIZE W CTCH MR O RIIE S 1E O
DD EROYDFRENTL L, BT ORRIRENT, 27— URHENE A, BRRGICRBIND
MT T H, RAKIETIHOMENEIEE < et S, 10,30 YA 27 L TIRODBERNE S 0 I IR B e S
Nz et ARALDENT CIXFAETNER I TWD I ERNELbNT-, o, DEOHKILYA 7
VIS EEINT DO THAEF O 8
BInNZZEnb, DEOAIKALEIZIG T
THAEBELENT HZ ERHERINT,
WIZ, Bl 2 v 9 TRAP Yl T
1%, RAIRILTIE TRAP BPEAIII @22 &
P, 10,30 B 7 L TlEy o 7V EBERIC
BT TRAP GiEfanBlsi sz, Zo
Z & B ARG ENE T EE DAL
SO & E AR L 2 R sn o Y ' T
VU T RIGHEZ o TV RS, A
JRAL LA LI 3 & L CARICZ R/ SR
T2 enmmganic, UEXv, KRAKIE
J R R A L D BT A2 B DT S K OV iR D
ELLLAELTHEREE L TRAIN, AKX
{EBERA L OB s & LTRSS, £,
A HIRTEVE TIEE 8 - AR AR
ETHD Zen b, BREAIRKIE dECM  pig 3 LB (L DB B I FRAE (4 38)
DORE-#FARE~DIGH BT 5,

0 cycle 10 cycle 30 cycle

HE

TRAP

Masson’s trichrome

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
HEER, REFOMSE . EPIR
(G

FREMER KT OR
FALRE

SN N TN = N U 2

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 O .

comprising micron-scale pits, sharp peaks, and Lo, 0a' T

valleys. After long-term storage at room \;/' Acdetcfing . Ad}\

Compact
oxide layer

temperature, the specimens from the anodized Lithium o
groups exhibited better wettability than those
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 \A
positive direction. As expected, the anodized () -
titanium surfaces with increasing zeta potential .

demonstrated enhanced adsorption capabilities
for negatively charged proteins, albumin,
fibronectin, and laminin. Lithium incorporated

Etched 1V 3V 9V

Etched 1V 3V oV

4 pH
2 3 45 6 7 8 9 10

titanium surfaces showed enhanced

biocompatibility and cells on those demonstrated Figure 1. (A) Schematic of the process of lithium

incorporation on titanium surfaces. (B, F) Surface

enhanced osteogenic differentiation.

The cells on lithium-incorporated titanium
surfaces demonstrated enhanced attachment,
adhesion. After 3 h of incubation, the number of
cells attached on the 3 V titanium surface was
significantly higher than that on the etched

P-99

topography of titanium surfaces with or without lithium
incorporation by anodization in the etched group, (C, G)
1V group, (D, H) 3 V group, and (E, 1) 9 V group. (J)
Surface roughness of titanium surfaces acquired by CL-
SM (n = 3). (K) Wettability after three months of titanium
surfaces (n = 3). (L) Zeta potentials of etched and
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
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
the change of zeta-potential. After 24 h,
the adherent cells on the etched titanium
surfaces were polygonal in shape with
multi-directional protrusions, consistent
with previous reports. Notably, the cells in
the 1V, 3V, and 9 V groups were more
elongated, with more frequent
observations of abnormal long

unidirectional protrusions on one side and
well-developed lamellipodia on the
counter side, resembling a migrating cell
with an elongated tail. Meanwhile
significant staining of actin bundles was
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.

3. References

(1)Li, 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/IJN.S255486.
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Figure 2. (A) Wide-scan XPS profiles. Narrow-scan XPS
profiles after peak fitting: (B) Ti 2p, (C) O 1s, (D) Li 1s, and (E) C
1s regions of the titanium surfaces with or without lithium
incorporation.
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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
W E R R OJiang Mengtian, BplRr 446G, L% RWIsE, & HIsE
WAL R K 2, BRX &2

by OJdiang 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.

TiOzNS | Ag/TiO2 NS Cu/TiO2 NS

(a) L‘J (b)

(c)

Fig. 2 SEM images of TiO2 N5(a), Ag/TiO2 NS(b), Cu/TiO2 NS(c) and Ce/TiO2 NS(d)

TioanNs Ag/TIOZNS - Cu/TiO2 NS Ce/TiO2 NS
W . g t T
& o s’ ‘
@ 4w . ) s ¢y © ¢ @
,?‘. ’w 5 .g
’ s &8 e o 'P e 4 -
— — —_— b - ad _—

Fig. 3 TEM images of TiO2 NS(a), Ag/TiO2 NS({b}), Cu/TiO2 NS{c) and Ce/TiO2 NS{d)

P-101



L4 i A

Research result

Metal doping of TiO2 NS changed its white color to brown (Ag/TiO2 NS), violet (Cu/ TiO2 NS), and blue
(Ce/TiO2 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.

Table 1 EDS data of TiO2 NS, Ag/TiO2 NS, Cu/TiO2 NS and Ce/TiO2 NS

—L A — TiOz NS - CuyTi0z NS Ce/TiOz NS F/TiO2 NS

0 Mass% , Sigma 3647, 037 4361, 0.37 47.56 ,0.35 47.45,0.37  58.74,0.36

Ti Mass% , Sigma 6012, 030 55.03, 0.28 51.69 ,0.25 50.64,0.26  35.16,0.23

I . 1 " _ ) F Mass% , Sigma 3.41,0.11 ! ! /! 6.10,0.14
I L. |, . _ Ag Mass% , Sigma / - ’ / /
: ’ Nl : Cu Mass% , Sigma / / 0.75, 0,07 / !
Fig. 4 XRD spectra of TiO2 NS, Ag/TiO2 NS, Cu/TiO2 NS and Ce/TiOZNS,  ce masss, sigma / / ’ 1.90,0.08 /

TiO2 anatase and TiO2 rutile

100.00%

100,00%

I l TET  hLET
S0.00% - | 1 1 90.00% I
l | 80.00%
& 3 = 70.00% T T
.' cooox Bl ‘ TiD2 NS - J— [ 17 B TiD2-ST-01
5 m AgTIO2 NS 5 50.00% J_ J l m ARITIO2-5T-01
E Loom CuyTiOZ WS | 40.00% - CufTo2-5T-01
g 3000% Ce/TiO2 NS B s000¢ Ce/TiO2-ST-01
0.00% 20.00%
10.00% 10.00%
0.00%
1h 0 sh h

0.00%

antibacterial efficiency

under UV irradiation without UV irradiation

Fig. 5 Antibacterial efficiency of TiO2 NS and metal/TiO2 NS Fig. 6 Antibacterial efficiency of TiO2-ST-01 and metal/TiO2-
under UV irradiation ST-01 after 1 hour

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.
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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”

WA, 3D 7Y & — (3DP) &, MFZERIGHICBWTHR E LWL 2%, 1BAW0B CEH ST
5o FRCHERL I T, HWYERL, b —U A R SICEAEENTRBY, sV AE—R 704 —7
NT TITAT UV ALEBEEE TEXHL51C720 252585 12, 3DP TFY ¥ hTX HHMEO— DI RGER
J<— (SMP) &5, SMPIZZDIRFTIBREIIZIED LI AR =Y A~ AT — RSB IERT 74 7
—~OIEAPHFI TN D 2

AWFIETIE, JeiER R (SLA) 3D 7V U X #HWT, U4 —F— " A4F& 3 pighi PR HIEE 3DP A
H) #FR L, 20fHliz1T>7-, £ LT, 2afgfig 0 (FDM) 3D 7' > % TSMP #&EE L., RE %
HAE U 72 3 a7 5RER & ARG RBR ATV, R B oIS A RE LT,

2. HAREE

2. 1 OF—2—NR{FE 3 AHITAEDREK

3DP {5 E (Fig.1) @7 —#Ii%, 3DCAD Y 7 I (Fusion360, Autodesk #1:#) ZHWTIER L7z, 7T 2 F
v 7 OWNTRAEICEET 284 (ISK7171) 2S5BSR MEHE 64.0 mm, JEF K OKFFEOFA Smm & L,
SLA 3D 7'V % (Form 3, Formlabs) CTi&fE L7, &M L72BHABIZME & ibKEDOBLE LD 7 4 T —
SLAEAE (Rigid 4000, Formlabs) % V7=, &M & A — 1 —HELES0ECd. —kmdifb L, #%FH@ v 3DP
IRENTETWD Z MR LT (Fig2), e B OFmIL, meilig (EZ-LX, HHERET) #HWr 7o
AR (10 x 80 x 4 mm) Z BT & U CTER L 721 p R CRQHP LUK CoRBR 21T 72 (Fig3), 7=, k
xR & L CaARMOMIEOIEETORBE LT (n=6),

3 TR TIE, #R SIRIE DTS H.T 14.05 £ 0.27 MPa, 225 T 14.38 = 0.16 MPa, /K1 T 14.38
+ 030MPa TH V., #ERDIGE EREOERBG LN, %o T, ERIL 72 3 sl 3BRIE 13 EZRICR A
TE5HEEBZONT,

Universal testing machine

¥ ‘ EF (EZ-LX, Shimadzu)

» i
Ry

k=g
PRI

Flgl g — RN A& F1g2 iﬂa:ﬂ% L4 —4&—12A {Tj‘ i 2 ~Thermostatic bath
3 sl R e B = 3 AT REBR IR A
® 3D ET IV

Fig3 74— —/SAff& 3 mhif
ABHBREZMEH L 3 A
iRy v 7 v

2. 2 3DP A SMP 0 3 s=ph(FEAER

FDM 3DP (Ender-3 S1 Pro, Creality) Z{#H L C, SMP (SMP55, % 2 —7 7)) OB % Fig.d OEF M
TER L7, BB O A X310 x 80 x 4 mm & L7z, 3DPIAE THRIEET L OUKF (iR (RT ; 28C) B &
OOFENEE (38°C)) T3 MR E21T-o72, £/o, MIEOIGEETHLREZIT-72 (n=6),

P-103



AREBRFE R % Fig.s 12T, MEDIRE & RAH 28°C TIFAEEIT -7 (p<0.05), —J, K&H 28°C
Lok 28°C TR DT ) NAEICEWVENITMS 2R LTz, —JF, PO 28°C & 38°C TiE, 38°C A K
IR o Tz, REBRTHEM L7 SMP X4 7 AHEf A 55°C Th 523, 38°C THHL LIZUH D Z &M bh
o7, iz, OB F LR LN, AEICEENS FRLFnbboT,

— 80
80 >< 170 X4 {(mm) 80 —Conventional jig n:6
- 70 | —Air 28°C T
—Z 60 | —Water 28:C s 60 222
- —Water 38°C -~
: ] _ — 50 | £
A & § 40
layering direction = 40 =
) — e g 30 | T
Fig.4 3 Al RARMER 9 3 20
fezowmsm B 200 <
10 - 0
1 1 B o0 O O
i 0 5 10 15 & &L
¢ K K
Strain (%) o

Fig.5 3 AT J5 B A8 Fig.6 3 sl atB dhifsm s

2. 3 3DP A SMP M izikECiERER

FEIRFEIERBRI ISR O L (4) 2251217 - 72, FDM 3D 7'V >4 (Ender-3 S1 Pro, Creality) Z i L C.
SMP (SMP55, ¥ —77) OB % Figd &R UER M TER L, 38RO A X%, 10 x 50 x 1 mm
& L7z, RBR A A& 55°C (2B L, 180° fhif, =iEICE TR L (Fig.7), A (38°C & 55°C) 2 A,
NATERNTREL, AELZHEL] (h=6),

ARG R OFE R % Fig.8 2”7, 38°C & 55°C TIIHH L MR R DN R/ | 55°C IZBI L T
X4 BTIRELOBIRICE 72, —75., 38°C TiE, 1 FffE-> T80 + 62%ICRE-7-, £7=. hEKHm
ORBATLRBRE LI ZA, TOBRICESL T, LESTLEI DB BT,

180 5 -
150 55°%€
= 120
() J
E 90 2 4 6
@ 60 time (s)
30 | -
300 s 3600 s 0 ) . - .6
0 1000 2000 3000 4000
time (s)
Fig.7 J48 72 {6 BRI 0> SRR 00 15 ] Fig.8 TR RBRISOREBH O 38°C
221k (38°C) & 55°C R DT IR T DI AL

ibEE Y DEATHERT212E, ARRERESCIREZLIC X 2, IR, &R hme %
BT DMERD D LRbhroT,

3. ZEXHE

(1) Chenyuan LI. et al., 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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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

A XYEL RO NV B & — (BRFEFEALFELTL) OBEBFAEAIRRTHENTZ A E U REE R
T, TOH, BEFHERLHESCE TV TIONATESN, NV 2 —DEBE AV E a1t
T DI ) AT VDAY FHIRET AR, FRZ, XA YES REmmDS 5 nm LINO NV
tUH— W NV BF—) F EEAE CICHERFICEWED, XA YEY RREICEE LAY
H R DZE RS (AMF) IR T 38, 2oz &%, HlziE, ¥ v /30 B 8 ON FREEMNTCIEM <
XDRT UV NERFOZEERL TS,

EBWVWHE— NV B ¥ —[3EBICERETHDL & SNTNDHEN, 2 DOFERKFIZLY T/ NMR Bo—L& L
TORMAMENFIRIND, NV B ¥ —%HWic—fi#)72 AMF JIIE ClE, kHz 4 —% —OJE 3 fEhe <
b, fLFELT NE T BTV T EBTHEREA Y CEBEOCFREGEZFEET 2 I12IE, 10 Hz AR O JE 3
B RENMLETH D, FHEMICIE, WERMZEET L2 TEYBWERRDHELHLZENTED
D, ZHUINV BV X —E AT Oab— L U AR L > THIBR S a8, 2 FHHOFIBRERIL, A1 ¥
FL ROBITRNEREFXAVEY FRORETH 242 THHED, HFINERDRMENZ L THD, 2H 5
HHIERFRZIER 35 2 E THRFINEREZM O Z EITARETH 208, EVRIERRINLEL 220 | L9k
OREMENRR SN TND Z L EFET 5 BRI TR,

b 2 OORMBEICKT AIETER R BRE L, 2 DOMSE LTS8 TH L MR > TWVW5, BTt
U7 halOBICEREH T, JAEBOMHET NV B4 —E A Oak — L U ARFHIC K
LR A R T D EF~T a XA 1 (Qdyne) WG SIVTWAEL 2 SHIE, S FIESFEOR L& H I
LT 7 b=y 7B ORECTH D0,

AWFIETIE, b 2 OO EOFTNEREG L, XA YEY RREICEK LT /BT —H NV ¥ —
Z 72 Qdyne AMF JIIE DGR 2 7”7,

2. IERRE

XA X E L R Ib(100)#5012 12C JEMEERE (M 99.95%) % CVD ik S H®7-,
15N A A EAQRS5 keV, 1.5x 1011 cm-2) & BVLE (kFET7 =—/1:1000 °C,2h )
Zhi L, REEMEIZEN NV B X —%2FER L, ETRY V777 4— (50
keV) IZXV 2L YA (230 nm J& PMGI 0 220 nm J& ZEP-520A) (Z#7¢
HEROME A2 — (F 7 ET—HO NV v ¥ —3F 3 #) ZESIEK
L, V7 "NAZICLLMEAE TIEE (70nmJE) 2~A 7L L T02 77X~
ZHWIZ ICP-RIEIZ LV F /77— (EA96nm, &S 260nm) ZER L, WEHR
T =— VHLEE (465 °C, 8h) #1T-7= (Fig. 1),

F T —OHEIIARESRR Y 2 2 L—3 3 > (OptiFDTD. Optiwave Systems) Z#fiH L., # A ¥
Y RREOPHES 5nm ([ZHE I N7-H—0 NV st L Tk z217->7-, FDTD v = L—3 3
v OFER O & Fig. 2@ IR T, ZOFERIT, 7/ BT b OHNEOHEN T ) BT — L L A A

Fig.1 7/ 7 —® SEM #
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Mult sensing with Multiple FETs using the Common Gate Method
by Reona NOMOTO, Hiroshi KAWARADA, Hirotaka SATO, Yu Hao Chang
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L7=DiZ pH (IS A2 R4 R i dm 4 1 v Vs Voo 200 Lo

&2 N SGFET & CLIZESHEZ /R4 /KFE o — = FCHIM ol

KA YEL R SGFET Th 5, 2HADL A ¥ l < S
E2 N SGFET OMIFERIS & UVeg — L5, 2 3 osd  69MV/CI -
KRS Fig3 3 £ Of Figd (R, MR U [

Ui 4 A ¥ N SGFET I pH4~pHS8 |23\ T HySreges ormitad "0z o4 n.?'géx\ Il.l] %00 o2 0+ 06 08 10
23mV/pH & WO RISHER R LTz, £, KFE <o VsclV] M

#&hi & A ¥ € > K SGFET (X Cl10.IM~1M {235 Fig 4 KA A ¥ FSGFETORITER L Vg — L THEH X CCIBIGTE

W 69mV/Cl & W ) IS HEZ R LTz, RIZ,

ZO2FEDH A YL F SGFET Z W T~ /L F & 7 %2470, Fig.3 3 L O Fig.d Ol & ik LF%
DRERDBG LN N EMRT 5, FEORER G LN — NEMEEZ AW~ VT2 v TRAEET
bHHLENSIZLTHA,

2. 3 2FEOAAVEVRSGFET I2&KBTILFEUV VY Voo

Fig.5 [CHEEMIN A A ¥ K SGFET & KERIEL A YEL '||+V®@—
R SGFET ##Zfarbitiz~ Tty v 7 OlER4% ., Figé {HF®-D——
I RN S A ¥ K SGFET & KRKIEF A ¥ EL R i

SGFET IZ XA~ NTF L v 72 ko> TH BV — IRHE
%89, Figs OWER%E LD E. D0 FET T4#— &4 3t
ALTWDZENGND, ThiE, 7F— MEMEZ WD Z & =
THEEIC 2> TH Y, Bk 8 Lo — NEMm 1 DT i

be/ﬁUE%QEk{K%%<: EMXTE o VJUZ\ Fig.6 D% n AEREL A VELF "
TLL L I ko CTRLNIEERICERT 5, SRISHEITETE Rl el dpds

pHEIS

DEZPORETHIENTED, EZ T 2HEBOY A VE

>R e HZEBIEMN Niabe 5
¥ K SGFET M ED L HIZEENHERE L T DI NTERT 5, Fig.s BERHH X 4 & ¥ FSGEET & KRS A 4 Y2 v F

F#&ui4 A € K SGFET % pH4 7»5 pHS SGFET%# il &bz F v v v 7 OlllE %
B LT L EOHREENE(L L, pH IR 300 300

ZH M5 & 24mV/ipH & 72> 72, Z AT Fig3 w0| Gpum 226pA 250} CpHERS 226 pA
THOALE mVpH L7V IENETH L. 200[ A = S
KFEHIGZ A ¥ E L K SGFET (X CI0.IM 7225 2 150} | 2 50l

IMIZEL LT & X OBBESELL.CLER ™ ] ] ~ ol

MAEHT 5 L 69mV/Cl & 72 o7, T iU, sof i sl

Figd TFH AL 69mV/Cl & ASOETH 5, R RTR e T ol ~ 091V} |
ui@%%ﬁ)%\ ‘?/1/5':“12‘/“/:/7\{:}51/‘“(\ VSG[V] 0.0 0.2 Ol.;sclgﬁ 0.8 1.0
FASRA&I 4 A ¥ % > I SGFET & /KSR 4 1 AR pH4, B&: pHS,

Y K SGFET X AN B PEIC 8 % 5. %z
PARSEDRIGIEZ R Uiz, Zhud, #3o FET

| OpHRXIT 226 pnA

Z[AIIRFIZEh 2> LCH FET D3EF AR K DR % = 200 e 1
BonbdEWVWHZEThHY, F— NEHEH 2 13"
WEw LTV IRERETH D DL R = ol i

LTCW5b, 5%ITE 5125 < O FET Z IR
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3. &EXW
(1) H Kawarada,. physica status solidi (a) 208, 2005-2016 (2011).

(2) Y Shintani, H Kawarada,. Sensors 17, 1040 (2017).
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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 - @iERE L - Z2HRELIC LY . mRE, T L—2AL— DT
A4 AT VLADEBBRLT LR LT ITNRAL AR 2T T T INTNA AL WS TGk DT 4 A7 LA L%
H 72 DREREZ FF OB 727 A ADBFRRD LI TN D, AWFIETIE, BT A 2O @R ki
T RS REMERR L TR RS BT BRI - RA A —Y T u v 22 RH T 720, 77 X<l L 51K
R0 AR EIT> TWD, K, SR OREE 727 1 & A B 2R B L) -8 A I O AKIR
ERRIZIANT T, v 7 3 b e U IEICHEREE T T A2 EETH I LIZED ., ARy RO &
TR O ORI TR B B SO ERL - OFE R A TSNS KI5 2 & N A[RE 7R, 77T A~ SRS
PRy &) o 7RI AR L. 2N E CICKIR CEAVE 7R a-IGZO MM Z B L T\ 5, K
FEEL, Bl OMREVER L8R 2 O - @ PERE TFT OIRIEERZ Bis L €. 77 X~ KBnE
ANy 2 o BRI T, BRSSO E L THER SN TWATEL T 7 ALY 7 A
(a-GaO) A W= R 7 o O A X DI E R, & ORI 21T - 72,

2. HEBRE

7T R TIRSUGME Ay &2 ) o 7R FZ a-GaO MR DRI 61 T, A28y & U o 7 3EE o W
BLOHERRIZR 21T > 72, B 100 mm OFEFEME D Gax0s(FiE 99.99%) D EERE AR Z FAV YT a-GaO A Z
T D72, TT AR IARKIGMEA Ny &) o THEE R RF v 73 b a o A8y B A ATREIC T D 44 E
WCHR LTz, RA o H 72 AT 7 FICE A EN(13.56 MHz)Z A L CHEJElFHEME AT 7 X~
(ICP) #AER L. #—7%7 v MIEAMEEA3.56 MHz)ZHINT 5 Z Lok v, Ay X U v Rl LT
Sfc, MEAAL LT Arth IBE T A% AV, M itEE 2L S B 72512 T a-GaO AR EIT - 72,
F7o. TOHERET v xVEE L THWZHERE R Z > 2 & X (thin film transistor : TFT)Z /ER L &E5A0%F
PEDRH 21T - 72, Z DOFER., M iR E2 2k S8 5 L BLRIEPURZ A b 8RR E < BbaE 5

£ TR T L B B B 45 ———————rrrrrr—rr—m 1200
— : ] < L C
& 54 1 3 %% 11000
(\') . o L ] g
L @ © i ] >

53F 1 S35 1800 o
> o 5 ] 5
= - @ @ c r 1 o)
UC) L ® ] L ] =
© 52¢ 1 2 3 - 600 <
2 I ° | 3
£ { = - e )
= 51 F ' 8-2-5:-] :4005

5 T 2!! ‘ ‘ ‘ ‘ 1 200
o 1 2 3 4 9 H. flow rate watio H/(Ar + H.) (%
H, flow rate ratio H_/(Ar + H,) (%) , flow rate ratio H /(Ar + H,) (%)

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, INODOHERNEZFRDHTDIT, B LR O MRS O RGEE & BENH 5, BREED H
TR IR TEZ 7=, Fig 1 [ RA TR, HitRib 2 2L S8 TR L 72 a-GaO O IT, He
PEEFEDY 0% 5 0.5%HEN79 % & 5.36 g/lem?® 75 5.26 g/em® [Z2JKIZIHD Lz D5 He it &L I -
THERMIID L 5% T 5.09 glem’ L7272, 7V A L—H —HERFIE(PLD) CYERL L 72 a-GaO il Tidk,
BN 5.2 glem® LU EDOGEIZ OB EXULEE NG D, FEEOBMNE & HICEREE TR
B4 2 D, ABFZECIX, BN 5.25 g/ cm® & @V a-GaO IR, HEHIER< 105 Qem FEE T8 (A
BEFOZ LN, AT IRE BT AR ENE LN,

DN I AT HIEORE R 2 WV THEE L2, a-GaO KD AR R vy v T gL ¥ —E, &
T =Ny J TR F— By D Hy TR EORE R A Fig2 (27, Ha PO Eg 13 0.5%
FTIL 410 - 3.94eV TIRIFT ETH o720, 5.0%TiE 2.53eV & RIEICHED L, —F7. EulE 0.35%D
319meV 726 Ho it O & & H 12 1071meV £ THFNTHEIN L7,  EII=ES (CB) &fli&E 74 (VB)
DT —/VIREEDMAEDLETH D, ZhE, V77X ¥ v 70N E RO HOBREEZF L, TELT 7
ZENROKRMEA M 72 CICERT D EEZBND, 2D LIE, & H MiEEc BT 5/ &7 E il
PT XY v TOENE IR L TODD, TR Ry » AT L TORN T & E R LTV D, a-GaO
HIEOREEOELAUT, H JRELOHINE & I 2ElmAH 5, I HIZ, Z0E, WEGERE T a-GaO
HWEICRAET D07 v v TOEIUL, BEEKE, KEXRGAMY, 7ELT 7 AOENOMRAEGDRIZL S
HLOThDHEEZLND,

2 BN
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, €359 (2017).

3. RRMXF

JFR & A 3C
Kosuke Takenaka, Masashi Endo, Hiroyuki Hirayama, Susumu Toko, Giichiro Uchida, Akinori Ebe, Yuichi
Setsuhara, Analysis of residual oxygen during a-IGZO 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-IGZO 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-IGZO TFTs fabricated with plasma-assisted reactive process: Impact
of sputtering configuration and post-deposition annealing, Thin Solid Films 790 (2024) 140203.

ERSBERR

. 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
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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,
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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
VX —(3 1.43eV[1]TH b |, JHF L~ THFMOut of plane: OOP) & Ui N (In plane: IP) DX 7 T

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

Fe-FET %, — MR —HIcmEFEEAREED FET THY., 77— & F vy 2 AMEICER%Z
5.z <. 5’&*55{7-13@ ﬁ%/\ﬂi%wfhé&%o ZDH, BHRZYVI> COERESMICEL Y T —2%
MR T2 A HEREAEY ELCEIfET S, XKIMRAHERAEY TH L, BT {LE XY, H
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 7avz s v B, FYyAAEE 1Ipm UL ETH Y, OOP Misdzic X v 2 €Y FE
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/
X¥ryv 7EBMEICa-InSes #AX V7L, FhLavixy Hlqg-In,Se; Fe-FET Z{E#LL 72 (X
a) » FLA4VvEE VHINEEOEIIZLZ5Rd (Mb) , 265VOFNL A VvELELLRS 12V D
KERAEVY 4V FUDBEEIN, FhLaavx 27 P Fe-FET CTld. a-In,Ses DHE P JTH

(a) £ (b) 10° (c)
ioonm 3 L4 o ig
B g _10
ST [/ ¢ z |
g s P x )
b i — - OO0V O
S B 10° 128 St g sumoo
& | P - on state
: 5 ‘ ! o off state
SiO,/Si Pt i Pt 100 nm 105 L T 107 L R L . 1 N 1
: -5 0 5 0 100 200 300
Vg (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) —& LCEEL T3, R,
300 PLL EZE L 2Fifi LT3 (Mce) o TNHDFERLLIFHAL 1L, a-InSes DHEINI G Z s
AREFRAEY) —5hRE R L av &7 P Fe-FET B CHBLL 72,

F 7 F v AR b Lav iy BIEEEEEER a-InSe; A E Y TlE, NSRS [ 8 R IC
Lo THEIFT 2720, Xt o= rF LV (MLC)ICHY T 2 k4 it EIRERHF L5
AR B B, ¥x v TEZMMML L 727/ F v A VBB EAR 2 £ V13, SEERKHARR
EREAT) L LT, EEHE~OICHPAPREENS, AW AE) —IGHETRKEL TV 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.
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Blue Organic Light-Emitting Diode with Extremely Low Driving Voltage
by OSeiichiro IZAWA

1. BAREHN

FORGIZFEAOFT TRLEZ A —THDH &, AR EZEVHT TR LR END,
BT OBRBICBWTIROEETH D, A EL FBECTHRINTWD 00, HEOFIEIZE L CIiihk
BEENKRE N &R0, m&ﬁﬁﬁwﬁ8®ﬁiéiﬁ’@21wé B RIFAY— 7T 4 AT LA
FEEEDRIMEE CTH 2 100 cd/m? DEF ORI EGL 201X 4V IEREOBILEZHMT 2 LERH D 1,

1532k @ﬁ%EL@%tﬁﬂ&Lfi%%®$ﬁﬁﬂ#ﬁwEhTwéoﬁﬁ@hﬁﬁ%éhf“é%
T BHCBE PR ZE RO BT, FEDIRITE N DD BB LN TIHAMEICS D, ZAVTEEH
BHOBGEME LB E SO EHI S R A L& 5720, ZHEIEE FOEMN 2 F O 3L ¥ — L& R
FED3eVEEE TEHZANF—LIEILERH Y | ZOET X —0 ZHIAFHE -3 MBSz 5| &
EZTNHThDH 2 —J7, M Elo ZEHERHE 713, Bl 2 IXREN 2 FREIMEIOT > 77 38K
T 17eVREELEKZRXLEF—TH D 3,

Fexld, ZoFAEMEORZ RVX —0 = EHIAFE 1%, KEE CIRAICHIRE L, —EE— —HH
HI(TTAWC K AT v 73 n"—U 3 VA RB T, A EL OB ETE 2 KI5 &
& 2 1=(Fig. la), = Z CTHORNMEL & BB OFH OGO 2 L, %Eh 1 K5 DiEE T
H5 15V T462 nm OFEORENBITE, T4 AT VAREORNHEE TH 2 100 cd/m? 121X 1.97 V T
BT X LHBIKEL CHRENT 568 EL #BH5 L7 4

2. HAERE

FPHFORNMAE LTT > F I FEA  1,2-ADN Z U 7= (Fig. 1b), 1,2-ADN |35 A% = S IHEJGhE HEAT
(T2 1.7eV T, Ff&—BEIEFEENMS)RZF D fEDTF X =L H/hE029eV THDH[3], - T, &
%4&ﬂ%%t FI2O DT )X —WENDEN 2723, 2D 1,2-ADN (ZxF LT, ~7 v #2652 JE AL

EFEEEM B £ 1B T 78 72 =B E LT, kA EL B THUO S TE - TmPyPB,
BmomxBMWMMAt\ﬁm?&tf&—@%ﬁﬁéNMHF%%thngOﬁ%EL7A4x1§$
KEIZL > TERIL, = OEIE ITO/MoOs/ % & /8 1 J& /LiF/MoOy/Al TH 5,

Fig. 1¢ 12 1,2-ADN & 4 Fi¥H D E 1 %%ﬁﬁﬂ%mwtﬁ%EbTﬂ4x®%tﬁf@)AﬂW%i%Tﬁ
T _NTOT /A AT 1,2-ADN 75 D 424 nm (2.92 e VYD F AT BI S iz, — . ZFDORCBIEEEILE
FEEMM B ORIEIC L > TRELS BT, A EL T, AD X — 2 A U BIE, OF D BIEHEED 1 cd/m?
& 72 5 EEIL. TmPyPB., BPyOXD. B4PYMPM. NDI-HF TZiLE4L, 43V, 29V, 3.0V, 1.7V Th-o 1=,

Z ORI ELDOENE B ST 57201, EL BEOREFE 28 Lz, &3 0Ek0E s Ess

BT 5 TmPyPB, BPyOXD, B4PYMPM % FHW=35A121E, 0.1 ps PLF Tl IR T 2 52y 28 90%FeE %
(@ b O ©
& & Oﬂ\©io (2 1000 = orHF
() 909 4 Ch NP 1 -=-B4PYMPM
©_CT state o g ) BPYOXD = % 100 —+-BPYOXD
@Recom_bination OO C § —ﬁ—TmPyPB
Selective at D/A interface 1,2-ADN TmPyPB 8 Z 0 A v
triplet ’Q §
excitation Blue UC oo k=
“i% ) emission % 14
WG SN Y AN N S SN—
B4PYMPM @) o 1 2 3 4 5 6 7

NDI-HF Applied voltage (V)

Fig. 1 (a) AHE EL 321 L A B = XL DA, (b) 79 TAHIE. (¢) KA —EERE
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HHDHZENgDoTn, ZIUITEREAKICERE S A ST S0 HEkT S, —J7. NDI-HF %
HAOTEGAE, ps A= —OBWRNFEEOABHI SN, ZHUTENWT 2B XTHD T) OILHE LT
TTA )t _EH;Ea“éo DF U 1,2-ADN/NDI-HF OF /A A TlE, (KEE TR T 2kt & T TTA %
ML THRNT D ER ol

Z I CIREE THERIENEIBRIET D 1,2-ADN/NDI-HE O#LAE 2%t LT, #eM e E LT TbPe &3
JEIZ R—7925Z LT, 7134 AEEORE{LET>T2, ZDOT 734 AT 1,2-ADN 225 TbPe &::*/I/ﬂe“
—RBE X 462 nm (2.68 eV)IZ ' — 7 Z RO H AR DB S 4172 (Fig. 2a), DT /A ZAD L-V Rkl
B— 2 FEBEN 14TV EFEFITNE L, 27%F7i/7417v4ﬁfﬁ%ﬁﬁffﬁémem(
X197V TEFEETE D Z ERbho7o(Fig. 2b), S HIZT7 4 NEA A — RTEBEICHEEITHY &, HE%
KA 126V EVHIBIKBIENSBHITE D Z ENbhroTz, ZOFEEL 73 2% 1.5V O EmE 1A
DRI THAOR KB T X 72 (Fig. 2¢), ZOF AR OIMNBEFIUHEIL3.25% THDH Z L Bnbanol,
BT T 72 BER OBRFEIC X 0 B m LN A 5,

14 103 c
@ “— 462 nm (2.68 eV) ® ©
12
g R 100 cd/m?
T 10 ] g @1.97 v
5 3 100 A
S 8- O.O o~ 1 cd/m?
2 2a g 107 - @1.47V
z ° 8 102
g 4 | TbPe g 10°
= = 1.26 V
52 104 —
* T JE L SN —— 105kav@@,,,,,
350 450 550 650 750 850 0.5 1' 15 2 25 3
Wavelength (nm) Applied voltage (V)

Fig. 2 (a) JEHEA T Fv.(b) FilfbT /A A DBRE—BERFE. (o) FoEM 1 AT FOAK EL #1005
=)

.

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).
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Optoelectronic properties of non-crystalline Fe;04—Bi>03—B,03
by OHidenori HIRAMATSU, Zhongxu HU, Kota HANZAWA, Takayoshi KATASE,
Kazuki MITSUI, and Akira SAITOH

1. BAREH
7 ENT 7 A1GZO (In, Ga, Zn, O 72 54b6W) 1, IEMEWE TIIZ L Fx V7 R—E 7 nEH
L7232l T v . RIBICBWTBEIER 10 cm?/(V-s)Znd n BEERTH D |, —F, BthH T =
‘i EBRERAEZEICIER, BT EEEXY VT &35 Va05-P0s 7 A 28 CdO-GeO, * B#E S TE
BAREAD=ANE, BIEIER Yy B TRE 2 BEFIIANC NMEETHD 3, BILWRES & 1TERY |
%%h%%&m%ﬁ711ﬁ;7%»77X%ﬁm@ﬁ#%%ﬁ@mﬁﬁﬂlaﬁﬂﬁ%ﬁﬁf%étbm‘
B TE D EMEXUSEER L OBEIE OMEITH S STV 7RV 24 RIFSE T, JE4E Bin03-B203 12 Fes04
RV 7552 LT, BHBEORIZMG LR,

2. HRAR
2.1 EBMEREAEFYHRAE 10°
g‘/A ./f J:OT\ Fe;OUaE }‘ 1% __(a)
—bB 7 L E Bi0s-B0;
(;f*ﬂﬁk xFe304—(5S—x)Bi203—45B203,
x=0-10mol%) Z{ER L7 5 &k
DT IR 2 53 I EERT THRIE L
SR EL DS A= L F — (R A7
MERTZ, £ LT RRIRA~T R 300 350 400 450 500 550 600 20 70 6.0
JVIZXIT 5 Taue 7' 02 v b &2 50 L, Wavelength (nm) Photon energy, Av (eV)
HFN Ry v T a G, A—
BEE, v VTRE, v U T0
FtE% R 5 7o Iz A — VL EE
LBy JRB OB AR EZ |
SRR 5 400 °C OFIFH THIE LTz,

Transmission (%)

o

< 300

£

L

i 200

] 24
t; 100 25 7,

3 2847505

A£177-78033eV

o

25 30 35
Photon energy, /v (eV)
L |

Absorption coefficient (cm-1)

Fig. 1 Compositional dependence of (a) transmission and (b) absorption
coefficient spectra of non-crystalline xFe;O04—(55-x)Bi,03—45B,03 with x =
0,1, 2.5, 5, and 10 mol% for ~2 um-thick films. The insets in (a) and (b)
show a sample photo of the 10 mol% sample and the Tauc plots, respectively.
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Fig. 2 (a) The dc conductivity of
non-crystalline xFe3;O4— (55-x)Bi,03
— 45B,03 with x = 0, 1, 2.5, 5, and
10 mol%, plotted as a function of the
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reciprocal temperature. The inset is

the dependence of activation energy

on the Fe;O4 concentration.

(b) Thermal expansion curves of

non-crystalline xFe;O4— (55-x)Bi,03
—45B,0; withx =0, 1, 2.5, 5, and 10
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Fig. 3 Temperature dependence of Seebeck
coefficients for non-crystalline 10Fe304—
45Bi,03-45B,0;. The insets show the AT-AV

10Fe304—45Bi,03-45B>03 at 400 °C. The carrier
density, optical bandgap (3.3 eV), and apparent
gap energy (2.5 eV) ascribed to the Fe3;O4
substitution are indicated.

plots at 7= 274 and 388 °C.
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(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,03—Bi,03-B»03 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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Thin-film growth of heavy-metal nitrides by reactive sputtering
by OKota Hanzawa and Hidenori Hiramatsu
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Fig.3 Relationship between obtained phases
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Fig.4 Schematic images of (a) the rf magnetron sputtering
system and (b) the heteroepitaxial relation.
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(1) Y. W. Fang, C. Fisher, A. Kuwabara, X. W. Shen, T. Ogawa, H. 0.0 [ L 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 LaWN3 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
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WZH 5, FRER R IE R B A R T~ a3 T R AR A CEALIEN R T EIN TR, ZhafH &
S B 2= TR =T — 2Bl CEAZENRIN TNDTZD THD, — T, ~IT T HERL 125
HECEAFMOT A 2 D EBRIF 2 TR0 HEA TR, ZZ A TIX, 20X B IEREMD
BRI OFRREIC X L TR 20072 T T a—F bR L 37 ERL T A AR T A E O KDY - b
BLOBHE ., TNoE W =T A A EVIZ AR Y VBB RO B R IZEWLA TS,

2 MEBE:

T T AT =2 (vdW) B E AL D L7 TIIMNR e Y 10 (Weyl) Y48 T, BLUR -8 Tl otk
AT Iuiixs QDT 127252 THILID WTe & AFCTE D mMME (99.9999%LL F) DJFUEE T
BB T B LB S LTRSS LT, ~EBEAM IR L TR A R EL L7 WTe, 2V T, 55 - vdW
FEEERI Y7 I 7 0 — i BEL T, K1 (@S K TRULIZE T A ARG ERIL T, L
JLCIAAHZR h-BN #afa R C 2DTI OB 1 J& WTe, O b T2 {##L . WTe, (2 PA/NbTi EMiz =y a 427
ST L Uz, @Y BVLER (BEH) 12K > CTED PdTe, BmERNMRES WL Vat 7V 84815
ZEIZED MReY IV E T E Y REL TOMRED BN AREIND T NAAREL TR LT, EBRITIERIL =7
INA ARETE DN B EE T E A X 1 (bR T,

\
|’rrighl:

B 1. 2UGENRR A RO WIS TIH WTe &, BZMHR PdTe, LAt CHER LIRS 7L
BTU MR R L DML a7 VAR R 7 A2, () B, (b) (ERLI=7 /S A X B I,
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(b) a4l f =0.60 GHz
L5 V.=-02V
3l Vi =34V
vru.:lll =40V
P 2t Vig = 0.0V

w
dV/dI (k)
V/dV

—

— —£(.0 dBm
—_— —42.5dBm 1

—35.0dBm
— —30.0dBm |

-2 0 2 -

A0 S0 40 B0 420 .
I (nA)

Prr (dBm)
K 2. B a7V R T NAADY A aE (v ER) IRE, () 0.6 GHz O~ A7 afl B FEOHK Sy
I (dUdV) DT NARE I L O~ A7l KA, (b) AR v n Ty 7 IR E dhf,

TERIL 72T SAATIL, THEROD SiOs #afg iz L= Ny 77— B LN, _LERO h-BN ki 1-@a i Lizh
o —NEEIETT 2 ARERRIC L CTHY . T BT L > TTF AL ROV at 7 A R O 72 R R
AEEAT o7, v A7 A RO BT (d/dV) DEALE | T RARETRIBL O~ A7 58 O AFEE L
THELTZEZA, TAAANBIRE a7 AL LU CTHERET DI E D EMRFEILE /2D v B a R E D
BN T U= (2) . 2(b0WZARR MRS E HfR A R U720, IS B RN E DO EIEICE TbEhb
AR ATy I RHBRICBLIIS V-, A% TS AERL I A IS ESE T, Yak T VU BRI
BiFD~as RO AL, MRV EFE Y O EILITHERL T,
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Si-MBD ;ZZR W= C-Si-0 FrR)LICED
/=) —F OBEMEF A £~ MOSFET DB

LR R B 224 e OXKMEES, HEZEAN, AR
BRHEKSET )« T4 7RI TR S | R

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. HEEM

RIRFHESOEBUZANS, RU— L7 bu=F 20 aTHME LRSS =2 L LT, ET7—AlC
n BT —BEBRE ST P A Z(-FETs), K7 —AIC p-FETs & M2/ NV 28 B RE 72 8 H 7 e S A 7 o
VR EPRRRINTWVDHO, H—DF—F RIA4TEKIZLY, RAFEDOF—b « V—ZEEVas)IZHB
T, /=~ VU —FT7ENED n- L O p-FETs NRIFFICA REEIZZ2 072N e AL v F U TREOT v K
BALBARELR D, Ko THEEEAA v F U INRARETH LD, A VX I ZABNNSL ), 740
2RO T U AQ/NNUERFIREE 725, T4, SiC <0 GaN, Gax03; 5D U A RN R¥ v v 78K i
n-FETs OB K OPGHILRBEA TH 208, IHRARHIELA o X — IS HIZ W T, @EREZ2 n-FETs 721F Tl
72, FT7— LIk % EERE 7R p-FETs OBIFE AR b5, FrlCERML & St E Lo Sz L 7= /e
p-FETs OBRIIMNETH D, XA YEY RiL, KWW RX ¥ v 7 (5.5 eV), mWOEAMRESR22 W emK ™),
B O EE S L (20 MV/em), IEWVEERGS.T). m W IEFL L 7 BEEE(3800 cm® V- s1), mWIELT ¥ RIL
BB (700 cm? V1 s D7 RS L CTEB2UMEEEZ A L T0D 2 &0 n, IR p-FETs & L TH]
FENRENTWD, BHERNV NOEEEEZH D /XU —MOSFET TiX, 7 =— /Lt —LOEHNG, F—F Y
— AMEIEN 0 VIRHIA ZIRREIZ/2 D ) —~ U —F TEENRRD LN TND 0, HEROKFEKIGZ A e
R(C-H)F v /v & W28 MOSFET TlE /) —~ U —F Y BIEVin: +15 ~+30 V)0 L 72 5 TN, RIFZET
%, % 7 B — A HERE(Molecular Beam Deposition, MBD) k& I T, &b > U = U #&iH(C-Si-0) F v 1L % FF
OIS A ¥ K MOSFET Z{ERL L, / —~ VU —F Z7EEICIZ 200 mA/mm LL EOFK R LA L EFE
FEaER LIz, 5T 5,

2. MIERE
2.1 TNRAREETOER
C-Si-O F v RV O X A =& K MOSFET ™

B conc. [em?]

Wik B & [ 1 1R, BANS00)p ¥ A YEo Rk (E-1x100 | Tic Lg=8 pm

Wz~ A 7 BT T X< ALF AR (MPCVD)iE — B

WX uitFm Y — B RO7 ey Bl LT, TV l;ér&;myermo“m

=7 O&EFE R—7@x i 1.5 um fKT %, & Nitrogen doped layer f 5

IZ 0, & CHF; H A& W=l fEA T T A~ i Sl | 510, (10 nm) |
PEA Ay F o VACP-RIENZ LY, F LU F &I o]
L, ZORFOTyF 7~ A71E 300 nm D Al .Jﬁ%mm) L\ § er g e
Thb, TvF LI, ML FoyF Uo7 HEA— E3.0 X 10% (0.5 pm) i B conc. [cm™]

5.0 X 10 (0.5 pm) (001) p* Diamond substrate  |_IRolbuAg
Drain (Ti/Au)

COEE L CIRTTIEAT AFERL D785, MPCVD 1
Xy rZay o7y R—=7E% 200 nm AT 5,

D%, TFRITRELLTUEMEIL LET TR % 1 Si-MBD % I\ /2 C-8i-0 F 4 /b
~ TNV AH CVD JEIZ X D 300 nm O Si0, v A (OOD)fEME A ¥ % > ¥ MOSFET D IrikilX]

7 EHEFEL, U/ r v g 50 nm & Si0,~ A7 300 nm % ICP-RIE |ZC p'JE ik z - v F 2 7 Lz,
MPCVD JEI2 X U p'E([B]: ~1x10?! cm™) % il % S, HF(20%)MLEE s KX OBIERES(H,SOq : HNOs =3 1 1)ALEE|Z
kv, SO, 27 %BREL, VE— N T ARETOKET D HNVRBKEZIT-7-, D%, MBD &I T
0.5nm D Si ZHERE L. $217 T 920°CT 15 HEIEZE T =— L %{To7-, O, ¥A YT FERE Si DM
TRILMEZ D, C-Si-fEANELHTY, £ L THEMREZ MBD ZEE) 50 H7 & C-Si-Rifid B RER L S i,
C-Si-7 6 C-Si-0 ~EZfb L, C-Si-O F¥ XADELEINDO, ZDH, CHF:; & Ar HAIZL VT 77 4 7
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WL Ty F T35 ETRFIEEAITV., REO pfE BT Y — ZEM(TI/PYAu: 30/30/100 nm) % fEEL L |
WIZERALAI & LT H0 & VT2 450 FE DR 1 JEHEREIEIC L 0 77— MR ALOs %2 200 nm BT 5, &I
FERERC N LA > FBAB(Ti/Au: 30/250 nm), ~7— M &AL 300 nm) &2 FERL L CTT 31 ASER E 72 D,

2. 2 EHETNARAOEREERHE

H.72 T (~10* Pa) CHIE % @) ®) ©
= Ny = -250 10' 10" -45
- + (I-V) %5 - =1
1T > T B E L -V R % Ion= 2 mAmm | [@Vps=-10V sl Normally-ofy

Yo YA FUAVHEEE g [Res=80mer o W] Vasasy
=331 DST -

BfE(Lsp): 5.4 um, FEhT ¥ % Le=8 pm

Lgp=5.4 pm

@ OFF

-30} [’ns: 0

T . N E-ISO =52 pm / E E E ooy

/QE(Lch). 52 ym, hLF :E I£l>c=;52:m y/ 510" 10:5 5_257 Vir=Vas©) - Vs

WE(Wr): 4 pm, Y —A - Y — ool 2tV E E Eal

A ML) 8 um, 7 — K £ =10 0T €

WWWe): 25um &L, 777 50} 10° 10° 10}

S TR Lss xWs TESR / 10° iy -5t

L7 M 2(a) & 0 Vps: 45V, 10 20 30 4045 20 10 0 -10 20 30 -40 % 10 0 10 -20 -30 40

VGS: _40 V a:j—,\;l/ \T\ ID, max Vos[V] VasV] VesV]

%, 214 mA/mm, 5350 A/cm?, 2 (a)Ip-Vps FFME (b)Ip|-Vas&|la|-Vas F#H:(Double scan) (c)Ip-Vas FFiHE

j—\‘/?&ﬁ Ron &i 80 mQ'sz (a) (b)

Lipolz, H2(b)L V. Vps: —10 V IZ C-HF ¥ R JL C-Si-OF ¥ R JL

BT, ON/OFF HBIZ 107 TH Y . A — (BFHMA: -13eV) (BFHMA: -0.25eV)

U — 27 ERIX Vas: —40~20 V O#Fi[H Ec Diamond E.
E =55¢eV ¢

T 10° mA/mm KHTho7z, Fio,
VGS OEEINEE & RO MIZ 51V O
E AT U AUV w) DR SN2, Zh
27— MR ALO; ~DFR—/L ~ T o
/70@14:6%)@&%2‘5“50 Iz, /EV AE.: 1.9 eV ~2.9eV
BRMEa X B2 A (gnma)lE 15 AEy: 2.9e¢V~3.9eV Larger E, -E,
mS/mm T, KT ¥ RV (1re max) 3 XA ¥EL RE ALO; DREICEIT ST R X— 1 KK
1L 68cm?Vs Th o7, K2)&E V. Ve DET I/ (a) C-H T+ 1/ (b) C-Si-O T+ R /b

13-45V Thsd, ZHicLh /—<

— 4 7 EEZE HEalE 272 200 mA/mm ZHE XD Ipmx L LT, TERD C-H F ¥ FIVT NSA AL Va3
20V LA EBETHA~Y 7 FLTNDZ EDRMERTE D, ZORERATHA~D Y7 ML C-Si-0 i D& 1-Hifn
77(-0.25 eV)O3 C-H R (-1.3 eV)IO LD b REL, A TEL RE ALOs DY RA Ty bS8 %
Z & ET2C-Si-O St ED ALOs DA DEEEM A C-HAE EXL Y &7z & TR TE %5, 4%I1%.C-Si-0
F ¥ FNCED ) —~ U —FTEEICINAZ T, p- KU 7 MEDOEA K O — gD IN(We: >100 mm) & 1T 9
Z T, BMENORERIEER ) —~ ) —F 7RIS A Y E T A 2% BIET,

Al O, (Gate insulator) Ec Al, Oy (Gate insulator)
|E,=7.0~8.0eV Ero oo 2. 1 E.=70~80eV

3. ZEXH

(1) K. Okuda, N. Iwamuro 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).
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(5) J. Tsunoda, H. Kawarada et al., IEEE Transaction on Electron Devices, vol. 68, no. 7, pp. 3490-3496, (2021).
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F/ ES—RBEERIZKBIFTAVEY FRSIVEL 2 —D
SFRHEEEX

BRRH KRS BTN, [T/« 74 7RI ersE 2 OLindsay Coe, AHAC
KA | IR 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

A YT RICARMMIERZRINT D2 LT Ry v THICRMMEN M ERR S NS, 2 2125
Ol7e e RO BE 325 Z L TEFAIE - BIEEBEEZ L, T EHRET S, XA VEYRF
DI 2 —1% 500 FELL b E 22 < FETD0[1], FTH U a2 2(Si) & JRFZ21L(V)DEA K TH
D) a URZEALRE NSV B F ) FEN TR AR D, BT S EEICHV BT
e LTOISHICHIRFSN TN D

LIl X4 YES F‘¢@§%i‘ﬁ?‘/§7~7b:% D BIRFESCTRE 13D TR Z &3 ST 72
ME LS TND, XA TEY ROFEWEITRQAHIZ L0 HEER RN I TLE > Z &N
HRD—>THhH[2], MHENTHIERDIZODT7 FTa—FL LTV Uy FA~—Yar L X[3]. 7/
V5 —[4]. EEBREBINET OND, PTHT BT —I3EEEROBIES . 731 2 L OBAVEDE
SIDENI[6]TH Y . HiE L OB X Ve, BhE eI O RN R S5,
AWFFETIE, BHEELRBE Y ROBEELZEMNE L, SiVEV Y —Z2NA LA YES KT/ BT
— ka2 Ffl4 %, F£7-. FDTD (Finite Difference Time Domain Method){E % W=t Fy I = L —
T AT XY SRR ENRINGED BT —ERRAFME A TR L, LR KD A T = X L% i
HT 5,

2. IR

FDTD iE&x Wty I ab—ya 2k, SiV B ¥ —ICRAL T LR R 738 nm)?D
v 7 — L ARASOBHFEO T — B - & KA, B RO L —F —(kE 532nmm)D» )/ v 57—
IR TORINRO YT —ERRFEZ T, o, AV EANEBEICL->TSIVEVZY—%2FKL,
T—HREEZ T T —EEORS ZERL L=, Si A A iEANEE%Z 1.0X1013 [ions/em2] & L.
v —EA % 50~350 [nm](50 nm i@, 7 3% —) & Lz, L—¥ —EaR I E SEEssE(CFM) % H
WTZ74 IRy APLRIEZITV, Y Ialb—Ta UfER S LT,

WFHHROE T —EE @ SIEEED Y I 2 L—32 g UHERZK 1127, B 200 nm, & S 500
nm =2 285, 7/ T —EEAER L 2RWEES LR L O RM R R 55 L7 5
ZENGMoT, Fo. BT —E &% 500nm & LA O TR KOS RN RO v T —(E
BARTEMEDO Y R ab—va ViR EFNZENX 2. K3 IR L, TNHOREREZ L 72 b D &K 4
(RS, FEBRIZET 2 Y F IO 7R L R IR ORI GFT 2 LB 2 bbb, BT
—EAE 200 nm OEGE TR K TH 8 EO N TR KRB MGFEIND 2 LB nhrol,

ERL L7277 © 77— %o CFM %8 LU/ v 77—l CHG L7z PL A7 ML &K 5125,
PL A7 fhLDOE—T 5, SIiV B —RNEREINTWADZ AR LTIz, —FH., AKOBEWIZT
JET—WNIZH— SiV B ¥ —%2 T 52 L THo7=MN, Si A AV IEAERELS T/ ET—56H720
D SiV L X —DEENREL oo T LE ST, F 2T, AL SiV & o & — DR IEBR B % BAT S
H- 0 THRIEALT D2 L THRAREBEEOE T —BERREEEZTMT 2 2 Ll Lz, 72720, ARl ER

TIHMER L7 7 SOfED 9 6 3HETOART /BT =N EINTEY . 20 4 IR TIZT /5
— DB & MR TE o iz,

ERFER LY I 2 L—y a3 VRO A 6 128, MililitT) ) © T —E2 R TE L 3 SOMEIC

B DHENHEAEYS7-0 O SiV v ¥ —HKOFBNIEE, HtihiZ o/ B9 —EHRIIBITS5V I 2 b—
ValUfERERLTWS, 3 207 vy MIk/h R TN T EAR T BB L EAE L TV D
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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. HAEREH

BEOHESTILISG DOHEfTl ﬁi@%ﬁk@iLh@ﬁﬁﬁwkbfwiﬁ D 728 P ek
WZBWCE 72 BEBRT N, AMPBERAIR EI>TEY . 20O O ZITHEMEEEOm _ERCE
TR FE DHINAS VB ﬁ@iﬁo¥%%K&ﬁMWinéﬁE\ﬁ%%%yF@%%%méﬂt#%%
MBI CH DY a2 H 228 B AR U TIFZERNTES(L L TV D, A Y2 RIT3Edn
ELTOME 720 ThIAWAY RE Y » 7FROmWEVRE R EOEBO BIf e Es2 AL T B
D, Tl OKEKIELORT VI FOFRTEHERECL -T2 WTIEATAZHE §5HT, m0Fy
VT HBEZHTHHR— VOEREEZIERT -0 EN - @i DEEs: & L ToSHABP RS T
FT, FEAATYEY ROEWEMRERETE LI~ AVF 7 4 v H— s %2 EHT 5 2 L CHAL
W20 OH N EINT 52 LN TE, SREIZEREBROTT 7'V » Ufkis CldZe < T 238087 2 HERE
WEEE N2 & THAYEY ROBFRYES N Lo FIBER X ORI O KT X D8 a0
LTHA YT RO EHIEE S T2 TE 5 Z RIS TWES, AWFZETIE, P+
Wa Y —2AdEE LCTHW, fREEDO~ VT 7 0 v T — & E FF O R AWK X A vE2 K MOSFETs 7

INA ZADNERL AT 5 T2,
2. MIERRE
2. 1 DCHMH

SERE LT DC FtEERT, V¥ — FiE & P L U FEEZ WS ONIR Y 57 TR L TEBY .,
EHTI4HEEOLDL, TOPThbRROFEERBMRALLELIZOITHRST — M 2000pm, kL
/?%8%@7A4ZTImWﬁM9%Atotoitwﬁ®@ﬁ? A
B U AEGLELIEOEIHR S — ME 500pm, L2 FiE 8Sum T Ipsmax=-297.4mA/mm,
gFmJMﬁmmT&otoDW%&@#%%T@f@lmﬁfo

(FL>F1E : Lt=8pm) \ (FL>FiE:Lr=8pum)
- I‘mﬂa * Waor= 100um X 104 X2 ( 20001111‘1} T—= }mﬁﬂ - WGT 50!1‘X5$X2( 500 pm)
- = j 3 -160 [ 1-320
sook VGS 30~ 10 % (AVGS 5V) ﬂ,‘ny_ 250 Var 301 0 v AVGS— 5v) 39V
IDSmaK_ -499 1 -140 I _148.7 1—280
=_ 49 9 mA/mrn DSmax 4
400 ¢ =978 mS/mm {-200 a2} -297. mAfmm 4-240
@ Vo= -30 | b gu= 13 16 mS/mm
GS —_ -
T -300F Rox= 96.3 Qmm Jas0E 2 0 @Ves~ -20 17200
kS A $E sof Ron=98.80mm 11605
200} 1-1005,= 60| {1207,
401 1-80
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] 20t 1-40
L . ‘ . Rk or , ‘ . 10v]0
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Vs [V Vs V1

Fig.1 KL > FilEmED DC Fetk D2k
itv»%74Vﬁ-%ﬁ@%@%@ﬁf%éﬁ—b74yﬁ—@$ﬁ%2ﬁmbt:
ETCHEBWEN 2/FCHML, P»OoOBEBRBEZMEL TV VI I/EELALONE, 2D
K 2 RO fig.2 IR,
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2 440 3-220
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Tiwl D Fiood hdan = it
- 80 1-80 % 160 [ L — 1-80 =
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0 1o 0 10
= 10 20 30 . » = ET) 20 30 i
KB *2 v

Ve M o V1
Ipmax=209.86 [mA] — lomax=404.9 [mA]
lomax=209.86 [MA/mm]  EHEBEHMHIF  lbmax=202.45 [mA/mm]
(582£3.7%)

Fig2 ~/VF 7 4 VI —HEEDHER
FERO fig3 TIEMLUYFIRTO DCHMEEZLBLEZE, FLUYFENREWVWIEEHEE
MBIOMAEa X7 X ANRRKRELI R AVEPLF/NASI D2 EVH AL 6N
7~

ML F0E 2 um . 4 pum ) 8 um
) \r —-51.26 [mA] wlly, —-97.82 [mAl e Flomee=-148.7 [mA] s
2518 [mS/mm] 100 g =7.13 [mS/mm) “len=13.2 [mS/mm] e
a0 Ro,—3357?[ﬂm 80 2 IRoy=185.27 [Qmm e IRon=98.84[Qm 73__
Esr.w 60 ::I E ': ,un; —|so§
. 'v:..m' T ol m v:?w - o ] 10 v_E'VJ 30
Fig.3 I L U FiREMED DC Rtk D2k
2. 2 RF%MH% 10
mE W REETES DC BT — X 2 LI AE 2 XY %ﬂ%,
BUAPRREWAL T AR THEERTo72, TORKER. HIZ ] FDS_- 7
R ME S EEORE RS ERIE T & 2 T oK %R 8 W o il L I8 He
IT - |

Nk H K ZX VW fmax=0.9GHz TH > 7-, F7=45FH oW EIZ . \gmax

WT hLbrFENRELRDIZoNTEBEEMEICH ERN

Ao, PV U TFEBIERICHEIMBAEa X7 2 A0 EIC \

XoTEBEREERMET S E W mflimb B4 Txiz,

FLMLUTFMRILZY — A « F— MEOFRICEEL KITISRNENH Z &

A BEORER R DM T D 2 LN TE I, " T mmmrom 9
Fig.d /ME 545k

FI#5Gain

2. 3 TNARBEDEBRIZHSHHEOHE
T 2 TR IS C RO fig.s ORRICHIHEEIT A B & 9 IST /8 AD S — MRS Ok AR
LE L7z, BRMICIE 7 — PR (Le=L1(2,4,8um)+4um)/n 5 D 1 KD 47— hEH 2um 12725 £ THEL Lz,

L Lo
Source Drain : 2 g Drain 10, ' 2m | b2

% Gate <)

Fig.5 Wrimt§iE o2k i (%) % ()

10 VGS:_]'SV
DC JIE I FB W CIT BT 2 A & RIS~ VT 7 o v — i ) Vpg=-40 V
DHRE FL TR L DR EER TE D, GAKNEL

(7o T. 50> fig.6 1 OB B 2 0/ MEHBEOR R g Ebond 0% i
. OMBEEEIC L > CRARIREBERORBENR fmax = 13 £ o N '
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S E ORI B B
FN—DL—LETERLIEFAVYEY RFADONV 2 —DES
RRGHKSET /54 7Rk O LHEH, BEkER, FTEf2s, B meE

Fabrication of NV Centers on Diamond synthesized by Chamber Flame Method
by OMayu UEDA, Yudai ASANO, Kazumi ABE, and Hiroshi KAWARADA

1. HEE#M

NV © o & —I XA ¥ E 2 N O BE#A % 3 (Nitrogen) & 1UICBERE S 5 JR - 22 £L(Vacancy) 2> & R % &
NHFEERBOZ ETHD., ABMAERS NV B ¥ —i%, LEOICHRHETERAY UVt REnae—1
VARFENS, BF o a— X —RE VIO Ty b7 —aE LTHIEN (]

A YT FOERGIEICIIRE 5T, EiEEEMHPHT)E S LA RE(CVD)ED 2 FERH 5.
CVD EIIMEVROE NI LY, v~ 7 k7T X<ik, 7 47 A0 ME, BRERER SIS NS.
INETHELIL, ~A 777 XA~ CVDIEZHWTEREEP OEMERER N—T XA vE NE/ERL,
NV B ¥ —Di i 1T > T& 72, TOFE, 8.5x10"% [cm?|& W) AR ERED NV 7 3 v 7 Lo /El
WL TV D, 22T, SHOICEBERNV ¥ —2 T 572012, o CVDIEOKRFZ1To7. K
HFETIXCVDIED 1 D THOIRBERIEEZRB LT v o X—T L—AEICLVERZ =T XA YT FE2/E
WL, ZOFHMBEIT> Tz,

2. WMEBRR

2.1 FronN—DJL—LEERAWEERZRR—T5/4VYEY FOER

PRBEJS PRI 1988 4RI ML & » TR X AT [ b S TRy
TEFLUVERAWESAYEY ROBEFTETH D[R], (s 13 o TEFLY 7= md
FAYEL FORGRIICEN 2 HELET, KRBk | e o
COAMMATAET, I L — hASE & D B A i

B, L LARD, KB TOARIC IR R pvesrs TR
HIEHSEEETH D &V I BER DT, 22T, MA e 8| R !
DRSS IE A UL L, KRR LT T v N T DUV os LT EOR
DTARKT 5 2 & CRMBEIEZ FTREIC L., T 0F o § ww. xxm | 7TV
EETF XY o N\—T L —ALEEMES[B]. Ty =T Ty /=7 L LR OB 0

— DMERRORBHIL, EREORWS AL YEY REA
MTEDLRTHD. FERMEOFHMEEED —22h Y —
RLIRy B ZA[EEZ RN F/A R H 5. fEaOTEEMEICERT 2 FETO B — 7 E F &, ik Kb
LR % Band A B — 27 R A ICL Y FAEREL, ERRIWVIZERMBEERRNE IS, Fr N
— 7 L —LETHRETDEA R Uy VEESEET V R=7 24 YT RO F/A X 625 TH Y, MG
ETER LAY E REHBRLTHMOTEVEL 2> TWVAH[4]. TNETTF v o R_R—=T7 L —A¥EE S
HBLWTEFER—FLA YT FEERL, NV & Z—0f i 24T - 72517230,

ERN—THAYEL FOBRHREMHEZR | IRT. BT AIIE#R, 7T Ly, EFEFHEHAL, €5
DA 50 [scem], 100 [scem], 150 [scem]® 3 SRR E LA AT o712, ORE B AR TR O0 N S i
i MBI X - T Tz, FERICIE 3mm /A, (001)E MO HPHT # A Y& K& iz,

B 1 T v /"—7 L —AEEE3]

F1 A
Sample  C2H: [scem]  O2[scem] N2 [scem] 02/CoH2  FRERFRE [h]
50 [scem] 4050 3600 50 0.89 1
100 [scem] 4000 3500 100 0.88 1
150 [scem] 4000 3700 150 0.93 1

2.2 AR
[ 2 1T 50 [scem]FAR DO YEBHEN G 2 =3, W HLOFER S 50 [scom]Heti & [FARIZ, MR D IERE /7 1T 1L HLRS
A A Ve FABIEEN TS —FT, BT RICIIZHERE A YEY PRS-, BFEL2RSTIC
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RN 24T o 7o FEpR Tl B~ OHFEE X A Y E Y FORREIZKII L TWnWD T
b, Z ORI IEE O T IXRER OB FEOHBNRRN THH EEZ N5, )
T VAR D W ARG TR FEAR O BLAE AL ARk O I E A AT o 7

2.3 (13 FRigits -~ » 7 HIE

X BRETEEE 2 O T3 E I FRiis 1~ v 7MEE{T > 7. (113)H T
DOIERFRBE ZAT 5 &, i 0O s i B 5 7] & AR 1 AT 5 [0 O 8 5 O FFA

I ]
5:,"" .M 2 .
X2 50 [sccm] JEEAE &
ZAT5 Z Lk DH. HPHT 4
A¥EY FERNPLOE—7 S
WX LTC, =EX X yLEn
' : i " : LOE—27 LBEDHEICSH D
e e S g - 1 gbn
(a) 50 [scem] (b) 100 [sccm] (¢) 150 [scem] ﬁi*fé“kf’ﬁm%%@
K3 (113) RS~ 7 REERALE. \
B 3 (2 (113) i FE Rbifs 1~
= v, #&2 Tk R RS

\ O\ Epitaxiai Layer [ /

e W_ #2 s TIER

%

EEswaL] o e ) 120000 -
Sample fib == %) [ITEE0A 7 oo

50 L1 -1.01 +0.07

.I:EEK 5012 +131 -0.03
R 100 2159 +032
150 045 20.06

4 50 [Sccm] % EEIE}&E:E‘ ?‘/I/ ﬁ_\‘j". ~, 1 OO [SCCT] & 1 50 [Scﬁm;l S0 550 B0 ﬁ;ﬂ T00 750 00
TIE R E AT J7 1) O ILAE 23 Wavelengh o

RERBHIITZ . 50 [seom] CHARE TATH O & i RR SO v —s e ()50 [seem] PL 27 Ry
BRI, 2D Eint, o> 2 DO FEMR & [RERIC AR H AT 7 1h A o
LABBHE L TWE 00, IHHERRAZDA, KBT—RUCHMLEL T
E 2 B A (R 4). e .
24 NV k& —jpE [,

74 PRy APLBEREAZR 5 (2R, WY 575 [om]
IZNVO OE—7 2%, 637 [nmIZHND NV-O B — 7 NHERTE 5. ZDZ
e, 22 R —F XA ¥EL FHIC NV & V&‘—ﬁ%"ﬁﬁéfﬂé B L= Wavelength [nm]

2%,

WA, HEER L — BRI THRERO NV IRER BB L. £
DR, 50 [scom] DA CHE 4.0x10' [em?], 100 [scem] D FEHZ Tl 23x10' T
[em3], 150 [scem]DEH TIE 7.1%10' [em?] T > 7=, 10 [em> |4 — & — %
D NV BT as-grown A E L CIIBO THWMETH Y, T r o/ —7
L—LERINV B X —ORRICEATHD L EX 5. SHORBELE LT

= 800004

b
60000

Intensity (laser-0.05%) |
I
- £ %
»
A
)

578

(b) 100 [sccm] PL A7 KL

578

Li, /El\’jﬁ Lf:%*ﬁsz{l‘jﬂé %%%ﬁﬁg\%) é}’&%{q:@%ﬁ{lﬁy J: D Z:;ﬁ@% % SO0 550 600 630 T TS50 BO0

R=7 LT WIDE M X A TES R E~ORED 3 FrnrsoT7 7o Wavclngth (an]

—FIWCEABANV T Y T NAOFERDEEENZET 5D, (c) 150 [sccm] PL A7 kL
5 PL A7 kL

3. SEXHE

[1] F. M. Stiirner, A. Brenneis, T. Buck, J. Kassel, R. Rolver, 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] JRWEE—, SURBIRE, BRAGEIT. R Z W RKP TO XA YEL R L Z DI, RifHIi, Vol
40, No. 1, pp. 104-105, (1989).

[3] TPPNEEE, FHIER. BRBERIEIC LD UIHITF v THRA~D XA YE L Fa—T A 7. 5 LHR5ES, Vol
59, No. 2, pp. 263-268, (1993).

[4] TNEEE, FIEKR. Y — RV IRy B AGHGITICE DX A VEL FHROREXK HaoFHh. K
$74lf  The Journal of the Surface Finishing Society of Japan, Vol. 52, No. 1, pp. 120-124, (2001).
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1550nm HEF Fv b DFB L—HDHERARY bILIRIEFFSE

LN s NS OFMR AR, ~A P —h, FTE B2
TEHRIEF oM AR B RN I —

Very Narrow Linewidth of 1.55 pm-Band Quantum Dot DFB Laser

by ORyota YABUKI, Siim HEINSALU, and Katsuyuki UTAKA,
Atsushi MATSUMOTO and Koichit AKAHANE

1. HEEW

HEERE N> b (quantum dot: QD)X B FIKREZ 3 ROTHIICHGE T2 Z & 12 L 0 Jefifb U 7R ABE B2 3 15
B, TORERFY U THEAIL Y EVHRFZREZO L ORI L THAFNELNEIELZ ENTE LT
B, AR L ZVEFRIRICNZ TEWETERE, RS S PHRE A =7 MV, & U TS PRI B L7
NSO ND Z Enmon s, [1] HEEEITEIERIECEH L, p F—71C & 0 REAT O E #KF
FOVAEIER 120°CE TO CW BIEZ R LT, [2,3] S4EEIMEHESIEICEE Lz, T mE LT, IF
TV Nab—L Y MR KD EE - KEELBENE LT LHH T, —EIRAT MURRIER RO
PN EBEHINTE Y, QD Z AW EE AL —FREH SN TWD, [4] ZZTIE QD L—
W RLZENHETH D omimiE"E (DFB) ##E A L7 QD-DFB L—¥[5] XV, @WoFEE692%
QD L —HF D% OEIEM /2R FrtE ORI 2 Hi & L7z,

2. HEMAR
2 . 1 ??*ﬁiﬁ Cap layer p-InGaAs 100nm
EERICH W= QD ™ N O W A A Fig. 1 e Be doped 5 X 10%%cm3
InP(11)B it EIZEAAE AN T MBE EIC KV R L7 overcad A Lo
1550nm %% InAs/InGaAlAs QD 14 @& CTHY ., 7T v Nix Be doped 5 x 107cm™
InAlAs B, v v 7J8I% InGaAs @) 5725 6O T, 1HHE
1%@%%*%57—%1/‘/({/5@5“73%)@VC%Z)O[6] AENE QD JE 3mL InAs QD 14 layer
3/ > R=7"& Lic, {RMEEFHIEO 72021348 b & 21Kk Py " B
T }:) f: &) az%‘—?ﬁﬁﬁ%ufﬁﬂzﬁxﬁ‘[j—( VC‘\ % 6 ° % : VG‘%‘—%&E@ Under clad n-InAlAs 150nm
LEEME N T 45 A ITE R L — 9 (DFB-LD) #1& 2 7ERL L 7=, si doped 3% 10Vem
QD-DFB-LD DAY % Fig.2 |27 3, #E— R CiIAD D n-inP (311) Substrate

U G T SEMERD 3.0 um & L, HHESRE X 1000 pm

Tho, MIFEFITERENARETH-70, BREAD
RGMENERORSMENS, B —2A4§) (EBL) & F
AT vF 7 (ICP-RIE) (2L, XD X 5 I IZIAKL
L7z, TOBE, —yF U TIRSICE O EPENENT D
M. EHFREERE L TR 20em™ 2N RAES bz, £7-. H—
WEORENZ M LT 572012, a7 m T CiA
DIFRO = DHF LRI 4 00 1 EE (L/4) 7 b
WA L7z, MR CHsmmEICIE L X VEIR T &6 H L%
WM LD, Si0NTiO, @I L0 JiF IR S5
(AR). #FITmSE: (HR) a—F 4 V&M LT,

2. 2 HFHEHH
Fig.3 |3 QD-DFB-LD O =R CT?D CW EERFD -V 2 V1-L
BrETdhv ., LEVWEERIT In= 173mA Jn (35 0.49

P-131

Fig 1. Cross section of 1550nm InAs/InGaAlAs
QD wafer on InP (311)B substrate.

Yy TEE

HRaO—F 424

/

plAI EAE
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fagE . W4 IRHY)
EERE
o9k E ‘
IS \\\ e
ARIA—FT 4%

Fig 2. Schematic structure of QD-DFB LD.
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kA/em?) L@ O FP f#i&E® QD-LD & RIFEDKL &\
EFRHERFON 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 A T2 A ROV R ORIE R
RChdHr, v—VoVERICEZ 7T 7I2E D A
b HNT-F ORMEIL 20kHz TH Y, IREEHIEEZ LT
W2 S 0030 B THRD 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
A7 RAEFOIEIN X BRI KB L TAT b L
HRIE AN U HARER NS O SEoR B o Rl 2 i X 5 9k
B L > TR MVOFIENR Y 3R ET D5, K QD
L—PFTIX L EWEEEZDSRARS MVBIEREE —E
NAT ARET/RLTEY, QD b —Y O{RMEE 4 B
R LTRSSz,

DIHRT,

3. £&H

1550nm #7 QD-DFB-LD IZBWT, 7V —F = 7I2E
UNTHI 20kHz & ARD TEWN ALY R VR Z5ERL LT-, %
TEAHARMERFIE SIS A T AR B 72u & 5 BLBREER
FRENBIE SN, RFEIE. Uy BRI —(E]
DTy F o 7 TERATREE WH S i THY, 2k —
Lo MuERo 3l s & ~D L7228 M S & n 5,
S%OSEE LT, p F=7R&E L0 LT, BELE
PRI T PERRIE L — Y OB 2 BT,

BiEE
AWFFEIE—H NICT ZREAF%E (No.01301) D FE# 15T
B S -, EAERIZYS 72 - TIESCEE ARIM O X#E%

B,

S Xk

[1] Y. Arakawa and H. Sakaki, Appl. Phys. Lett., vol.40, pp.
939-941, 1982.

[2] A. Matsumoto, et al., Japanese J. Appl. Phys., vol.56,
04CHO07, 2017.

[3] R. Yabuki, et al., Int’l Conf. Opt. Fiber Commun. (OFC2023),

Th2A.6, 2023.
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[4] T. Septon, et al., Opt. Fiber Commun. Conf. (OFC2019), p.1-3, 2019.
[5] R. Kaneko, et al., Phys. Status and Solid., A., vol.219, p.2100453-n/a, 2022.
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TILFR7—ILHEBEC & B IEAEHHOSEKEL
RBERFHARERIGERT ORI, BHkh, 1%

Enhanced thermal conductive performance of solder-based composite joint utilizing Cu porous materials
by OHiroaki TATSUMI and Hiroshi NISHIKAWA

1. BAREHN

I, R0 RERBECER BB EOE &, =XV —EHOERL, ~VAT T B OIEK
RN X Y EEET AL 20N E, mERE, RIRIENBE L RO TND, TNLHDOT A AL, &
THEZEOMERER LB = b FEBL L, FRG RS OMERICE L TV D, LivL., T3 ADMEEER
IR RATEBEA O ERMRE LR E LN BEERE L 2o TV D, 6k, IZATEMEI~DTTHTR
I LD FRE SR EFEIZDTZ > TR SN TEZH0D, RO LILDFHEITIZE > TV 7Zeu,
INFETEELIX, TATEMEZ M L LIEEAMEL - s L LT, Cu R — T AMBIOKILIZIZA T 2
- IRIBESETHELID Cudl—T AME - ITATEAIREEZIRE L, ZATED 2 5L EOEN - B8 %
FIEL7Z D, F72, NiO THE L7z Zr0y - / Ri F 2RI L= F /R +HEA Sn-In ITATEERE L, Hbf &7
% Sn-In (XA T2IZ%F LT 36% BN -5 IRIBER S LD Z L 2R Lz,

AE T, ATFEEZRE ST FIATLEEOHEZAINT 2B HIFOBRI L. T34 2A~OIEHO A
HEMEZRD Z 2 B ET 5, RERETIE, B Cu R—F A B - 1IZATEEAE L LT, —HF i)
LRz B T —2 AR —F A Cu x W= FiEE . ZOT A A~DIEHEHIZ DN THIET 5,

X ®.8 &
2. Eﬁ%ﬁk_% '~ ) J j p o8
2. 1 O—8RWK—F Cu- FALEEH 95005 g°
&5 D RAR B FTA 0 @ 5% - O &
o = - N o . 3 J‘»J)
0—X% ZMR—F 2 Cu — h LAY — & W Iy

)

L vp n 3 —
9,79 o g

Fig. 1 m—% 2K —5 % Cu o — h

HAWTHESMAER Lz, AEFJECIL, Fig. 1 12T
JEX 0.2 mm, BHAENRK 50%0D 0 —% ZARR—7
A Cu— h&fEH L, XA — MZIE Sn-3Ag-
0.5Cu (SAC305) XA 2% AW, #4857 0k A0
XX % Fig. 2 12”7, ER10mm O EFO CuT +

27 OEICHRE L 5l —s AME—F 2 Cu o— [ suscomee )| £> IR
FNEFARE— N EEE L CREL N2 HTY 71 - -
— T LI LICK o THARAIFR Lz, #A8IRE%

250 C. AR 60s & L, HAMORA Fapg  Fig2 TS ARATT X Cu s BATHAH

5T DIT I A TR I S & 24T o T O 7t 2
BN Cu-Cu F 4 A2 BB EH BYEERN .
EEITo 12, »

B4 AR A Cu-l3 AP AHEE 2 TR L v

72 Cu-Cu 7 « A7 HEE &2 LT, Fig. 3 12H#8
oW B R A R T, m— & AR —F A Cu D
SALIZK U TUIA N HV B Y TR S & 2 T
A EMBHLEMNE RS TWS, Bon-Y
SR LT, EREE AW TS O BMRE L 2 FH
L. Z 2RO R OBREREZZ T LT,
ZDORER, BEAE D BT OEVREERIT 142 W/m-K
Tdh 7=, SAC305 1T ATZERDIYRESR 55 W/ m-
K IZX LT, 8 2.5 froEN - mEMEE A2 R4 2
EMHBNE o7z,

P-133



&= — Research é%gﬁ

Research result

2. 2 A—FRAWAR—FR Q- BALEER i oy Ti /Wires Cu/SisN/Cu substrat
EEAVNE Y 21— LR EEHE  Diestachloyer \JJ [ CuSiuCussiate

= — ? Z}:@ﬂf“‘ '7 A Cu- ﬁj:/ufl%ﬁ{a\*%iﬂé% &’]) 77 Base-attach layer
B FIERE =T &y FEHIZHWT, Fmm A
EOMG RN —F Y 2 — V2 FR LT, X%

thij-c)

Fig 4 12789, it —4—%WMKLE S X 5 mm Tk o
O TEG F v 7. I (F) 28Ty ML, Fig. 4 WET 2 2 =L O Wi ALAK

Cu/Si3N4/Cu FK V), B8 L Cu _X— A %, HEA0A
ATEEEEMEIE EBIZHE L, V7 e —IZ X Vs
L7, Ty 7REOWE (T) & Cu~— AR
DOWE (T.) =7 LN S F v FITETE DBt &
MUTHRASE, Z0OLEOF v 7REMND Cu X
— AR F T OB Ringo 2 HH LT,

0—% ZARR—F 2 Cu-lZATEEEHEEZER L
Te_X—2AT7 &y FHO X HEimEGg % Fig. 4 (TR
I, n—H AR —F 2 Cu & ZFDKIICKEIE I N
TAIATED, ENENEKEIS JOYRIKE L LTHl

BEND, HEL LTERESNSERA FIMEEAL 2 Base-attach area

Rz 5T, [ALKIZAERBFICEE S TWY
H T ENERTE I, RIT, F v 7 —Cu—AHRH
OB ZWE LIz, AT H v FERER—RAT X
v TFHD 2 BOEETEIIIATE DR E WG E L Lz, FOREE, #EEIce —% ARAKR—F X Cu
WEATEEEREE E AOTEEA . ITATBRRICHRTR 3% AR 2 KB TE 52 L0 boo Tz,

Fig. 5 $EAHOZIE X MREIEHH R

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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ST+ BABERE - HATDATE Y
BEGRFNG ONSHBRE KM O
RBERFHARERIZER  OffE

Elucidation of the Conditions for Anodic Bonding That Yields Sound Joints
by OMakoto TAKAHASHI

1. BAREHN

AL, 7DV ERREDEBECT WA F 2 Eie I T AL &R b L AXER 2 HM S8,
FHOMERAZGRE U CEELZFNT 52 & THEAEITO HIETH D, BEAHNT 207 A0HT
BEGNMBE, TOBENONEZITTH T ACEEND (B2 BGA 4 DR TH D8R LB LIl oz
WROMNZ 2> TREIT 5, EOFER, T 7 AHROEK L OEMETEILEGA 4 RZERET D, BA
T RZBIIA A DB LR RSN O A A BRIl G e o ORWVA B 2 ONTRBY , TDA
T &SRR EICEN D EBMOMICE 7 —a k> TH T A LEARRML FBET D, SHITHA A
VRZEH T IROVEBSOEH T O A AU N T A L EKOBANEICBE) L, EROER TE AR S
THRIGNEE T % 2 & CHANRBEA RN T 5,

Witz & OHEATIC IR T 7 AR OBA A > OILBBE 2 IV S/ 5 72 DICERIIHMEIEZ 500K 75
700 K FREEICHIEA L T B BIEDOHIMZTT - Tz, L LA T DM EHR L OMIEZIER O ZEN K E WA,
ZOREOHESRETH> CHHEAROBHTIZKRERBEIENINAET, 7 ADOMESCHELNIRTFOLE
FEORRE 725, FTMTHRICE > TUIEATORENEZMZ AT DICBIOEAEREL TIT5Z EnEE
LWEELHY, 2o ORENBEES OISR E RESHIRL TE e, 22 TIN 6 OMEE MRS
512 OKIR COGMEES O EITV., TAI=ULEEMLSH E LY —# T4 50 7 A[ELOERGHR
A TR DBEAIRE X v KIS 333K (60°C) TOHREER LT, LNLEKRUTABRYT T AD—
FCTHHIMEN T AR TZRI UL TV =g AEEMLD & L CEABMES LIZIGA . #6223 E
HLIEMTIX 433K U EOBEGEETLIMEONR -T2, TNDOEATIE, T ADMESCEAREIC
MO L TEEARICH T AN D ERPDEATZEM OEA T TOMEBEEN 100 C/m?> 2B 25 EHEARmE
ERBEE LM TENGEOND Z ERERMICAWE ST, BBESICBWTH T A 2N D ERO X v
VT IEBEN T 54 A4 70D T, BRI 7 AN LESRmICHE ST VI =U ALK L OF A4 4 D
BEREBLTBY, o THREINZEDEEOETZ LR LTWELDEEXLND, BEEFIZT T X
HABET 5 BMECHREDUTNEONIFEL2EE T Z LN TEE, T 225 ERE L B
BEEDNRT A= ThLHBEGRE - #EAEEOBMREH OMNICT H 2 & TRARMTFENRG LN LA ST
THTHZENTE D, £ T, BEEOLREEZRRICEL S TBBES 21TV, EEEITICEEI T2
T & S OMEITORRZ R Lz,

2. HRKE
2. 1 ELUBEBEAREOEKICLELEXRAMHOBRIEE

272 M Ak T2 45 2 T2 O I MBS P O A T AR OERBE)NE & B IR B O L&A BRS T
D7, EIRE AL D & LT T T AR A O BERGREES & b OERfE OJE & LB ERNRER 2 RHt
FICZE 2 TITV, BN FOBEAE RmOIRELZBIZE LT,

FEFMEHZIX Y — & T A 5 H T A Matsunami 50 Z W\ 2, JEE 1 mm O HEEE & A7 AW ANE 25 mm, &
E 50mm ORFHICHIR L, ZDOHFEICEZEAE T 5nm, 10nm, 20nm O 3 @Y DESDO TV =7 LB
EHLT- UBTAI=ULABOEISY D 45, 215 OO _EIZ[FE U Matsunami 50 OE X 1 mm. 8 25 mm.
ES40mmOEFEORET VI =y AgE TS A TERAGDE M7 LI RS CHEAGIRE T, =443 K
WINEAL TG TV =0 AJg & i, WAl T 7 ZAROSMAUOHE % 2 & LC 400 V OHESEIEA ML
Tl A #1772, £9 D=20nm THELEFNEERM ,=5400 s, D=10nm, 5nm T #,=3600s CTHEH Z1T
VW, TS = AENERICE SNk TFEE S, RIZD=20nm T, % =669s. f,=1461s D2 @Y DOFE
JEENEEFEC, D=10nm T #,=669s TOHEAEIT-T=, 9 LTELNHEAREOIRELBH 2T 7 A
il L CEIE LT,

ZN 21 Fig. 1(a). (b). ()DAMAGEIZ/RT L 912, D=20nm+#=75400s, D=10nm*f,=3600s, D=5nm*
t,=3600s OMFOHEE R IITERIL L TBY | AT LLOT VI =T A@RTXTRIEINTZZ &R
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RENTe, ENENOMRFTHRTT VI =0 AEOEELI5E
TT5HETICBE) LIoEME (gp) 1Z D=20nm T 293 C/m?,
D=10nm T 184C/m?, D=5nm T 72C/m?> ToH o7,
D=mmeMm@m$f IHEAREEENEE L T

L EATICBE L EAED 100C/mE KV NEL otz
D=5 nm QT ORA FIHIITREBEE TS NET L T,
TDZEMS, TAI=ZULEY—RT A LT T ADB Unbonded
BOREOBEENER SN S IIE 10 nm D44y, 5 nm FLjE e
DIESOT NI =T AR SNDIVLERNHD EEZ BN

10 mm

(a) D=20nm, t, =5400s (b) D=10nm, t,=3600s (c)D=5nm,t,=3600s

T2o (TAI=0 LNBIEXEMOT T AL DORENSBIES L 4, =293 ¢/m? R=aebrpe Ri=an:
B712) Fig. | RFFHEIOELERINTHA LT
D=20nm Tt =1461s & t,=669s DT, D=10nm T BRGSOk T

1y =669 s DFF DI & Z FLZ 1L Fig. 2(a). (b). ()T T,
ZIH O/ FOESHIIIRIBILOT VI =0 AENE
fFLCWe, D=20nm - t,= 1461 s OfT-OFEA FHE T4
R/ L TWEA, D=20nm * b=669s, D=10nm * il
tb =669 s OMEFOHEEFIHNIIRE B HBOFRIT L TV,
INLOMFOESFICHE LEMEIX D=20nm -
f=1461s T 163 C/m?, D=20nm * £,=669s T 82 C/m?,
D=10nm - ,=669s T8 C/m> T ¥ . #EAEREEILNE
EL TV D=20nm * t,= 1461 s DT TIIFE U < Fima e a L
KRB LT D=10nm CTT 3 = LB A& 5240 (a)D= 20;\:3::,,/"1}4615 (b)D= 202?”::“16595 (c)o=1(:2;1,c;:;aegs
b= /kFT, REFSWMMNEFL TV D=20nm -
m:%%\D:mmnwfm@smmifiﬂu<$%%% Fie.2 f@Mﬁﬁ? EACHRLE
BBETE LTV D= 5 am TF L S = 17 AJB A S A BAL & AR
B TFORATICBE) LB EISEWVEIZ R 572, TUHORERNG, T =T A EH T ADOE
A OEE DR SN D EMBEEOBEIX, BEMMNTICES R EH CBILENINEDOH LT VI =
LDOEZNML TWAHHEDEEZ BT,

2. 2 [GHBESOETICHTIEEETOFE

HE N T ADGREES 2 L VKR - BRI TIT) 2 L2 A[EEICT 5720, WE N7 ADGmES A E
JEEHERIRE B2 TITV, BAOEITICHESEIEN G2 28282 LT,

HEFPEBEHCIIE A7 A D Tempax W 2, ES 1 mm OMEE X T AR ENE 25 mm, £ S 50 mm O
EFRICUIK L, ZOREICELEZRE THLLOT VI = LAgaii Lz, ZORO EIZ[FE T Tempax DJFE
X 1mm, 18 25mm, £ 40mm ORSFEOWE T VI =0 L@EIISATERADE, M7 VI FER
HCT3@YD T 433K, 473K, SI3K IZMEAL THDH T A =0 L@ xR, W o7 Z 2O 5MEl O
ZREME LT600V OV, ZHUN L CHlidA 21T 72, AT T 22N D EREZIE L, 55k
FOEAGHREAEENR AT T A 2B L THE LT, SO RIIAROES ZHAEE 400V TfTo/z & &
DAER & g L 72,

Vo=600V TOEADFER L EGTICH 7 AP % BE) L /- EME% Table 1 I 7, =400V OF5FHE LW~ TR
L7z, &, OldEd ﬁﬁé%#ﬁﬁ X IS ERZICHINCRE AR IERE, AZBESER IR
HE LTV, Z D% o F2eE .
c‘:%K*E‘WCi’U%EﬁéEUf;:g%ﬂ?j—o Table | AT - BE - Kt %2 25 2 TT o 72 GG EE G O f 51

@éﬁ% 61*%(5}5‘?@ @E% Iz jﬂ--ﬂ— 5 @éﬁ (Voltage application time, #, / s)

D= E (qb) Z I IC A C/m? T _9: mt:;,v 225 450 510 900 1800 36)(00 \a‘aoo 57;00
R~L7z, V=600 V TOHEATIXFEL M| 433 (23.2) :"';"M “3;"—"}
Ton 1 TD V=400V TOELE L T g soov (104.6) | (199.9)
qv 05 1.3~1.5 e, ZhicEv4m %1 s 400V (|§.7) (26.3) s6.6) | (12.1) (q"?A)
Hﬂ;é'i@?ﬂ_%‘:% 5@0\_1/%\335& }—Eﬂjﬂ] 5Ei 600V (locé,\)

HTF’EJf %”E< Trote, 72 V=600 V T ,‘f’ Lo | et | @tor | @na | gz (1420
§T¢Z?£TFZ?IE < j;;.ti 7‘:0& e 00V | g5 | (133
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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. HEEW

JESHRR DVEH RIS 2 FFEIL, %, TARHEI, MG, &My, BB PEEE O3 TR E Y, Plasma—GMA (Gas
Metal Arc) TAHEEIZ 7 BB A A =X ANEHETH Y [1, 2], ZOHIENIEEWERNERIND bOD, &
FBICHT LT 1282 TORABY, AN ATRE R BT ZFD, L LR, —AITHRIE D EE N
THEETTAT = NF—R— NV EZEBBLIZI L 2D, HHAOF— ﬂ‘%/vﬁ/ﬁkﬁ\ffﬁkiﬁé’kf‘
BRI 72D Z ERFB TV D, ZIK% I GMA > — b ]\7‘JXEF' CEEE T A BN LR 2w ) &

KFIEDLILE TEF—FR—NVIERERZIC L, 2D IET B OV TR LI RICOWTHE
35,
2. IEFEER

Table 1 ZEBRZA %, Figure 1 IZFEBRIEEMMOBRAK Z RS, AT E 705 77 A~ R O%AT
ik & 70 5 GMA B2 D FBTILZ 2V 2L 220 A, EHE/ VA 160 A & L7=, BAIEAHE 9 mm @%E}Ej}ﬁmﬁ
LLA— Xy v T H L 5 mm | ZERE L2, GMA S— b R A3 Ar, Ar+2%0, & TN Ar+20%C0, %?)EHD\
AFEDEVDEENEIC RIETEE LR Lz, BT O 7 — 27 ROVER O %82 L — Y IR & &l r
BT AN A TICTHRE LT~ BRI — AR — AR ONEEE— R~ 7 a i 282 L=,

Plasma f\m Plasma
rch torch
Table 1 Experimental condition. .
Welding oreh Welding
Parameters Value/Unit direction & ""85"
— W
Base metal thickness 9 mm > R
Base metal
Plasma welding Welding current 220 A D
Stand-off of the torch Imm (a) 5 ol fapom
Shielding gas Pure Ar; 15 V'min
Pilot gas Pure Ar; 2.5 Imin Plasa
GMA 0y
GMA welding Welding current setting 160 A toreh '
Wire feeding speed 3.3 m/min "
eldin, o
Voltage pEAY drcion i 4o
G| | -
CTWD 20 mim
Wire diameter 12 mm tse MC,‘ e
1.5mm
Shielding gas Pure Ar; Ar+ 2% Og; Ar+ (b) Root gap
20% COz: 10 Vmin
Welding wravel specd 30 covmin Figure 1 Experimental setup for
Back shielding gas None (a) hybrid welding and (b)
Root opening 1.5 mm observation system.
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Figure 2 IC&SRMFICBIT A E— R~ 7 uWiiE BB A2 /R8T, IWEEX ESBEI0 GMA 1854 R & T ED
1 DR ERREE BRI VTN D 2 E R0 D, Ar KO Ar+2%0, D6 T CHEIABR N RERTH
D, RasT 4 DFRELHERTE D, ZHICK LT, Art20%C0, TIXEEIALDE SN TEH Y . FElo
FEEIBELSMZAOLNTWND, ZILHDEWVWERGFTT 5720IC Figure 3 IZF —AR— VG HZ7R L
770 BRI FRE TO X —FR— /LT Ar. Ar+2%0, J2 TN Ar+20%C0, TENFA 5. 48, 6.27, 7.67 mm & 72> T
FBY . Ar+20%C0, THRICKE S 2D Z L0 5H, Bili Tl Ar+20%C0, TO AR OIERN AL H i —AR—
ANERENT NS, LLEDORERNS . GMA O — /L R RICEEFE N L SN A1F CIRaME I /15
BFLIF—F—ARNEBELST LD, ABMANE E TET 52 & TEKRICEWTHLIHEEAHLI S D
NRT L7252 ERHOMNI o7z, 7272 L, KRR OWE O FIXAEBMORE D 25 S 23729,
MR EOEO) LHIEA R R ERDHDEBbiLs,

Ar+2%0,

Figure 2 Weld bead cross—section in (a) pure Ar, (b) Ar + 2% 0;, and (c¢) Ar + 20% CO, shielding

gas.

Ar+2%0,

| 6:27mm

Depth (mm)
w o

| \\;“//
0 & 4 6 8 10

0
(d) Width (mm)

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.

PN TNES ey R OAE LY« 7 44T, HFREF
FEERNRAEMEFINEY ¥ — 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 EiEEM
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

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

3Y-TZP = 538 E

the properties of this ceramic can be changed for the High
i H Generdl Dental 3Y-TZP|Dental 4Y-TZP| Transmission
intended purpose (Table 1). 3 mol% YSZ is preferred for Zirconia i
mechanical strength and hardness, but 5 mol% YSZ has | Yttriacontent (wt%) 3 mol 3mol 4mol 5mol
. IAlumi tent (wt9

superior translucency for the natural appearance of a [romnacontent(wt%) 0.25mol =k 003 2003

) ) ) ) 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 .' ‘. — " W == ' et
materials is expected to form accurate, patient-specific AR &R AL e mgThe
prosthetics with excellent properties. Bridge application o o A X

Table 1 Dental Zirconia material properties.
2. Experimental Procedure and Results

In the ceramic stereolithography method, ceramic particles are Coramic Partidlesin
dispersed in a photosensitive resin and spread across a build BurediMaiaral Photosensitive Resin
platform at a defined layer thickness. A 355 nm UV laser is used to @,

. . AT . L
selectively scan the surface of the material, solidifying it by  yyiaser .q \

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 ym 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
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

ifiszzziif"

Figure 3 (a) Computational visualization
of YSZ crown deformation with occlusal
force, (b) fabricated YSZ crown model.

characterization. s00
1200
400 5
a _ b
(@ b) &,
& F
= 300 I A
g = 800
g g
& 200 a 600
100 5}
2 2 400
e
0 % 200
Vertical Horizontal =
0
u |_| 50% 53.835% 51.57%
| | Volume % YSZ
 ——
O —

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

1. BAREH

SiC(0001) S AL AR O FRE 0 fiRIC K 0 . SIC AR BIC Ny 7 7 — 8 L M3 5 2% 1 B AR B R 1 05
Kt 5[, 20Ny 77 =B MTREOA =T =2 a ko T T 72 b T 52 ENTE BH[2,3],
ZOFIETIE, omFEn Ny 7 7 —J@/SIC B mIZZA L THE SiJRF2/&0m L, 2Ny 7 7 — BT ER
bUllrsind, ZDled, A F—Ab— FENEREAIET T 7 = /SiC 5l C ZkoeICEAIT 5, 22
T, BEMESBTHLH Fe) OA v Z—hL—a s 2ERTEXL. KR CRERMEGMEREK =%
TEREMER D IERIRC . ORI LA T T 7 2V ~DAE LV EAR ERIECX A0, V77 DR
vy hr =7 ZSH OB THKREN 4], £ 2 TAIFZETIL, 1 0 F—D b —2 a3 Ol D&M %
119 &L biz, Bonaelo finiEd 2 ZiRAE s (TEM) 818 X i~/

2. IERE

2. 1. EBAE

4H-SiC(0001)JEM 2 Ar T AFH K FIZIUVT 1500°CFEEE CTMEAT 5 = & T, WEH e Ny 7 7 —J@ilEt 2 1
WLz, 2Oy 77 —@RlE 2 BEEZET v o N—NIZEA L, REIZHE nm OEED Fe 27835 L=, =
T, A F—H L= ailblo TUTO 2 BEOMASEEZRTF Lz, —2ik, Ny 7 7 —@ilkt
KM Fe A& LIctk, TOEFHREEZEFTCTNEAT L HETHD, ZOFIEEZ, LT TIE in situ INELE
5o b=l Fe A LAy 7y —EiRlB A, —EF v A A—NLLE]Y H L T—BRXEE L%
WCHOF v U N—N~NEA L, BEEZERTIET D W) HETHDL, ZOFIEEZ, LLF T ex situ INEL
ERES, WTHOBE | INEVEE 1X 660°CFREE , MNEVREH X 20 /2. B OEZEEIX 100 Pa FRE Th 5.,

Bondlbiad Ar 4 A2 IV B X o THE AL L TEM 8182124k L 72, TEM 8142 Tl &5 fi#HE TEM
(HRTEM) 35 X OV A FE BRI AR B A= A5 51 A 3B 1 B 8%  (HAADF-STEM) #l2i%1T->7, Mx T, &

TR NF—RLSE (EELS) HIE BT 72,

2. 2 ZEEBHR
FF insiu MEINZ X015 5723 0EHD TEM B2 D5 R % Figure 1 127779, (a)? HRTEM 4 TlE, #lklE
HIZEE T T 7 = ICHERTHEEBORRO 2 T A MPRE LI, O TIZIETA 7 2 RIROMEED LS
iz, (b)® HAADF-STEM £ XV, ZOT7 A Z7 2 Rk, SiBLOC LY bRTFEFORT VW IHREEL &
Wbnd, £, ZOT A 72 R SiC BRO R m L D IRVIE E TRE I, X BAEETHHEIED
FER. ZOREBIOE R TIE Si-Fe fiAICHKRT I~ BRALNIZTD, ZNHDOT A 72 NI r A bgkic &
DRSNS EEBEZBID, BLEDZ LD insitu IEATIE Fe 28 SiC 1 C Z[ETAE L, WERHIHTH L7z
eI, REIREICEZE Y 7 7= B SNz EB 265, FIFFZ, Fe N SICHD Si LiEAETHI LT
TAEBRER LIz EE NS,

Figure 1. In situ INENC X 0 /ERL U 725308 TEM BI£555 9, (a) HRTEM £, (b) HAADF-STEM 14,
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WIZ, ex situ MBUZ L 0 15 5723080 TEM B2 D5 % Figure 2 127”7, (a)? HRTEM & CTlid, Mk
HIZT7 7 72 CHETLI2BROa Y P ITAMRH - ICBEIRT, AUEETRELZOG O
HAADF-STEM # ClE, 77 7 = /SiC FEIZE W T 3 BOB S FEHRICESI L TWb Z &b, SikB &
WNC TR DN IRTHICESI L TS Z Enbnolz, TOX I 77T 7 = U HESIC #iEIx, b
70 EHEE nm ISR SIAWBIEEFH TR L,

CE

5 Glaphenet |

Figure 2. Ex situ JNEIZ X 0 ERL L 72308 TEM #1345 5%, (a) HRTEM 4, (b) HAADF-STEM f4,

BRI NTHEAIZR T 2%
D=, EELS JIEEFT- 7=,
Figure 3 (X2 DR TH D, (a)D
HAADF-STEM {12 DU 4 TR A7
X912, 75 7 = /SIC F Dk
ravetg e o Fo sic ko (b) Interface
FEIIZ DV T, SEIRAYIC BELS A
7 MvaERAE L7, (b)B L ()i,
ENENDOER THRAF LI A7
FLTHD, DIRTEIIT, K
S 2 G T fEI T L Fe D Ly W 53
L0 O KIUHIZE N TE—7 ‘
DR BNT=—T, Si O L WIfT 520 560 600 640 680 720 100 140 180 220 260
FICIRIEE A= BB &N Energy loss (eV) Energy loss (eV)
7o Tz, (R S5O Sic
OFERTIE, Fe BI P O D —7
IR EN TSI O — 27 DBRRR,
b, ZOZEMB, 772
/SiC FE ORE ST Fe & O 257,
222 SiC AR & 2l e S im & T Rk
LTWbEBEZLND,
AML%DJ“WT%%ﬁ?k% 520 560 600 640 680 720 100 140 180 220 260
Sl A F—TL—vaitdks Energy loss (eV) Energy loss (eV)

Ny 7 7—EDT T 7 AbITiE
RN ERERSIT . —F T, ex Figure 3. Ex situ JNEZ LD YESL U 725388t EELS HIE G R
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