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Development of Methanation with Plasma Catalysis Technology

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

1. IEE/M
WA, HIERIERR L0, USSR 0B Ic LY =2V F—ENBEEL L TE TR, I—FRr ==
— M INLNE B LIERBEBEASZAIETAITEOOHTEMERENTWD, 25 O EA MR 57
OIZ, KRRHF SR L @BbikE (CO2) ZKFE (H) EIGSH, RATADERDTHD A X
v (CHs) ZAMTDHAZR—2 a OFEMHEBNED LTS, IGRITLLFTEREND,
CO: + 4H, — CH4 + 2H20; AH = — 165.0 kJ/mol, (1)

ABUGTIE, it 2 V2 Z & TRIGDIEMHAL = 3L F—Z2KF L. 24T K - TR Z etk 2 2t
TERIZ X DWFE — I TdH 2525, mEIC K 2O ZEMEICREN H D, £ 2T, 77 X~ Ltz
BT 279 A< filifEIC Lo TAZ X —L a VORI EERT A2 LICER Lz, AFRECBT
HRZ I, 1L BIRMEMENZ & 20 SRR THLZ L, ITh D, REEIT, 7T X~
DHTDA B X — 3 VMEEIZBIT 2 EN B L OEL X 27— —T7 MS)Z W T—HD
AERVE & KA D DR E L2358 OSFEERRIED Z(LIZ O W T ORE Z1T o 72,

2. HRBR

Fig. 1 [CAMIZE T\ 7T A~ KA X 3 ﬁ@a
— v a VIEE OB X 2R, MR 50 mm, N
B2 mm OTVIFF2—TNTT T A~k {}
AR LT, BRI ERAET T E LT3 & e
EDaANERNE, KEEO FRERICT T circuit

R WBIAINBIRNE D Cu DAy 2 ZFE L RF supply
oo 22T, Cu Ay a3 ERRICHETH 1
IPCEERBB/NIWNWTZDIFEAEA X R — “— ALO, tube
I NTIFEE LW LRSS TS, FE =
BRO/NT A—2 L LT, HEEIZ 400W, [+ plasma
J31%E 10 mTorr 2k 7z, HAPiEIL CO2, H2 OO0 | Cumesh
ZZENFI 1scem, 6scem T—E E L7z, —— v
F72. MS 1T XD XFEF R TN AE DOFEE I
5720, MS ML (woMS), MS %77
X‘Vﬁﬂzg&hﬁ(w/ MS on mesh), MS BT TAY 30cm gas outlet (H,, CO,, E>
IMZER E(W/ MS below mesh)D 3 /XF — D CH,, H,0, etc.) -
WTIRE L7z,
jj‘ Z ?‘%ﬂﬁk D éj\jzﬁ Wz E*@g%ﬁfﬁ%ﬁ Molecular sieves

QMS)ZE W =, A & x— 3 VRO FNE %
FEL LT, LI UIE CHa IR H W B35, CHa [OO

T TFoOXTEHBEND, Fig. 1 77 A~ iR A 5 —v a VEEEOBX

Molecular sieves

[CHylon — [CHylorr

CH, vield =
4y [CO,Jorr

(2)



Z Z T, [molecule]ixsy Doy EE R L, IRAF
ON, OFF {I7'7 X~ ® ON, OFF /17, Zih
X, ZBHRTD CO2 72 CHa ICZBAL LT-EIEZERL discharge
T3, 008 b——mmM = -

Fig. 2 |Z w/o MS, w/ MS on mesh, w/ MS below
mesh @ 3 /¥ —NZBIT 5T T A~ EMK%
D CH4 IR DIFZA L 27~ T, w/ MS below mesh
TIIRFM & & HIZ CHy DRI L Tn& | t =
300 s FEAT w/o MS & EE_T 3 580 D CHa X
BNELNTZ, —F . w/ MS on mesh TlXt=50
~200s OFPFATIIWoMS L0 H 1.5 FIFEEW
CHaUERHFE LN TND DD, D% AT . . .
DLEEAE CHaDER SN2 IR ol 2 &R 0 50 100 150 200 250 300
DD, LLEORERIT, MS 12X DR A A t (s)
S R—a UROSICETE < —F5 T, T OWAE o
BARD D, MS IZHEMBEET 52 LT e 2 CRAURORIIEAE
Wb, 7T AYNO MS OFEMPEL IeofeZ &
X, MS R F720 Tl 77 AN TERS NIk & e O ROSTEMERE S FRHIRE LTV D
ZEERBLTND, £, MS OEHIZ L » T CHy EAEM LB & LT, Wb Esl&E T
B LI (H20 70 7° 0, OH 7 UV ANVF)NP MSIZ h T v SN2 B2 6D, 77 A~ Tldkkx
72 SORPERL N ER S 3L, IS L o TR HEIT T 525, RIRFCZ ORISMEDOES S LR E R0
FRHEZ Do < BIRIEMEWERFIR & 72 o Tz, AEERIZ. MS Ot 7 i 2Mb 22 K o
PHERRREZ I L 5 2 rREtE 2R LT,

7T A EAEICRBIT A A X Rx— a VBV TL, BILSZWGT A2 EREETHDH I LN
B O 7o Tz, S%kITAE L A DE, SHICAXR—Ta VRO ELY BIET & RFFCZED
FOGHEREZ DWW T O ZHEtE L TS FPETH D,

01 T T T T T

w/ MS below mesh

w/ MS on mesh

CH, yield (arb. units)
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Susumu Toko, Taiki Hasegawa, Takamasa Okumura, Kunihiro Kamataki, Kosuke Takenaka, Kazunori Koga,
Masaharu Shiratani, Yuichi Setsuhara, Optical emission spectroscopy study in CO; methanation with
plasma, Japanese Journal of Applied Physics 62 (2023) 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.
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+ Susumu Toko, Kosuke Takenaka, Yuichi Setsuhara, and Masatomo Hattori, Synergistic Effects of Molecular
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Joint Inverse Innovation for Materials Architecture (DEJI2MA), 20 October, 2023, International Conference
Center - Waseda University, Tokyo, Japan.
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International Conference Center, Kyoto, Japan.
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Feasibility study on resistance Spot welding of steel and magnesium
by ONinshu MA, Rinsei IKEDA, Weihao LI, Paponpat CHAIMANO,
Hidemi KATO, Kota KURABAYASHI

1. BARE®

CO2 HEHEZHINT 2720, BEEOEERZRET HEMOHB N MLERAIR ThH 5H, i, HKROME
ZER M AR LT E e b, 2O ZOOEREWNLT 5720, HARE RIS & LR o @ik
MEt~ 72 U L EFHT2=—ANEE->THY, BEOHESEMZE L 2Tiudes2y, —F4H, 8
M~ 7220 AORBUERZENZIH 1500°C, 600°C T, 35IEERR D20, MAE % R ICARMEET 5
ZEBKRARETH D, £ T, ZI T, v/ RV U LOREVEFSHE, BREEISRKORE LY Ni oy
WA T 5 Z L THHALD Fe f & Mg fH O ILEFE Sk 2 I L 7o & 217 5 Rk Zzia & LT,
EAEER LK 2 MECENDIRPIA R v MESEEZ O CIRBHFZE 21T 5, ARE 2, BiRoR
#EbZE LT, CO2 DHIJEE SDGs ICHBKTE 5,

2. BIRAR
2.1 b8Fe-42Ni £ ET TR UL AIB DERARY MBERBREY

Fig.1 121X, Fe-Ni &L~ 7 2V U AEEORIIAR Yy NEERBRO® v N7 v 7 %2R T, Fig2 12id, &
PLAR > MEBEEOBMIFIK & ~HEE2 R, BRI O L R 1T 100mm Th D, WEEIRORMZ(L%E Fig.3
WoR Ly JeKEEEIE 10kA T 60Hz ORFENZ HV 72, Figd 121, EPLAR v MNEEERBR T ORI & ~HE
T, FeNi &L~ 2T U AEEOKREIZZENEN 1.5mm & 1.0mm TH D, REBEHFDIEEE I, £+
ALZEI 30mm & 150mm Th 5, EHE O HAFKIL 30mm X 30mm Th -7z,

smdllllllwkml

V. Mg alloy - (Interlayer)
: .

l‘ ’ increase production time and material costs ‘ %;;;:Lms T=1/9.6
, Development A 1008 g T
- i ‘ ) . 1
Resistane Spot Fe-Ni alloy E | g
. Mg aIon _ R-1623-C Lv |®
WEIdmg (RSW) Electrode schematic
Fig.1 Experiment setup for resistance spot welding Fig.2 Electrode shape and dimensions
Top view
Loop cycle 60 . 30 60 .
‘E 10KA
Q
3 20 ~ Welded zone
Time Alloy 42
LR Front view
Schematic of loop cycle setting [ H
Schematic of welding physical setting
Fig.3 Welding current in resistance spot welding Fig.4 Resistance spot welded specimen

shape and size



2.2 58Fe-4Ni R ET TR L ASIB DEMAR Y MEAKEERER

Table I (T, #PLAN v MEESMRERF O@ERFH P ZESETZ6 7 —AITH LT, 51D EAWRUERIC X
HIREDEALZ R, Fig5 13, SBRTHE O N E—ZA otz 4, WERR 2 7 L O Case 3 TiE, 5l
RO EAMTREN R bEm < IREM S REWRRLE 2D, 6 75— 2ADOP TRIEREEFMNETH D, KR
FIERF R OWEIMNEN — 2 TIIREDIR T LIZB RN A b D,

Table 1 Resistance spot welding conditions for strength 3500 —Case 1 —Case 2
Case Welding Loop Cycle Total welding Maximum =000 l —Case3  —Case 4
. . Case5 —Case6
time (s.) (s.) time (s.) Load (N.) 2500 "
1 0.5 1 0.5 1218.853
— 2000
Sinel 2 1 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 | S 2 5 10 1711.98 500
cycles 6 2 10 20 2221.163 0
Squeeze time Hold time Electrode force Frequency 0 . 0.5 1
Parameters Displacement [mm.]
. (ms.) (N.) (Hz) Fio.5 F trok d
Value 50 0.17 3920 60 1g.5 Force-stroke curves measure

in strength tests
2. 3EIMAR Y MNAEREO SEM SRRHER

SlaE Y AWITRE A i b s VOV A (Case 3) O HIZ SEM THIZE Lo % Fig.6 (TR 7, #ER
HIZFIT 5 Fe. Ni. Mg BEL VAl OTENMIL. AL TWD, X 0RO THEE A 1 = X LD
HARRLETH D,

SEM

FessNi42

Fig.6 Chemical compositions analyzed based on SEM observation
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Development of advanced dissimilar joint technology between low activation materials
for innovation of fusion reactor power generation system
by OHisashi SERIZAWA, Hidetoshi FUJII and Ryuta KASADA

1. BAREHN

KRB AT LO—2>THHEMEITFREY AT LOEHRDOT-HDIZIE, B XF—RE TIZHENT
MEBMRN R ENEZ AT D, BRBEHE 7 = T 4 M T 20 A 54807 & OBEBEHEAMEI OB & & bz,
FRtED R 72 2 EREREA B & O B VEEE - BEAHIROMEL AL EAR R R TH D L, BUE, 7T v A TEEDED
LTV ARG ERRIF ITER TIX, FiEFEBRO—>2 L LT, Ao AXF—0OWV HL E N F U LEHEAY
HHYTZ o7y hORBREY 2 —/L TBM (Test Blanket Module) 2% E S NAEHETH Y. ARV TE
O TBM I, S HE 7 = 7 A Ml F82H Z MM kL & T2 KA T Z 7> hThDH 2, DT, F82H &
TBM ~DGHKEEM B CTH DA —ATF A FHR AT L A8 (SUS316L) & D EAMBELEMT OMeSL AN B
KA RTHY, ZHETT 7 A 3— « L—W =& FAO 2GRS IEOMNLIZ AT TR 2 8 T & 72 18,
AFRE T, BWAEASETHBE L RO~ VT YA Meaifl+ 5 2 & 2 B, FERpEATE
Th 5 BB A (FSW : Friction Stir Welding) @i F rTREME ZBK 95, Mx T, AKHEI~D I HIC
T, AT OKE BREORHN & D 5,

2. HIRKE

2. 1 BHEBHMTMmARSER

Ty A=« L—HPF—Z 7 F82H & SUS3L6L & DIEHEEA Tl WO~V T A Mz
BHFELT, Ni B4 Inconel 625 # gL LTHALIZ Y 2T, L—YF—ORRENE% SUS316L i
BT ENENTHLZERNHLNE RS, £2C, £X100mm, 0550 mm, JEE 4mm & F82H &
SUS316L & DZEAHEIZ, JEEX 0.1 mm @ Inconel 625 Z /X XA, H714kW, ARy FME02mm D7 7 A
— e =P =2 HWTEGEREEEZITo 72, ol L—F—MEHME o SUS3L6L il ~D BB &iX, 0, 0.1, 0.2 mm
O ZFEREICB b S, L= —BEHE X 3 mimin & L7z, ERU BT S E S 40 mm, f§ 10 mm,
JEE 2.0 mm ORER T ZEIH L, Fig. LIORITREOHPRERIZ T 7 74 Fv—/L & &b ITEkA, Fig. 21278
FTA—bh 7 L—TNICERE L. #ikzHWT, 18 250 C. J£/) 9 MPa, IATAE23E & 100 ppb. J2IERFR 500
B D215 454 ¢ CBB (Creviced Bent Beam Stress Corrosion Cracking) %% * %2 3 L7-, Fig. 3 (2 CBB &t
BOWH A2 L — — e TR L EE R T, 7 bEOmm OB E g LT3 7 FE0.1,02mm D
1T SUS3L6L & F82H & DFREDEFENKEZNE DD, WTFNORER A &I EEITRD LA NRiE N H

Water _
| x =

Autoclave

Graphite wool -

\ X
(=) \ ON N, —p—
—
0, i I
N - b
Specimen '
holder (%) r
Control X Wat
Euntien| 11 '
tE@)
. } 0
Specimen | Heat
— High Exchanger Pre-
- — . . rrpﬂ; - Heater
Fig. 1 Schematic illustration of fixture - L P DO : Dissolved Oxygen Meter
for CBB test. CON. : Electrical Conductivity Meter

Fig. 2 Schematic illustration of corrosion facility.



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

joints after CBB test.

(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).

DU Ty 7 ERITBIE SN0 T, AR T2 R E 7 (BED) 35 X O EDS Tt L7cfE R % Fig. 4
T, b— W —BAMMER A EE Tl SUS316L & F82H O FL i X HIMR T % 23 S 11 Tl i 7 & SUS316L
A3 X% 500 um FREEDIE T SUS316L & =2 h T A MR LBIEER L 72 >7-, EDS THOMTTHE. 2D
FEIGIE NI A B K& < R T 5 Inconel 625 2 ERE L TR SN TIZIRBEEBH TH D L EZBND,

2. 2 BEMEATERER

FEAERE, SIN R —/L& W T FSW (2 L W F82H & SUS316L & DRI AT AT Z1ERL U 7ZB, #5
KDY — VAR R, Y — VBEEE, Y — VRS R 4, 1.5ton, 150 mm/min, 350 rpm & LT
BARBR ATV, BMEAM T2 ERT D 2 LIRS LR, AR THRY — Vo 7 a—7 M MEFE L
TLEIRERE I odz, V— BMERET HHEIT, BADETIZ L2 > T, AR OB EF L,
V=NV DBENBILL T LEST2leO L EZBILD, £ 2 CTUHEGH EORE A2 —EIRHOFIEE LT,
ZIVE TORBEFENS, > — VO LIALE S HIEIC L Dk FER A2 1T -7, F82H & SUS316L DALE .
BROWNIY—VOFBEAMIEIZINFETERLE L, V=AM UARES, V—LEBEEE, Y — LR EE
Z. FhEFH, 1.5 mm, 150 mm/min, 400 rpm & L CHEABR 24T o 7o fb . ABVEIZIHI S =08, B8
BROBF NSRRI > TLEIRRE R o7, R, FLUALRESHIBEICB O THRE LZES
DENZ D IenolzTob B2 OND, WREE, Rl UARES ZEE L, #EREO ABEMEAZT
BJ—72 56 FC, Y — B LR WEER IR AN T D TETH D,

3. &EXH

(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. HIREK
A UN—HEB(REM)L FCC HiEDA—AT 4 NEHN LD GEHTH D, & DR FHEITHRE
REINA—ATF A FRAT VL AHD 1/10~1/100 TH Y | RIEEIESEMEICENL D R TH D, L, &
BEEBRENANETT VI EnG . ZOEAARERFHIXIRE ST, ITFETIXZOREN 2 SET 57 7
0 —F N S, INGEE 2 EICEATE DX 9127257, FHaTRER S OEBUZMIT T, A >3 —5&
SO XD REERRRERMOTFEEILISI LI RT L L THRINE, A =BG E I LIIEAL TN 72
IZIE, Flix DA U N—EEBITHT DEHEIEOUE T EORZITMZ T, BEMOREL 4 L EizEERl S

WD HEHMREREOERNRMLETHDL LEZDLND,

JEE B P P% O (Friction stir welding: FSW)I X, BE#RIC K 2 AZL L 4B HRIC X 2 ¥BIMEFTEhC X - THEHE [EARIRRE
THART DB CTh D, HEAMICHA SN DAL, BIAIHERESIC L0 IER TR SR B0 |
BN T RHE 2 2 BLT 5, FSW 24 U N—5&ICEMH L, BB R E 2B 3 28585035 S v
1. FSW A =& O H ATREHIFH OIL B EICLE T2 & TSNS, L, 4 o3 —54
Zx 3% FSW T EBINIER 1T 72 < | A OG-SO A RRE O FEMIZ A Th 5,

AIFIETIX, A > N —BLD—FETh D A—/3—A L /3—£4x(Fe-32Ni-5Co (in mass%))lZxf L T FSW #47
U, BEA TSI AR S T B RERR % B8 -8 7% 7 IGELIRI T (Electron backscattered diffraction: EBSD){IZ & V) G4
THEEBIT, T OB DL TEZEE) & BRI 5
AR O TEPTRBRICE VAT, Z L2 H
e Lz,

2. BARME

2. 1 FSWHIEROWMBRERKDOELL

Fig. 1 (2 EBSD £ & 0 1372 RA 36 K OVFSW A D 7 A 2
~ v T had, FSWAMIEAERA] & L CEIEDHE 300 rpm, | e B
PR 400 mm/min T FSW L 7230EHEL T, FSW300-400)  Fig. 1 EBSD inverse pole figure maps of (a)
INOETRERTH B, THETFEITOY—27 a7 7 A VIR base metal and (b) stir zone of FSW300-400.
B bR L FSW Mz b 4 —27 51 HEH

Tholz, B OFEFERRAIT 17.1 pm F2EE T dH - 72(Fig. 1a), 0.0020
600 rpm-150 mm/min D Z&{f: TH O LT ik FHEERES(FSW600-150) FSW300-400

B L O 300 rpm-150 mm/min @ 5= {F TH& S 72k T 8B5S 000151 £ew300-150 / -
(FSW300-150) D FE-H)fEdbifRIEZ 2 17.4 pm & 6.8 ym T P

> 72, FSW300-400 O F-EJfE SR RIERIE 2.3 um TH Y e b i L
TUV7=(Fig. 1b), B TIZZEO MR R SN 745, FSW # Tl
FEAERZIT BN -T2, Fig 2 ICEH & FSW MICEIT 5 I \ ESWG00-150
i FREITO E— 2 70 7 7 A NS BTE LS 2 n O B I |

K NBROD A% L2 28R B ORISR E v F (=83 — /v

i
0.0010 ..
.

Microstrain (-)

[EHAREC K LT ey b LTREREZ T, Z2ds, BRI R —— oS 5 el
yFatr et LTI Ho7o, MY Y FITREWIE SIRAZ Rotational pitch (mm/r)

FETFSW L2 & 2EW®RL TS, I7 v 0T HRITHL#)E  Fig. 2 The microstrains of base metal
D OBPEOT RIGICEKT 2 B2 F L, BEEICHE IS and FSWed_ specimens plotted against
ThbH, FSW BEMTHRM LY &I 7 2 O0FHp k&2 rotational pitch.
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M5, FSW % TIIRM L 0 LI E 2 & < ARABV R & HE L 700
FORITLNERBENT, T DL D PRI OE M TR 600
Bl RE 8L RIET L FREND,

FSW300-400

2. 2 BEfRNGSIERSE

Fig. 3 ([CAFRIG S — A OT At 2 7797, Ff441% 400 MPa F2
FEDB|BRIRE & 40% %2 52O % A L Tz, FSW600-150
R & RIFREE OBIRRE 28 L722s, &M ONTRM L BT
L7z, FSW300-150 [ERFIRE L OB IRME TR L 0 B K LT
VN2, FSW300-400 (X RERA 20D FSW A4 & bRl L T3 LW RRIRR o " 5 - Y *
JE L BRI DR AR L, SIIEME L 600 MPa FRE % 7/R L7, Nominal strain (-)
AP S TR BLAF AR 201 L, 8235 5 -, Fig. 3 Nominal stress-strain curves of
Fig. 4 (2 f61 35 1 O FSW AT O BEARIE 11(0.2%iii /1) % % 3> T4 base metal and FSWed specimens.
fEkiIcx LT e v R L= T 7 (Hall-Petch 712 v )& R 550
_,9%0 A= v b Lilﬁfl@iﬁ{y\j«é ZEMNTE N *ﬁ?§ L F%ﬁ@ﬁfi@ﬁﬁ iz FSW300-400 ,f!‘
FIEER & 0 | FESRLOMAIM DS FSW A TR0 00 58 5 D8 K2 %t
THELLDENTHD LRI, Mz T, Fig.2 XY FSW #f
DI B L0 BEIRRBRATO I 7 0 0T HRRKENT LMD,
FSW 4 DFERIEST1 OPE RITITBAH 720 T < L BRALE BE DN
bELHLIZERBEIND,

Nominal stress (MPa)

100

w
=]
=

450

'S
=3
=

a
0 v FSW300-150

0.2% proof stress (MPa)

[y
=3
=1

e FSW600-150
2. 3 BIREMHEOBHEFER "\_Base metal

Fig. SIZRF 35 I OFFSWAL DhKIFE fRLRE DA% 1~ OF 2 & FIING 250
L Tray MUY T 7 &R T, R(Fig. 5a) Tik, Bk
IRV 7] DB RITPEWEARAZEEN L T2y, BRI
RS O B AG A (af8em0) L U B ARV T T20028 F O EARD
THENDMEEY HRESHKRL TV, ZHITER B
T OBRAEHTIZ 20028 ML L TWe 2 & 2 BT 5, BEARRIZRBMEETE OBLaTE Tk, FAT & & T E#A
(2R T ONT AT R LT 72, FSWAS(Fig. 5bEs X OFFig. 5e)lc BV T H R & RIEEIZ o™ L W HIR WS/ T
200D HIPEZETE D BlbG D3 FERR S le, BN BBVEZETE O BRIAT: TlE, 2201%fthod> 57 & Helk U CHRIINIG 11
KT AT OT HOEE R/, ZAUTIBIEETE OBRGEIZLE O IS IR T 5 & -2 S 41, FSW300-
400D 7 73FSW600-150 8 U & EDRREN RKRE W E PRI D, BHEEEFICHERE RIS REZEL TW L6,
[ —HE8E T 5111222, & L < 13200240012 BV THEFOTHDO AT Y » RREL LT ERNA T b
O E—EER ETHEINTWAL LML, AR TIEZDOL I AT Y v MIFER I NNz Z Lk,
PSR OB K DR FEITIZIZTE L TV RN EE X BND,

0.2 03 0.4 0.5 0.6 0.7
1A (um12)

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

(a) 0-008 7 () 0-008 (c) 0.008 ’ ! : i t i f &
e 1l ¢3ll Base Metal @111 ¢3l1 FSW600-150 e 11l ¢3ll FSW300-400
A 200 X222 A 200 X 222 + A 200 X 222 macro
W 220 4 400 | o5'gc™® W 220 4 400 | gmacro B 220 < 400 %02
0.006 1 ‘ 0.006 o2 0.006 ;
~ ~_~ ~
~ < -
¥ g ¥
B 00041 B 00041 E 0004
v w 122
L [ [}
B 8 2
= = =
3 00021 3 00021 3 0002
0.000 0.000 0.000
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 300 600 700
Applied true stress (MPa) Applied true stress (MPa) Applied true stress (MPa)

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

(F 7 MBI DARRTT + % ICHRAL & FmPRRERSR

KBRS AR AR EAT OF R, P&
T BRFAARAEMEL - AT LWFFERT RH%E

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

o
=3
=3

* impurities
g MgAIFeZn-HT
As Syn

006

0
o

© - o
" s € ec

Mg, Al, Fe and Zn cations to understand the role of — 2

solvents [5]. As two common solvents, water and ‘:é

ethylene glycol, a typical polyol, are used. The : g Se s o2 Mg:'é::
polyol-derived MgAIFeZn-OH are nanosheets with "‘%‘ g o

homogeneous elemental distribution, while the S g A 3 . MQA:,F:;;;
hydrothermal-derived MgAIFeZn-OH are mixtures of e . = As Syn

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. 1'0 2'0 3'0 4'0 5'0 610 7'0 80

The high specific surface area of 2 theta (degree)
the  polyol-derived multi-element  hydroxide

006
012
015

e MgAl-Polyol
Y, As Syn

018

Figure 1 XRD patterns of the polyol- and hydrothermal-

nanosheets —guarantees them as excellent  gerived MgAIFezZn hydroxides and MgAl hydroxides.
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 MgAIFeZn-
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

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 MgAIFeZn-

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
31.7£0.3 at%. The MgAIFeZn-HT powder
has a similar composition to that of the
MgAIFeZn-Polyol, i.e., Mg 27.61£0.4 at%, Al
26.5+0.4 at%, Fe 18.110.6 at%, and Zn
27.9+0.6 at%. However, three kinds of
morphologies exist in the MgAlFeZn-HT.
Nanoflakes of lateral size up to 100 nm,
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 1001 ee—m— 5 " 9 .

peaks of impurities,the nanorods in MgAIFeZn- &\t .l /u/

HT can probably be considered as Fe and Zn > 904 | /D

co-doped magnesium aluminate spinel oxides. 8 * %

The specific surface area of the MgAlFeZn- g ey ;> / —m—MgAIFeZn-HT 0.1 mM CR

Polyol and MgAIFeZn-HT is 352.4 and 167.7 % 7204 1 I —e— MgAlIFeZn-Polyol 0.1 mM CR

m2-g', respectively. = 3 / —O—MgAIFeZn-HT 0.2 mM CR
The surface of the polyol- and 3 60 - %; —O—MgAlIFeZn-Polyol 0.2 mM CR

hydrothermal-derived MgAlFeZn hydroxides is £

positively charged. The zeta potential value is & %0 g

11.1 and 15.6 mV for MgAlFeZn-Polyol and 40 ]

MgAIFeZn-HT in neutral aqueous suspension,
respectively. They were used as adsorbents for
Congo red (CR) removal in aqueous solution.
Fig. 4 shows the CR removal efficiency for
MgAlFeZn hydroxides in 0.1 mM and 0.2 mM
CR aqueous solutions. Regardless of the CR

50 nm

Figure 3 (a~c) TEM images, (d) and (e) EDS mapping of
the MgAIFeZn-HT hydroxides.

=y

nnnnn

Al Fe n o
oK

pra————y Oy pra—————ry

o -

T T T T T
100 150 200 250 300

Time (min)

Figure 4 Time dependency of removal efficiency for polyol-
and hydrothermal-derived MgAlFeZn hydroxides
in 0.1 and 0.2 mM CR aqueous solutions, respectively.

concentrations, both in 0.1 mM and 0.2 mM,

the MgAIFeZn-Polyol reaches high removal efficiency in less time than MgAIFeZn-HT. In 0.1 mM CR solution,
the removal efficiency of MgAIFeZn-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 MgAIlFeZn hydroxides (223.7 mg-g™").
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Surface structure formation to improve virus inactivation functionality
and elucidate the virus inactivation mechanism
by OKeisuke Takenaka, Yuji Sato, Masahiro Tsukamoto,
Tamaki Yoshida, Nobuhiro Matsushita, Peng Chen

1. BAREH

MR ZREAT E Ao T Fiil a v F o A LV AEGYEIL, BFCED LICKEREA—VEE X, VAR
JYUEN A L2 aic, sl otz alE L L, #% - RFHEI~DO BB L R/ RICED D Z &
WCEBRT DEANBIR A RO AL TN D, FfIEHE - VANV ARKEMERZRE T2 ChH Y Filan )y
ANAZK L THOAENTHD 2 ENphoTnDd, SORETIIY A VAL 4 KEIZE UIEEZ MR T X
RWZERGNoTEBY, AT UL ARELHE LT U220 L TFORMTH L, REESEDO ANBfins K7
) TRFETY Lo BEISHE o—T ¢ v T AT & CRYIETERB IO RN TE S, &bl
A MR K OEFMMEOBLED D bIRENES BEREOFG a3 —7 ¢ THIFARD HILTW 5,

T THA OMEF — LTI, FEEEL—F -2 Ao AT U LS EHERTEE O T SUS304 K
W B~ DRI D BB I EL Y M A T & 72 18, FENER L — W — TSI x5 SRR @ L— - —
Thod, ~VFE—LERMEMETHREPENOME L, HEOL—F—%FHH R 2 2 & THEM
DVERE e/ NRICEE O T Rk & BB T X 2B HIETH D, T E TR I L EE e By K~ AEL
BICBALTEHRE L TER, TNDiT1 B — RORBEERICED AR ChH o7z, ZD7D, JAWEHE~
D2 —T 4 V2 ERTHEOICIEHOE— P TRRARmE RS L) L —V—MEEfEEZHEL, 1
E— ROERE OFRIBROENVEHALNCTHILERH D,

AFETIE, 1 E— FEBEORMTIEIAT v LA LHORMMEHEA L R 238 e — R Toa—TF 1~
T RIEDTERICB N TIEE — ROER S 728 0 D@R L O RS L b RICER LI, AT AL
§i TITBMEE RO/, RIVE L W o TGN RES B D, 207D 1 B — FOREEZ KT 5 & [FH
—DEKMETIER LT a—T ¢ v 7RI 220354 LR BESENME T T2 WO MER S 7=, L7di-o
TIEWEIZ e 2 —T ¢ v T REE R T 5 I3 B Ak & RSO N EE R T L7 5,
ZZCARMIZETIL, B — RPEALLEITOLEGHEME T T 5 A =X L E A LEmE CEgha—T7 «
VI EFERTLIEZANE L, E— NHEMC Y T VDA NT A —ZICEREIT 0T,

2. EEBAHE

FERRAEE OIS X % Fig.1 (2”3, IR 450 nm, KM ) 200 W O F R L —F—F T 2 —L 2 B
LHELIZL—P—HE T 7 A R—Tak L L XTI T AICES LZ(Fig. 1), AR v M EELE
T 233 um & L7=(Fig.1(b))., Mgk RITK KA D Ar HATHE L, T~y Ko/ Xr L 0T
SUCHAE Uiz, AT =% x @G mc Ny F v ZHRBERE O BEh S8, y Bl ~0 R D K42 &
T 15 mm X 15 mm OFFIZH = —T « > T &7 o7z, ©— RREREE( N » F > 7 BaHE) & B G B (L S L 2908
FIR)DEMRZH LT 5720, L—F—DH 13 160 W 2, 175 LEE % 50mn/s ([Z[EE LTy F o 7R
HiEZ 110 pm 725 310 um £ T L X W7, A L7 R ORI 20 um TH Y | I TEN B OB R
fifa B % 50 mo/s I E Lz, FEAI2IE 15 mmWx15 mm'x5 mmt O k& X0 SUS304 St A L7z, JERR L
TREIX~ A 7 vl Z—TCWrii 2 5 L. BIISHED - HFEEDO O b FBEMEE - X A Mm iR 21T - 7=,
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(2)
Optical fibers
I\ ? 7z

7 head
Blue diode lasers
Laser beam ~ S P Powder feeder
Pure copper - Processing area
Coating layer e SS304
substrate

Figure 1. (a) Schematic diagram of copper coating with multi-beam B-LMD method, (b) beam profile of laser at the processing area

3. EERHER

il —7 4 T RIEOBEBIERE T H A Fig. 2 (277, Ny F o 7 HEEAR (@110 um D & & | FHREIL 6 % &
INEWH DD EIENEICZER N %<, REHEIN Sa 40 pm EMMOHDHEEH TH -T2, /Ny T JHEER
(0)150 pm D & ZTIFANFIT 11% ThH D 22 b D 7e < . REHLE 7Y Sa 10 pm & 372 @ dn B 72 S 3 T Bk
SNTz Ny T T HEBEN(C)310 um D & F X ZERR S R < RMEiE Sasum EFETH -7 b O DOAHEIRIEIL 68 %
ERMORE VKL 72 o7,

ARERFER LY Ny F o ZHHEEDN/ NS W &M ~DO ABE N R E L CTZERORA L REH S NEmL 220,
N F U TREBEN R E W E M A~DABGE S L 722 5 7= O ICAIRA N L CRESE DI TIZoR 8> T L%
I ENLNoTe, AR LTz a—T 4 v 7R ETOHE - 7 A L AREEARBRIZ O W T BER
ERFIZTERFTTH 5,

i 200 pum | T ‘ —— S ' 200 um
: 200 um

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

4. BEXM
(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 EEDIRMTRTHL AT VU LE, EHEO8T%ZFELE a7 RN EOTEY, ZOfliks
BRI BB 2R T D, £, NT U U AIRWEEEE T D Z LD EFEAME, fRCEHM
RNICAEAET D AR B LT 213 E %5, ZaUSxt LT, SR v —7" Tk, BIRNICE
EICAFIEL, Ti OSSR CRAEMIZIRAT 5 Fe A boik & L TEMH L7z Ti-Fe A2\ THf%E %
HHTET-. MRIAESETER LT Ti-4 wit%Fe 5418, Fe A REDOZ\V B E Fe HBEDD 20 a fHO
5725 Ti-6Al-AV S4B L2k 295, Lavh, 1120MPa DFHER S & 20% O O % Ha
A THEY, Al SZRNET & Ti-6AI-4V 54 L A% EOSIRRMEZ BB 5. 26 51RFHEICD
WNC, Sk, Hall-Petch dfBR=, #1470, Labusch EF V5D b & THIRAHWSLNTE 7. L LR
O, INLIIWETHL Z LERiEE LTWDD, fHAEETHD Ti-Fe A& ~DuMIIR#ETH 5. £7-,
Z ORMEKKR T GREdbhies, B HHEFESR, B HOLMIEE, ENENOHEOME, Blmfk, etc) (FIEFITHEME
THAEIZEZELAEY, WThn 1 22MEAF- L THIET 2 Z LIERAETH L. DI, FREhoslE
FE~OHE G2 EEICEH T 2 LIRS CTH 7=, —J7, ITHE T TR % ) CEERM B O TR T
B OFREMER HE SN TWD[L]. £ 2T, AL TIE, B E0EZ VT Ti-Fe _FHEE&OEE THIET L
EREEL, ThaRIENETNO5REEZIRES T 2 E2MBIN O E- BI57.

2. MIERE

2. 1 T—4ty bOEE

B DRk A 2 FEOBEREE (BERSE £ & 2 D%
(CECAE 2 AT 5) ICHEE T2 0 L TR 2 fERL o
7=, fii# % non-ST ¥, %% % ST M &L MES. 469, non-ST &=
M L OV ST M OREBERI 2B &, & OISO Al
B2 Fig. 112”7 %. (@) non-ST #Mix a k8 (BFEE) BLOB
FO(BHER) AR50 Lk z A9 5 Dl LT,
(b) ST FHIFZEdERR D o/p FHFE SR B 72 DAEMRZ = LTz,
F7o, MR 21T o TR, kiR iriEicw s ek =
FaTdh 7=, B FEERB L1 SRR O B*B@ﬁ Flg. 1 Ti-6%Fe %ﬂﬁk%ﬁ?é(&) non-ST #43 KL Y
K13, STHBRRKE VEAICH 7. wio, #iRslgE  (0) STHO COMPO & & (c)T D5l skt
AEROFEF, non-ST #11% UTS: 1377 MPa, Al {H % 11.9% CTdH > 7= DIiZxf LT, ST #4113 UTS: 1164 MPa, il
WH O 22.2% CTd - 7=, Fe RINTEIZBID 53, non-ST #413 ST #F & b U CHaE BN A K, IEVEICE D
BERNZH o7, 2D Ok - RERETAE R A2 K, B AHmREE, opf ORI L O Schmid K1, 5l
EHMBLRINCERT D HRO B HERIOZEDR, (5T 50 FHREIEINERET -4y b
TERk L7-.

2. 2 BEFPAETIOBELAREZRET HHEBRFOHFE
Ti-0, 2, 4, 6%Fe (2B 2% LT — 2+ v b & I EE T T

non-ST
ST

0.1 0.2 0.3
Nominal strain, &

750

NEMEL, ZNENT, BREEEFADERICHE LT 2

W Ti-1%Fe (ST)OTRE TRIZIT>7-. ZOfHR% Fig. 2 1Ry, % §°°

BRE(ER) & TRIEGE)E RS S REEL TR Y, THRER®E 2 g% —aExperimental
LG InG. ZHURSEOMBRN T2 O THEE T 7 L a4 S -~ i
L2 LSRN 2FH I L5 EELOND. Z2T, BIC a0 oS
ZHWCTHRRFORBEEIT - 72, TOREE, 3[3&%@@[34{54@%, 400 . . .
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3. ZEXM

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

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

BE EEBRBLAELZREICIOVNT, UTORXETHRKRL:.

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
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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 /NEFESL, ZFUEERIRBR LR L O ORE S5k, FrBH2019-48733

[2] T. Kozawa, Preparation of macroporous Mn3Os 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.

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

[6] Y. Yagi, K. Kozawa, T. Mokudai, M. Osada, H. Abe, submission in preparation
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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
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Fig. 1. Variation of the film density of a-Ga,O thin films Fig. 2. Optical bandgap energy and Urbach energy of a-Ga,0
as a function of H, flow rate ratio. thin films as a function of H; flow rate ratio.
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Enhanced thermal conductive performance of solder-based composite joint utilizing Cu porous materials
by OHiroaki TATSUMI and Hiroshi NISHIKAWA
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Elucidation of the Conditions for Anodic Bonding That Yields Sound Joints
by OMakoto TAKAHASHI

1. BAREH

BARESIL, TAHVERREDEFECT VWA AL 2807 A LR L IR E 2 S8, M
FHOMOERMZGRE U CEELZFNT 52 & TCHEAEITO HIETH D, EBEAHMNT 207 A0HT
EIGBNMBIE . ZOEENO N EZTTH T ATEEND AERGA 4 DR CH 28R 82 Ll b a
ROMFNZ 2> TREIT 5, TOMFE, T 7 AHOER L OFEMETHIZIZEA A RZEPREL D, BA
T RZIBIIGA A OBEINOERVESNT O A T 2B E - ORNAEMZH N TR, Z0H
T & EAREEIZHN D IEBH ORI 7 —a U N2 X > TH T A LBIRPR EET D, ISIHA A
VRZJEH Tl < OB OMER T O A A BN AT A L EROPEME I BE) L, BROEKTHE 2 bS8
TS E T D 2 & TIEAMRBEA N5,

Btz & OWEATICHL I IR H T AR OB A A > OB E) 2 15V S8 5 72 DI iERIIHM B2 500 K 5
700 K FREEICHIEA L T B BIEDOHIMZTT - T2, L LA T DM EHE L ORIZER O ZE N K E WHA
ZOREOHESGRETH CHLHEAROBHTIZRERBEIEINAELT, T 7 ADOMESCHELNIFTFOL
FEORRE 725, FEMTHRICE > TS T ORENEZMZ AT DICBEAEREL FIT5Z EREE
LWGEHHY, ZhoOMENREEES OIS RE REHIRLTE, 22 TI0OMEE RIS
512 OKIR COGMEES O EITV., TIAI=ULEEMLDH E LY —# T A 50 7 A[ALOERGHR
A TIHRERDOBEAIRE L 0 KIBIZIKW 333K (60°C) TO#HGEZER LTz, LOLAUYTABRYE T AD—
FCHLMEN T AR LEZFECL TV = A@EMNL b E L CERBGmEA Lha, #48 R E e NE
ELIEETIL 433K L EOBERIBETLMESN 2o T, THUH DA T, T 7 ADNESCBEAIREIC
MO L TEARICH T A RN D ERPDEATZEMOEAH TOMEBEEN 100 CIm? 2B 25 LA HE
KRBEE LT EOND 2 ENERICAWE ST, BBEAICBWTH 7 AR 2D EBRO X+
U TIIBET 54 42 72O T, B EIIT 7 AP bEAREICHESINT A I =L RIS LT 0P A F D
BEERELTEY, o THEAEMKNNILDEEOHEITEZ LR LW LD LB LND, BEPIIT T A
HABET BN ECHREDUTNEONIFEL2EHE T2 LN TEE, T 22N 5 ERE L B
BEDNRTA—ZTHLHERRE - #AELEOBMRER OLNCT H 2 & TREZMTELG DN BA LI E
FHETDLZLENTE D, TIT, BEEDOEMZEFBHCE S ETBmES 217, BEMNFICBEIT S
T & S OMEITORRZ R Lz,

2. HRAE
2. 1 EL2UBEBEAREOEKICLELERAMHOBRIEE

7 R Bk F A2 15 5 T2 OISR B S R O T 7 AR OEMGE)NE &SRB OB &% B ST
L7, BIRE AL & LT T 7 AR A L0 ERGREE S 2 2D OER g DOJE X & EJEFINRE - 2 Rt
BIZE 2 TITWV, BN F oA RimOREZ B LT,

HWEFABNCIL Y — & T A 5 H T A Matsunami 50 2 V-, JEE 1 mm OWEHE X T 2 A2 0E 25 mm, &
E50mm OREFFICHIR L, ZDOHEICEZEAETE5mm, 10nm, 20nm O 3 @Y DESDOT /LI =7 L8
EELIEUBT VI LAEDEZZD ET5, 2106 OO _LIZ[F T Matsunami 50 OJE S 1 mm, 1§ 25 mm,
ESAOmMmMOEFTHORET VI = AgEZ A TERADE M7 VI FRAAT CHEAIRE T, = 443K
WAL T BTV =0 N@ahs, milo s 7 ZAROIMUOm Z i E LT 400V OSELEZHML
THEAE Z#1T->72, £9 D=20nm CTELFIMEFRF t,=5400 s, D=10nm, 5nm T t,=3600s THEA%1T
W, T =T ABNEEIC L SN FE RS2, ®IZD=20nm T, t,=669s, t,=1461s D 2 @Y D&
JEEIANRER G, D=10nm T t,=669s COEEAZITo7-, 29 LTHE LN HEEREOIRELZ BT T A
ZiELTBIZEL,

ZNZEIFig. 1(a). (b). C)DAMBIEEIZ /R T XL 912, D=20nm-t,=5400s, D=10nm-t,=3600s, D=5nm*
t,=3600s DA FOEEREITEILL T | #28PIH b7 VI =y AERT TR/ &n
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RENT, ENENOMRFHRTT VI =0 AEOBELI5E
T+ 5 ETICBHE) LB & (qp) 1% D =20 nm T 293 C/m?,
D=10nm T 184C/m2, D=5nm T 72C/m2 Tk > 7=,
D =20nm. 10 nm OfFFE TITEEREEIRNERE L Tz
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®Eé@?w::7AﬂMménébE#%ék%i%h
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B A T 2 DIGREES 2 L0 KR - ’f“HéFF'EJ’Cﬁ5;k’%T 295728, 4
EEBIENG 2 D8 @%ﬁﬁbto
BT A D Tempax é”ﬁﬁl«\f_o JEE 1 mm Ol E & 77 A& E 25 mm, £ 50 mm &
—ULEEM LTz, ZORD EIZFET Tempax DJE

FtﬁAmF% zfﬁw
HEFEEHC T
Eﬁ%’@%b Z Ol

#HE OELT

CHEZEFATMLL DT VI =

Unbonded
area

10 mm

3600s (c)D=5nm,t,=3600s
72C/m?

(a) D=20nm, t, =5400s (b) D=10nm, t, =
=293 ¢/m? =184 C/m? q, =

Fig. 1 f%H#ﬁﬂODaGT‘EﬂbDTTfi/\1/7;
Bo R Sk T

b67s w'/ &4

Unbonded
area

(a)D=20nm, t, =
=163 C/m?

1461s (b)D 20nm, t, =
=82C/m?

669s (c)D=10nm,t, =
=80 C/m?

669 s

H92$VWMﬁW% zf@ALt
Botm ok T

= L& T T AD Wk

H T ADGES 2168

S 1mm, @ 25mm, B 40mm ORGEOREZT VI =U LABEZIZIATEREDE, M7 /L3 FEK

T3 D Ty, 433K, 473K, BI3K [ZMEAL THBH TV
ZREMRE LC600V O Ve ZHIII L CHMBES 21T o 72, BEEHICH T A ETRNDE

FOBEEREE%E
DFER L L 72,
Vb =600V TOFEA DR & &

Lo, b, OREQRESASER. < IHH5e
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Development of single-pass welding process of high-strength steel using plasma-MIG hybrid system
by OShinichi TASHIRO and Manabu TANAKA

1. HEBEM

JEHANR DEFSH AT D FFENL, R LA, IG5, &, SRERESEE DB CRIZHE VY, Plasma—GMA (Gas
Metal Arc) IEHEEIT 7 B2 A A D= X AREHETH Y [1, 2], ZOFIENITEWEFBAERINL D 0D, &
IR LT 1 N ATORAZ, ERARBEN AR BT 2D, Lo L7en b, — RIS HIE S EE N
THFETTIRAT — IR —FR— AL EZEBLICL 20, EEHox— T%W%&#Tfﬁ&ﬁéltﬁ
%%%ﬁ%&ﬁé:eﬁﬁ%hfwéoK%Tmmmy—wPﬁx¢’%%ﬁz%%ML%@m%ﬁ%ﬁ%
KRS HLZ L TR NERERDIC L, ZHUDEEEICRIZ T RBIZOWTRFT L7 fE RAC OV Ty
T 5,

2. HEMAE

Table 1|ZEBRSF% | Figure 1 IZHEBREEEMK OB ZRT, LITRE 705 7T A~ aHE M OMEAT
i & 72 % GMA VRBE D BEFITZ A Z AR 220 A, EFT/7UL A 160 A & Uiz, BAAIE3ARIE 9 mm o ik 8k
kbw—%¥¥y7%l5mmL§ELtOWAV—WFﬁX V0 Ar, Ar+2%0, M2 U8 Ar+20%C0, % VN, A
AFEOE DRI RIETREERG L, EEhOT7 — 7 ROVERML O 28 % L — Y IRIA A & &
AN AGICTIRE L-, BERICIE— A — AW O — R~ 7 aWim a8z L,

Plasma '\“ Plasma
rch rch
Table 1 Experimental condition. -
Wekling torch Wel I\l 1.
Parameters Value/Unit direction & direo
— v Base metal @
Base metal thickness 9 mm - - )
Base metal
Plasma welding Welding current 220 A ) )
15mm o le 1.5mm
Stand-off of the torch 3mm (a) [ | et
Shielding gas Pure Ar; 15 Vmin
Pilot gas Pure Ar; 2.5 Imin Plasiha
GMA e
GMA welding Welding current setting 160 A toreh

Wire feeding speed 3.3 m/min Phd

\\ Id ng

_________ d
CTWD 20 mm
Wire diameter 1.2 mm Base meta 'f‘ peia

Shielding gas Pure Ar; Ar+2% O Ar+ R n; P
20% COz: 10 Vmin

Voltage 5V

Flgure 1 Experimental setup for

Welding travel speed 40 cm/min
Back shielding gas MNone (a) hybrid welding and (b)
Root opening 1.5 mm observation system.
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Figure 2 IZ&FRMFICBIT A E— R~ 7 uWiiEEE A2/ 7, IWEET ESSEIO GMA IR5E 4R & T ED
DR EEREE BRI L TND 2 E R0 D, Ar KO Ar+2%0, D86, T CHEIAL R RFERTH
D, RaTT 4 DFRELERTE D, ZHICK LT, Art20%C0, TIXZAIALBE LN TE Y . FE o
BEEILELSIMAOLNTWND, ZIHDEVWERGFTT 5720IC Figure 3 IZF —AR—/VHHGHZ7R L
770 R RE TO X —HR—/LEIT Ar. Ar+2%0, J2 TN Ar+20%C0, TENFI 5. 48, 6.27, 7.67 mm & 72> C
FBY . Ar+20%C0, TR KR E < 2D Z L0 D, Bifi Tl Ar+20%C0, TO AR OIERN AL H ¥ —A—
AR SN TS, UL EOFERNS ., GMA DY —/L KA RIBEN L S ENHIF EARMMETIE /A
KFLF—F—ARNEBRLSTL D, AR E TET 5 2 & TEMRICEWTHLIHREAHZN TGS
NT LK 72D ERHOEMNI o7z, 7272 L, REIEOBE O FIXAEBMOBE D 25 S 23729,
e BB LHIEA R R ERDHDEBbiILs,

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,

Fizlm!!‘,g‘

Depth (mm)
w o

\J q

0
(d) Width (mm)

Figure 3 Kevhole cross—section of 9 mm weld beads in (a) pure Ar, (b) Ar + 2% 0,, and (c) Ar +
20% CO, shielding gas

3. &EXW
[1] K. Ishida, S.Tashiro, K. Nomura, D.Wu, M. Tanaka, J 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.
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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]. &8
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, )
such as material waste and wear of cutting tools due to the hardness of 5Y-PSZ EEBH
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 = 534E

the properties of this ceramic can be changed for the High
H H Sl Dental 3Y-TZP|Dental 4Y-TZP| Transmission
intended purpose (Table 1). 3 mol% YSZ is preferred for Zirconia P
mechanical strength and hardness, but 5 mol% YSZ has | Yttriacontent (wt%) 3 mol 3mol 4mol 5mol
. Al i -0

superior translucency for the natural appearance of a [romindcontent(wi%) 0.25mol S AL L

) ) ) ) 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 | orransparency |m. @l E® 2| ¥ =¥ %
materials is expected to form accurate, patient-specific R &R E nTE mge
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 Cioranmic Particlesin
dispersed in a photosensitive resin and spread across a build B Photosensitive Resin
platform at a defined layer thickness. A 355 nm UV laser is used to @,
selectively scan the surface of the material, solidifying it by v iaser .L‘(:.

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 um 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

29



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
characterization.

Figure 3 (a) Computational visualization
of YSZ crown deformation with occlusal
force, (b) fabricated YSZ crown model.
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Figure 4 (a) 3-point bend test of 5.6 YSZ rod samples created by stereolithography using 45% dispersion paste. (b)
Biaxial bend test results for 3 YSZ disc samples created by stereolithography using ~50-54% dispersion pastes.
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