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ICL TRz, TR I N/IRORER, DRioOEE) T
LTyl —y a VREIC K-> TERS . Bigs
ETNVOY A R, WAEOR T2 & LD ICE RS
7. BEFVIE, EHY AR50 um D 4/ — PR O AE
F(CPE4L)D A v v 2T, fEEIMITT VX LICED KBTS
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MRHEEE TV OME-EUEETEB 51 H 3 572012,
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(3) #W|R

JMatPro CTEMZE K, BRIGT), CCT BRI NI,
BURE R RIS FHOBE OB & L TRD 7.
CCT Hiffid, BHEICHWOLNEKKREM(C 0.1~0.2%) D
EEBRICKRD LN/ CCT KM EEHEMICHELL Tz, &
B, W#h, YUk, K7y vk, BEERE, BEAfb
LB BRDIz. TNOOFEEAHAWTEEY I 2V —
VavEERLIZ. 7254 b, X=F4F, RLAFA D
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Cumulative plastic
shear strain

ddd

K6 £IXNDRBTLBEBEBHEERANO T 2D
(46=300 MPa). (V54 vh5—)

L7200, BT —RICE SV TEFETIVD/ING A —&
R REIET AMENR DS, COWIFETHEIN-H
B Y AT AL, BIED/DICANTH 5.
FTRDROBBEREAMOTABRK G ITRINTED, BE
AN O3 AQEZ LSS CRWEEZ R L 2. KIS
AT LD, BT AL, FaIMOENIC LD IEFICR
WE RS fie R LTz, SOV OhDRBOR AW A
AT R TV 2OV (DIC) I & - TERAICEI S
T\ 5. FEREMERITIC X O RO/ I =V RSN D,
FRAC BT 5 ETOFTXNDME T F IS LT Ni 5
i, NiBfg/heab I XD RTEAPREST S LRE
L7z, SHICX-FEMIC LD 2R YFTHRL /. &
AR D EZUATIEIE L, ZOBMEARICK L TE
FEEICHE L. SARBORIK Np i, ZRHORIHBR
BEO3SO1ICEST S &EIICERINC. BRI £
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DIETTVR) E T OO LM ETCT VOMAE DY
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% I X o TERMFENIRDASE S NS, R/2idIEs
BB B L CRETICE R R 752 LRI T
WASE, EESMFI IS ACICaEINA. LI ]JSSC
HeEEWD 7 S5 2 CILBY 2ERERTH S, FHEBRIT
FEEREOMER & K <SRG L T,
4. & » Y (C

(YFVTNVAAVFT V= a V] KB LWEET IV
O HEEETFENCOWTRA L7z, 42 2 Cllfan il
SWich, FU VT BERICET AIEFIEEITE L T, A
ADEB A\ o T — 2 BREVL T 70— & BB AR
FERER A SHBIOIC, METFHATO L THEEL LS
MO v 7 IR LT, MRRMENT, RSB mT, I
57 RS A ML 4 G R /o RIRERETIC DWW TR 5 2 &
HEELBEDONS. COXDRTUTIWVAA VT T V—V
a VYV AT ADOBEFIZ LY, HEMRORRIIMOENRE, o
2 FER, MRHLECFIH I T O at 2&t0 kL, =
D ICREEARFERTRE O RLERIRO @A - kR B
ns.
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20144EFEIC A% — b L7255 1 1A SIP [ ¥EFr ARG 6ok
T, MEWOMEBIRY 257 A0S LT, MRBIFREO&L
KRERTH5 /A - Mk - etk - HERBOHRE 2 51 L
TY—ALVAKEIL, MEOMBCHEEEDTFH%  IFEIC Y
L I=FUTIWAAVFT V= a v (P, ML EEY) ]
OREEN BRI N, ARMOEETH S [HEHZER 5 A
FA)NE, FTARENTFEOBHAICL YD, ERORMERE
ICED T = R=2 AW TPETT VLB ERmTT VD
EFNIRS A=2 Rt L, MIEGY AT AICEASN
TARRE T MERE T &\ o 7o B Y 2 — VO TR 75 5
BEAZYR— 457200V 27 A LTRSS L
ML, A7V 7 P CTRELLTFHOEKEEZFICE E
£, FH2MSIPOEE x5 [HEE] ORI
FrafEicANn, B3B8 3HERCwETT
Vo BIRERE TV O B BRI, KB L 3 RoTH EHE R
F— X DORRYLEEFEL, 3 KICAREROBRIEM
FIEICE 4 2B 17 - 72,

C ORI ST Y AT AL, KEL 50 [F—XEK
BRI TR AF A & [3D/AD B/ AF L] D2 DDy
AT LR INS. LR TREINTNDOY AT AOWNE
% EREOMRAHEG = B & 2 THRBICEN T 5.

2. TYEREEITRILXT A

F— ABBIFHY AT AT, B DEY 2 — LK
BEALICARRIR & 70 % 7 — 2 AfL Tk &, BERRET VO

BIRE BRI T H A= AET U VT DDODT — A FIE)
FHICERL, FOTY 12—t & AR MRFIEA O
AR Aar.

(1) F—%RE1k

T—2AMkiE, [EFRWEFOFEIT I\ W TEA T
INTELFETHELVO. CnOHHETIE, WEEALY
ICHEDWTRFZERIE T IV 2R L, KEBR e BUE#T 2 1775
ST LICLD, EBOREET T HT EMARETH S LD
ICEDNS. L2LGERDL, TOKEFHEITIE, YATLAR
F ORI RIRR & 720, PGB REFICinZ €T
WIZEENHNGA—=2DEZFHFITLY, THKRABFED
Bl RE<SaRBEL 72 L K REYRR 705 2 &R
LoD, 2D, BUEMNTIC B0 004, SR %M
EOUCICTET WIS A—2 %, FEEOBRNCE S\ WYk
LOICHET AT & T, EBG % L0 IEMICHBLL 7Bl
WATRRICT AFEBRAIR En-> Tz, TNAEATERICL
TcOBRT =X TH 5. HEMEZRSR &L I8E, T
DL SIFXRGEFMWET LRI, fEEHEAR O~ LT
A = VI AR B TV ORELICRERT 5. 5
— Z LTI C ORI~ R 22 B & 2 7o TR
AIRRIC 72 A 721 Tle <, ZORERAE U HHUEMBHTHE RO
FEME L EEICEHE T & % Z & (Uncertainty Quantification,
UQ®) b, Fra—MeiyegmrE clda 5 —2mtx A
WAHTEDIRKDAY v FEF 2D T2 ELEFEBT S
FHEICE, BREZIESRSUASZEER T — 2 WEFEk s, M
MIZU % 4 RTCESEDD 5 .
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TBEY X 2V — 3 VETFUVAERICTETTICH A EICIEE
ICHS R FE L 705, BRT— R EMLFEOMIEZ, RER
TFETHLIT VYV TV V<7 4 )% (Ensemble
Kalman Filter, EnKF@) % F\Caii 4 5. EnKF 3T ET IV
PIERETH > CThEATE S L, Wbz GoH/-RENIL
WS Th 57280, [ER - WEICR D 4« a8 TIA <
AWOLNTWAEFETHAS.

BRT— X AT, E9BEREH T ARRHBEEX
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A
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CCTx 3RERY PV EIEN, Y AT AET IV ERLR
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CORRICEZD &, BIZIERE -1 £ TOLTOBM y1—1
TR £ — 1 OIRPER T+ b x4y DHEBTHAR P (-1 |
Y- PERICHEE SN ToduE, BEZ ¢t OREEXNZ F L x D
TERBREBIB P (x| y14-1) 13Y AT NEF IV A VT
BETH L. TN —WLETR LS. CO—ET %KX
HZE O A8y, S BBEEE T () 2T, 'k TH
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L COBM v, O THEE SN DIRAER 7 L x, OFE S
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LLEZREVIRS & T, BEICBEI N4 TOBNIE Y,
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FTELOBPBRT — 2 FMLFETH 5.
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TS A ADERGHTHE 26N 5 ERET ST & TH
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THEHFL, Wt OFR ) 25 TS
il =xif 1+ K+ f” — Hxlf)-1)

ZITC, FHEBETHMAE—KAEATEZONA. ML
EYVATFATIE OB EnKF #EY 2 — )L s L TGEAL
TEY, FEOFHEY I 2V —V a VEFTIVICH LBKRT —
AR % 2 EBAEEIC > T 5.

b) 4RTEFE(T a4 ME)

4 RTEESFEO L EnKF L3 ERZD, HAEOKMY I 2
V= a VETWVEZDOEEHWSL I LIETER V. L
L, 2t EER CHEMIC T — 2L T&E 5720, XD
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OFD, MDD =0%#mE&trLTT7VaA v FESE
B H ISR 9 5 2 & TRLNS A(0)1F, #I%HE
%0 1259 % FHEBIE D AR V., J (o, YIS B Z & D355 D
B. G- TC, FIMEMAIASLKME v 16 L x (1) ORFEIFE R
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BFCTEFTTELEVOFIEEFD. £z, ZOERLITAR
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LW ZOFTIREGHEBOENL L VOR LN/ ERZT
HRAWTWAID, BONAERLBONS. UL, HB
FEVHELELGNTEY, FERMICIIERRESE T EOR#E
WO XM EES ST 4 —FDO LD EEREIE &R
52 6T, XVFEMARMANMEONS LHIEEL T 5.

(2) RIS—REFTY >4

BRI OBE T — 2 N—2F, < OBETTF— 2 %15
7D AR PERLID, BEETICEKEFNHER
SINTELICHEDLT, BEEINALERZICIIRO2H
B. XD, HEOT— X Rt LT HEMEEFEOM
HAEFRER TR WBER S . THICH L ANRN—=2ET Y
VU, RONERED OBLAIHEICEILL > 2 EE L
IS A —Z e GBI S A SRR T U v Bl T
HY, HREPRS N HHEERE S 3RO THED R WFiE
LEZ2AH. T, TRICEENARNE HEICHE T 5
AN—=AET U VT, KEALBHRRESEIN T 51
EHROFRRICO K E S FET LR Z MO TV 5.

FR=ZETF ) VT XA AOFEBICHK D EERIbT5 &
PRI B, XA ZADOEBIZ LA &, By #18725D
BHETIM; DETFIVING A—F x ODFHESA Pxly, M)
B TFOXRTHEZBNS @

P(xly, M;) o< P(y|x, M;) P(x| M;)

Cugrain |

S band

w
S

~
v

Brass band

AE - p ~ 1014~1015/m?

Area Fraction of Texture (%)
N
w o

Strain Energy (J/mol)

-
o

Cu grain

"
0 5 10 15 20

Anneling Time (min)

Annealing Time (min)

X2 EnFKIZXk2REMEFER. @AEERZEE, b)UTF
AT FIVF—.

505



SHIC, WEEHVTHLETIVEMPERED S & &, Hx
DET IV M; OFESAIRFICKATEZONS ¢
P(M;|y) <P(y| M) P(M;)

T, PIM) A DEFIVOERIDAATHY, HETHZ
ELTETNVOBREDP WA EIETOETIVTHUME
A, OFED, —BICIEETINOEBRSA PM|y) LA
PIM)ICHBIT AT LG hh. T2T, BEPYIM)IZ
FRAXEL YTV ALMEN, TFIF5 A—% 2 TR
ftsacéThrRicLniEons

P(y| M) =§P@ |2, M) P (x| M;) dx

¥, FEEOIn #f- TAICLDENA XWIHEH
T 1)U —(Bayesian Free Energy, BFE) & 5. 5% D,
8« DTV MK L, Bl%y ORI %7213 BFE 78
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(Markov Chain Monte Carlo, MCMC ) % Fi \ 7= B & 7
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EREOBEHEROBRE R THBIAES 2. ZD72),
ZNRTCREHEEEROBAG DR EHE LTI N, £
D7z, A TiE LASSO(Least Absolute Shrinkage and
Selection Operator) & /(N % L1 IEAMETFEEW A < W
LN DHERIZ 7 > T 4. LASSO (FZEARNCTIZEI y T8 L
FHIESEL J (x, v) 52 Bdc & &, SR O RE x 1ITxF
L 2 lxl <t L7 BHi &t md 52 & T, SHERD
RILwEfET 5T TH 5. TOMR LASSO I L #Eidh
ToMBHEROBEAGDRIE, W2ITHHB/INT A—F LT
T ARBHETIIHA. LrL, BISTA—XAITL->T
Nl & e ARAGDRIEIRL D, BTN RER Mo
MAGDRICH L EOBREDBEMMERD H D &\ D T
RIS OBEDPEHITKE A G DO WEME T,
—HESDOETIVHHEEL, TNRT THEPFERICEKB TS
BEVSEZIFZFANIICL V. 2D, MIHKEY AT
LT, #IZEBGE SIS L CTid LASSO 1Icfh ) ES-
LiR (Exhaustive Search for Linear Regression) 17 (18) } (3
NALFELEFALCEY a—VBAEAIN TS, ES-LIR
R ERIF O I L L < BFE 2/ itEd 52 &
T, MR Tle < Sl ffr 7 ORI ICRY I 5 1EHR B
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HOPICTA2FETHS. MEOEHA L, EALOFEMITS
EWRAT) (1) B I ndz\.

ES-LiR O#AHEHF & LT, #o~)V7 94 FZERERLA
F(Ms 5) OERZ B - 7oBl % 77909, $ld Ms S RFE
HELOETHERTLRDOREICHSKET HZ EHAD
N, A 2LEKOHEANREINTEY -, o
— % LA ISR § @2,

Ms=512—453C+15Cr—16.9Ni —9.5Mo + 217C2
—71.5CMn—67.6CCr

COLEDEHERCEEINSEGETLTEOMAADEIE, |
2 DREZEB O EREBRIZE D LDTHY, L OEEITHE
2 DEBEILHDOE THREDORWEERAHWONS. TOR
FEICK L ES-LiR ##M L, BFE O4IREZW S »ICL /o
HEZRIICRT. &k, T — X ICIX19654E LT O 7518
BIVICHE XN/ Andrews DF — X AL 7@, K3
Q)64 h5 X 5IC, Andrews OHEER T BFE O# 5 2
HIIMBOMEEOHER L VEF TEIHSH00, LIFLDL
RN TlEy. — T, K32 bidRkEEE R
b OHERERITK L5 B 2 /R b Tld e v & b
A, TOLSEE, BFEXHWTL TOHBRTO
EEEFE L 2N EH BRI EONS (K4, K4
(@) 13 EAZ1062F TOEFIICB W TEIR S N HHPIE T %
B, BEINSN -7 D RETRLTWS. F,
4D FBAHMARTICH L LETFIVOMRLREEL ML L
TEEEZRL TWA. flzi8, BFE & 5@ 4 5 H#EE A
220250, TWIZHEREN Mo & COZEHEIAE | &L

() (b)

Andrews (linear)
Ms = 539 - 423C ~ 30.4Mn — 17.7Ni - 12.1Cr - Mo

Payson and Savage
Ms = 489.9 - 3167 — 333Mn — 16.7Ni - 27.6Cr,
~1L1(Si + Mo + W)

s g
g 8

Best Model

Probability, p(M, | D)
&
e 3 2
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5(M4@). LrL, BEEEOHLA»HIE [W & CMo &
FERSEOEEWERD L] LA n5(X4ab)). Hinh
FR72FICHER R D SO THNL, BEE2 %> &I
HEGI 0. LaL, BERINICHARTFRTROWEAYE
HHICE 2 5 LT, ES-LIRIC L DESNAREEREIT &
NESDRBHREZ2LDTHS.

b) BEOREETILNHODETILER
BEEMEOMBEICE VT, —20HSE2HWT 5TV
ELTHEBD AN ALDPRESINL I LFBLI RV, &
72, WINDANZAAPFEEOB LA TZEL T 500 &
Vo RN, 82 OTFFEE ORER S EICE S WTWS v
> THBETEAV. LaL, ZTOREHENAE - LITHkK
% E CICBRECELRRPRNATRTH Y, FERITHE < O
FHEDOREERMDO L NV TEBEIN/CHMOBEI NEEL 5.
LoL, ZORRRSERMOEAITEL <, &5 & #7200
LEWHEROMNLPBHETHS. 2T, RESINHE
BDO AT = ALK L BFE #3kd, b LLHLWET IV
DEIRIPFTEEGE L 7o % 7”5

—fiC, BFEXET IV a5 & BTNk 5
CLREEETH L. FD72, MCMC % 7 R 7
WEFENESHVWONSE . di T, 38# MCMC
i, FHEDMICLIEERD > THRIRICKHDIZS W &
L, LM BFE OEHRTE 57200, MI ¥ A5
ATHAINTWATETHS. 508 MCMC ¥4, MR
B ERL, MAOHMELICBT HFEES M %
Pylx)bP(x) 952 LT, Bix 5 MEERTOTIZ K
DOMCMCEILIZ TITO2FETHSH. COHE, BFE X
KARTEzZ LN -

BFE=—1n SP(y\x, M;)P(x| M;)dx

= =2 In{exp (= (Bj+1 = B)log P(y|x, M;) >y,

J
COT, {m)p 3R B OFHSMICIIT % m O iE
B9 5. COfREME—REHICAZ 50, BV
FICBO TR BICPHEOREITF <, $REL=1Dk
BrE#R s i85 & CBFE k5 L1, &#iC BFE
HROLIEMTELDTHA.

T MCMC O HER & LT, $OLREET) % K%
2 IR T T HEBRT — 2 & I\ CEBRO R 4 ik & 4
LbHLLSHMATLETIVAEERL 2 ER+@. K5
4 (Fe~0.15C-1.5Mn) % 1400°C#* £0.3°C/s THHI L 7= D
BRACICEIVERINALT 2 594 FEREROHER TH
%. TCCOMEIE, CORBEEROHRIZTNIET 25
A VEROFAT 4 VT ADHZEMTELDPEND T ETH
5. COMEOSE, WHAMRICE T 5B 2 < 0
FRTHESINS T 254 FPERRIEZ3 2B 5. —DidIEkE
REZFTRERINALV VA LEORA 7 54 F (LF), &
D — DT B G FH & IS FE TRERL S 1 S Pill-box B &
MEh 2R AR 7 254 F(PF), ZLTREIZ 7254 Y
A FTV— bt EFENRLRROT7 254 +FFSP)TH 5. %
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K5 7154 FEEREROHR (1400°C, 0.3C/s) &7 =
FA M ERETT V.
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=
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0
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M6 7T FAERREOREHEEREL.

*£1 7154 MEFIVOHES2 - BFE.

Model class Fitness Complexity BFE Probability

LF 112 18 130 4.09%x10-35

PF 94 11 105 3.53x10-24

LF+FSP 42 24 66 3.05%10°7
PF +FSP 34 17 51 99.99

7o, BEIhHAlAEDbYELTILF, PFRAZTNZTNYE
MTHER SN EE, LF OKRICFSP AR SN 5845,
FIZE PF DRI FSP AR S N A% E DT 48 0 O A
HEoEABH(M5MD)). 7l BxDETIVICHT HARE
K DZFELI3 Johnson—Mehr-Avrami-Kolmogorov (JMAK) 77
BRATHWTEZ26N 5. B6ik, £2TOETIVOE
FWIRG A— R i EHEEIC K VR, HEEHEN NS>
7o BAL3 DDOETIVOHERR & ERFER % L 72X T
B5H. WTNOETIVHHEERET THIT/NSIWT &R
D, TNRTTRRELRTTIVERIIHEL. L2rL—F
T, 1ICRIHEICBFE 263, PF+FSP 5 L3MLD
ETIVEDLOMPICKELRLELRT DB 05h. EE,
BEFBEDL GIE Pill-box OK K7 = 54 F BB S
NIRICFSP PR SN S T ERBESNS. 72, ZD
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BBIEEL PF+FSPEFIVE—F L THD, BFE#HW»
TR ROZ L2 TR AR > TWH ),

3. 3D/4D DI AT L

3D/4D 5Hry AT LT, BERaMEHLE O 3 KICE#HR
1G5 ODEBRT — X B EICRD 75T F VAT AT
# % Material Image Communication Cloud (MICC)@® [,
MAHERR D 3 RICHEE 2 15 L 72 B v 7 0 2 SR BRI (R BR
>k % Materials Integration Phase Analyzer (MIPHA) @9 DB
FwA{To 7.

(1) MICC

BEMEORTEE®E 2 2846, MO 3k LELED
FAAHOMCT A EIIEREEEZOLNTVS. L2L,
ZD7=OITIE 2 ot DM A &E G 2 L, 3 KILHE R %
W 5 3 RICEGAMBIRE PR KZH, ZTOREYF
KT HICEECIT AT RHEMANRA#HANEETSH. ZD)
&, FEROFRHERE O BEATIE 1T 2 R I5 O i L% 5 28
FIHSNTOWAIBE o7z Ei, 728 2O 3
RTEEBPBEETEI L LT, EHRMEORRIIRZ
H 9 DI R ORI B 3 2R AR S LETH D,
RAEORBRZ M2 - EHMFR TLEHETIIR\. 207, M
e BRI O ISR TR O ) O i ) e I (LR TR A
HAGDERHBIT VAT LADNELIN TV A.

MICC L, 757 F ETEIFT % 3 KICHEBRAEIRE T
HY, Xy P T—7%BLTTI7EATHI LT, Hlzrd
FIROMKE TR ABEERAELZFETL TS LD ICRES
CUMTELYVAT AL > TWAEET). £z, PIREER
W9t LICEBT— 2 ~NOT 7 2R L EHRTE, FIH
ERTOF— 2 EFOMHALHZ TS, ZTDd, BEH
DOWFFEREEI O #HEE L IR BFFEORh R 2 78 T & B & 7%
> TWh. SHICHEGUBEOBRESCZOEEKEY B L Tk
D, BEIAT> TN TOBEBGIEOBIEAZERT 5 L5
WEETHSH(K8). CORLBELZFIHTSZ LT, FRiy
2134 < OPFIEEIT L A EHORITHRB O O R bR
MBS BHT e TE S s T 5.

MICC D@ REI & LT, S w4~ O =5 0l 2 45/
5. 9@V Ty Yy a Z v KBS L i
BONFPEMBE T B BT 52 & THLNHE D 3
WL, A xd7RTH 0 H L 2 WmES 2 2R L T
LT HRL T D ZORRICEENTE O 2 i 5
HTET, PIZIXIBA—ATF A PRASC~ILVT VA A
o7y 728y bW BN 3 ReHE S A R
ST A5 EDFRRICRADOTHS. £/, KNI
CORICLTHEBLAZ7Ry 7O3RTEHEELZRL TW
%. COBITIIEMR PR < W B0 2 M, S

MICC Material Image Communication Cloud)

SRR T IR
AESWG
SEERHE
FEEFBNTTAE

)

X9 SO 3 ROCHBATREHC & ALRkA
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BIEROHE AT > TWAR, TOMZE %3 58ROME
¥EEAY & TEB LT — 22T H LT, YUTILE
7Y a VIR DB LN RFEME T ED O HEICH
o 2 TTRRIC 7 5 L HiFE S N A,

(2) MIPHA

FHR D X 212 TR D 3 kY 75 3 RS (3
TFUNCEETHAHERZ] EMRERGHEL LAHRL T\ 5.
L L, EBRICHEHEO 3 RTTIHROED T2 FIE BT
%, B3 Z0OMR L5 ELTLLEWUTIER. 22T
MI #fi & AT ADHEd 5 LA, MR O 3 konlEH
DSR2 3RTEDOMBIERODRELTEV ATV —V 1
VI ALERBY, FOTSB X AT L TMIPHA &%
ﬁbfﬁﬁ%%ﬁo 7L:.

MIPHA (3 MI#i &> AT AR AR L 7Pl A & FRRIC,
MR O 3 K tlEHE WD ECARA R HBEFRTH 5,
OB, @2 RuFrgEML, O3 KITFEEML,
@EEHEE, O 22 DTy 2 —IVE L TETTES
MERY AT AL -> T b, FRHCEROEE R & L
T, MR DI EE e R, FEERLRY) &K
o B TEMICEE R (B CAHBR K, HAE#R
&, “OHBEEROERE, N—v ATV P RERY =)
BB LA, MIPHAZY V7 ) 7 TRiE OB BE % %
ST A AT AEE->TWA. E72, BENRTONT
\\ % shinyMIPHA TR#EEOHHEX B+ 5. FIC,
MIPHA ClZ N HOH#ER AWT, BHICHER <t

DFHPTELEPEBTELY IV ETE-> T A.
MIPHA O3 A% & LT, DPOEM AT L 7-6%
e I = [V e R @I a7 B2/ S R R - X 5% g by o= =2
MEGEEND, BMFHICLD 7254 PRV T /YA b
T HEREL, TOBMEFIHEL T3 KILA MK i
B L7ZflaRL TWab. E, BINZIIS -0 & hifRic
MBS LN T 2R T2, TTICEENDLE L DKM
FHFb 7 2 MIPHA Tk FREIC R > TED, Thb
Rk 2 B FEAEA T 52 T, BEC-0F
HAMBEPHETELT R TE 5@,

Al-image processing

1 month = 10 min

Watershed processing

X110 DP @ik 3 JOorHmk AR & fHidh .

| WA (Z2—F0Fky bT—0, YR—bRIZ—TD Y SYHLTALAI.)

< BRI RENTAT) XL, DFHREC, ~1 XOBEIL.) |

EAERHOER

[omm

REGEREY
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OFfithH 7Y REH
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[ oxmrRomstE

=7717
ORISR T vV #E=24/D
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BRI T Y AT ADEBIE, T — X R TFEE v
TR TR MERE T O RN e SR L A Y R—T+ 95 C
LIZH -7 COFRBITHTHME L TL, SR BHET
4 % kE® Material Genome Initiative (MGI) D% < O 10
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TAT > Tl E VB WL D —DDFH, T—xFkE Z/N—
ATV VT ThbH. i, MK 3 RITHEEIL, K
FICEDEEESON P ORON/DIEE 2T RIS L
ZAHBEMOEETH 7. ZORGTRUAFTHL, #HTLH
HICHE X BV AT L, TN EHIEL /72D MICC Th 5.
T, BELEDONLAL, E2M2X VORI LTLDL
HEHTIX e VWoORMEEED 3 kK TiEETH 5. ZOFE
Ao 7ar 247 &L TCHFEL DN MIPHA Th
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——OQverview——
Radiation Tolerance of Ultrafine-Grained Materi-
als Fabricated by Severe Plastic Deformation
Nariman A. Enikeev, Valentin K. Shamardin and
Bertrand Radiguet

—Special Issue on Latest Research and Development of
Structural and Functional Titanium-Based Materials——
PREFACE Takayoshi Nakano, Takayuki Narushima,
Takao Hanawa, Masato Ueda, Yoko Yamabe-Mitarai,
Tadashi Furuhara, Hideki Hosoda and Mitsuo Niinomi

Effect of Forging Temperature on Microstructure

Evolution and Tensile Properties of Ti-17 Alloys
Yoko Yamabe-Mitarai, Syuji Kuroda, Norie Motohashi,
Hiroaki Matsumoto, Goro Miyamoto, Elango Chandiran,
Yoshinori Yoshida and Yoshio Itsumi
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Quantitative and Qualitative Relationship be-
tween Microstructural Factors and Fatigue Lives
under Load- and Strain-Controlled Conditions of
Ti-5A1-2Sn-2Zr-4Cr-4Mo (Ti-17) Fabricated Us-

ing a 1500-ton Forging Simulator
M. Niinomi, T. Akahori, M. Nakai, Y. Koizumi, A. Chiba,
T. Nakano, T. Kakeshita, Y. Yamabe-Mitarai, S. Kuroda,
N. Motohashi, Y. Itsumi and T. Choda

Suppression of Grain Boundary o Formation by

Addition of Silicon in a Near-f Titanium Alloy
Masaaki Nakai, Mitsuo Niinomi, Huihong Liu and
Tomonori Kitashima

Low Springback and Low Young’s Modulus in Ti-
29Nb-13Ta-4.6Zr Alloy Modified by Mo Addition
Qiang Li, Qiang Qi, Junjie Li, Masaaki Nakai,

Mitsuo Niinomi, Yuichiro Koizumi, Daixiu Wei,

Kenta Yamanaka, Takayoshi Nakano, Akihiko Chiba,

Xuyan Liu and Deng Pan

Effects of Fe on Microstructures and Mechanical

Properties of Ti—-15Nb—-25Zr-(0, 2, 4, 8)Fe Alloys
Prepared by Spark Plasma Sintering

Qiang Li, Xufeng Yuan, Junjie Li, Pan Wang,

Masaaki Nakai, Mitsuo Niinomi, Takayoshi Nakano,

Akihiko Chiba, Xuyan Liu and Deng Pan

Development of Low-Cost Manufacturing Process
and Effects of Adding Small Amounts of Ta, O,
and N on the Physical and Mechanical Properties
of Highly Biocompatible Ti Alloys

Yoshimitsu Okazaki

Preparation of Titanium Alloy/Bioactive Glass
Composite for Biomedical Applications via Selec-
tive Laser Melting Sungho Lee, Jong Yeong Oh,

Soichiro Mukaeyama, Shi-Hai Sun and Takayoshi Nakano

Production of Superplastic Ti—-6A1-7TNb Alloy Us-
ing High-Pressure Sliding Process

Kyohei Watanabe, Maki Ashida, Takahiro Masuda,

Petr Kral, Yoichi Takizawa, Manabu Yumoto,

Yoshiharu Otagiri, Vaclav Sklenicka, Takao Hanawa and

Zenji Horita

Mechanical Properties of Additively Manufactured
Porous Titanium with Sub-Millimetre Structural
Units Masato Ueda, Masahiko Ikeda, Shigeo Mori,

Kenji Doi, Hisashi Kitagaki and Shuntaro Terauchi

Enhanced Cell Proliferation on Biomedical Titani-
um Surfaces by Laser Ablation-Induced Micro- and
Nanoscale Hybrid Structures

Hwa-Teng Lee and Ching-Chi Lin

Fabrication of the Silicate Containing CaTiO; Film
with Hydrophilic and Smooth Surface on Titanium

to Improve Osteoconductivity
Liwei Zhu, You Saito, Koji Koike, Kensuke Kuroda and
Masazumi Okido
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Formation of Photocatalytically Active TiO, Lay-
ers on Ti-Nb Alloys by Two-Step Thermal Oxida-
tion Shota Sado, Takatoshi Ueda, Yosuke Tokuda,

Naoki Sato, Kyosuke Ueda and Takayuki Narushima

Photocatalytic Performance of an Anodic TiO,
Layer Fabricated in a NH,NO;3;/Ethylene Glycol
Electrolyte with Various Crystallographic Phases
Mingxue Bai, Shunya Nakazono, Kaho Yamaguchi and
Naofumi Ohtsu

Temperature Dependence of Activation Enthalpy
for Yielding in Bimodal Ti-6A1-4V

Bhargavi Rani Anne, Masaki Tanaka and

Tatsuya Morikawa

High Temperature Tensile Deformation Mode and
Microstructural Conversion of Ti—6Al-4V Alloy
with the (o + o) Duplex Starting Microstructure

Hiroaki Matsumoto and Hiromasa Ito

Effect of Oxygen Addition on the Formation of o”
Martensite and Athermal @ in Ti—-Nb Alloys
Sota Kawano, Sengo Kobayashi and Satoshi Okano

Effects of {332}<113) Deformation Twinning on

Fatigue Behavior of Ti-Mn System Alloys

Ken Cho, Kohei Yuki, Hiroki Kobata, Mitsuo Niinomi and
Hiroyuki Y. Yasuda

a-Phase Precipitation Behavior in g-Type Ti-15V-
3Cr-3Sn-3Al1 Alloys Aged by Different Aging
Processes, Investigated Using Transmission Elec-
tron Microscopy

E. Sukedai, T. Hashiguchi, M. Naruse and E. Tanabe

Effect of C and Al Elements on High Specific
Resistance and High Rigidity of Ultra-High
Strength TiC;-x/Ti Metal Matrix Composites
Fabricated by Blended Elemental Reactive Sinter-
ing Tadahiko Furuta, Katsuomi Shiina,
Yoshihisa Ueda, Shinobu Shimazaki and

Kiyoharu Nakamura

——Regular Article——
[Materials Physics]
Tunability of Mg,Si Bandgap by Formation of Mg,
(Si, C) with an Anti-Fluorite Structure Examined
by First-Principles Calculations
Yoji Imai, Atsushi Yamamoto and Ken-ichi Takarabe

[Microstructure of Materials]
Strengthening Mechanisms of Powder Metallurgy
Extruded CP Titanium Materials with Zirconium
and Oxygen Solid Solution via Decomposition of
Zr0, Additives in Sintering
Mizuki Fukuo, Shota Kariya, Junko Umeda,
Katsuyoshi Kondoh and Masato Yoshiya

Goss Orientation Evolution in Ti-5.5Mo—-8Al-6Zr
Shape Memory Alloy upon Heat Treatment

Yuri Shinohara, Tomoya Sasaki, Masaki Tahara,

Hideki Hosoda and Tomonari Inamura

Solidification of Aluminum Plate and Cylinder In-
duced by Heat Transfer Toshiro Owadano
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Influence of Gamma Irradiation on Properties of
Ferroelectric Composite from Cellulose Nanopar-
ticles and Triglycine Sulfate

Mai Bich Dung and Hoai Thuong Nguyen

Enhanced Property of W—Cu Composites by Minor
Addition of Ag Xiaojuan Gong, Shu Yu, Yunping Li
and Hu Yang

Effects of Microstructure on Mechanical Proper-
ties of Harmonic Structure Designed Pure Ni

Masaya Nagata, Naoki Horikawa, Mie Kawabata and

Kei Ameyama

Enhanced Dendrite Coarsening and Microsegrega-
tion in AlI-Cu Alloy under a Steady Magnetic Field
Shengya He, Tongjun Zhan, Chuanjun Li, Weidong Xuan,
Jiang Wang and Zhongming Ren

[Mechanics of Materials]
Investigation on Simplified Equation for Estimat-
ing J-Integral of Adhesive Joint and Its Applica-
tion to Galvannealed Steel Plate
Kensuke Ogawa, Ryusei Maeda, Takaya Kobayashi,
Eiichiro Yokoi, Toru Furusawa, Kenji Takada and
Masaki Omiya

Mechanism behind the Crack Formation in Hydro-

gen Doping Cz-Si Crystal Growth
Wataru Sugimura, Kousuke Takata, Masaki Tanaka and
Kenji Higashida

[Materials Chemistry]
Investigation of Sintering Behavior in Low-al-
loyed Steel Powder Containing TiB, Particles
Nobuhiko Matsumoto, Toshitake Miyake, Mikio Kondoh,
Yusuke Oishi and Kazuhiro Toyama

Anisotropic Electric Conductivity and Battery
Performance in C-axis Oriented Lanthanum Sili-
cate Oxyapatite Prepared by Slip Casting in a

Strong Magnetic Field
Tohru S. Suzuki, Satoshi Takahashi, Tetsuo Uchikoshi,
Takamasa Ishigaki and Kiyoshi Kobayashi

Influence of Zn Content on Grain Boundary
Precipitates on Stress Corrosion Cracking of Al-
Zn-Mg Alloys under Environments Containing
Chloride Solutions A. Chiba, S. Takamori, M. Ode

and T. Nishimura

Preparation of Nanoporous CeQO, Catalyst Sup-
ports by Chemical Treatment of Amorphous Alloys
and Investigation of Ni/CeO, Catalytic Activity
Ai Nozaki, Ryosuke Fujiwara, Chiyako Ueda,
Ayane Yamashita, Hiroaki Yamamoto and Masao Morishita

Effect of Titanium on Oxidation Behavior of High-
Purity Ferritic Stainless Steel Yoshiharu Inoue,
Nobuhiko Hiraide, Atsutaka Hayashi and Kohsaku Ushioda

[Materials Processing|

Evaluation Method of Formability through De-

velopment onto Tangential Planes: Geometrical

Evaluation for Forming of Closed Section Parts

from Sheet Masahiko Sato, Akihiro Tokugawa,
Yukihisa Kuriyama and Katsuyuki Suzuki
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Influence of Various Elements on Primary Crystal
Temperature and Carbon Equivalent in Hypo-Eu-
tectic Cast Iron

Toshitake Kanno, Yuki Iwami and Ilgoo Kang

Effect of Alloying Element on Si Phase Precipita-
tion from Si-Supersaturated «-Al Solid Solution in
JIS ADC12 Alloy Die Castings during Heat Treat-
ment Shuxin Dong, Yasushi Iwata, Jun Yaokawa,

Kazuma Hibi and Keiichiro Oh-ishi

Numerical Simulation of Cut Surface Shape and
Residual Stress Distribution in Shearing Process
Masaru Fukumura, Yoshiaki Zaizen, Takeshi Omura,
Kunihiro Senda and Yoshihiko Oda

Microscopic Observation of Precipitation Behav-
ior at Friction Stirring Zone of Super Duplex
Stainless Steel Itto Sugimoto, Seung Hwan C. Park,

Satoshi Hirano, Hikaru Saito and Satoshi Hata

Evaluation of Mass Transfer in an Aluminum Melt-
ing Furnace Stirred Mechanically during Flux
Treatment Kenya Kato, Takuya Yamamoto,
Sergey V. Komarov, Ryosuke Taniguchi and

Yasuo Ishiwata

|Engineering Materials and Their Applications]
Electrical Property Improvement of Copper Filler
Conductive Adhesive with Low-Melting Point
Metal Bridge Michiya Matsushima, Yusuke Takechi,
Shogo Minami, Shinji Fukumoto and Kozo Fujimoto

A Low Temperature Fabrication and Photoactivity

of Al;TiO; in Cinnamic Acid Degradation

Nguyen D. Trung, Ha C. Anh, Nguyen Tri, P.H. Phuong and
Hoang T. Cuong

Enhancement of Perpendicular Exchange Bias by

Introducing Twin Boundary in Pt/Co/a-Cr;03/
a-V;0; Epitaxial Film

Yu Shiratsuchi, Saori Yoshida, Satoshi Onoue,

Chiharu Mitsumata, Nobuhito Inami, Tetsuro Ueno,

Kanta Ono and Ryoichi Nakatani

Ti0,@Si0, Nanoparticles Functionalized with

Para-Aminobenzoic Acid (PABA) by Fisher
Esterification Reaction

Maria L. Carrera-Jota, Margarita Garcia-Hernandez,

Ernesto Rivera-Becerril, Jorge H. Luna-Dominguez,

Angel de J. Morales-Ramirez, Arturo Lopez-Marure,

Perla Y. Lopez-Camacho and Brenely Gonzalez-Penguelly

The Flow Softening Behavior and Deformation

Mechanism of AA7050 Aluminum Alloy
Qunying Yang, Xiaoyong Liu, Yongxin Liu, Xiangze Fan
and Mei Shu

Three-Dimensional Morphology of C15-Al,Ca

Precipitates in a Mg—Al-Ca Alloy

Sakiko Kashiwase, Mariko Unekawa, Hiromu Hisazawa and
Yoshihiro Terada

Positive Effects of the Ultrasound on Biosynthe-
sis, Characteristics and Antibacterial Activity of

Silver Nanoparticles Using Fortunella Japonica
Nguyen P. Anh, Duong N. Linh, Nguyen V. Minh and
Nguyen Tri

Direct Deoxidation of Ti by Mg in MgCl,-HoCl;
Flux
Lingxin Kong, Takanari Ouchi and Toru H. Okabe
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