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Development of highly oriented martensite microstructure for enhanced high
strength and high ductility combination
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For the development of next generation advanced high strength steels, a new
technology to suppress strain localization phenomena usually observed in martensite at an early
stage of deformation is indispensable. In the present study, highly oriented martensite
microstructure is proposed as one of the solutions, and clarified that new method using Ms gradient
is one of the effective measures to realize such microstructures. In addition, the mechanism of
early strain localization was also clarified from the combination of in-situ and cross-sectional
observations of slip bands.



B X C—19, F—19—1, Z—19.

1 AFZEBRAE 4O 5

HHDIREE-FEME T o ZDHE 2 A A I,
SHMMEL L L COMA R=— X525 &
BT, BEMAL D b B EO R E(
L CHERE - REMEOREICL T ST D
LHIBENTWS, FD X 5 e, JT4E DP R
TRIP 72 & D FF— AR @i 8 (AHSS) D5
FESENENT A BT HVERE R, TWIP 72
EDH AL AHSS LW @ inm s
BILHEOWIMTHEELT 5, F =1L AHSS ©
BRI R 72 B L 2D TN D, —RICH
= AHSS O REARRGHESHT, R
AHSS & [AERIZ, S8R B2 5 < T o
A MEE, EVER EAEE S A— 2T M
DERIZH D, F—HAE DR E ZEV,
Quenching and Partitioning 73 & O#r7-72 7
ntAEHNWD Z LT, EROMERTIXAAE
DT 1y ZARITHEAE L TW DT L, B
DFE DG 2> D3I @RI BLA L 72 2
J Ot EERIEL 2 LIZEIIL TS &
ZAITHD, L, ZoORREEa®
7 MZESLS I 7 ufifEEHWTH, 1Tk
PEOFRBEEA 72 m HIXFEBLTE TE 5T, T
FEMEICEE U I E 72 L FEBLITE TV
RWDDBIRTH D,

Z DIEMEDSEN A5y L I D IRR O—D
\Z~ T A S FROFROEAVE R TR E 2
Ld, TDD, WMEREE LT~ LT
A N OWERREE R RRICFIHT 2 Z &
ZRHEEL, AT A NMAD R 2R
T D EM %, SEM-EBSP % /=% dD
BHEIERICKL VAL L TE T, TORRE,
< /VT YA MEBRIL 50% % 2 5 K& 7
PAMEE 2 ) Z LRk b o, TDd
AR AOTRENE, RO SEEEZFF> 7 =
TA MAEIIRELS BRY, kO KM
R EVE L FAR A o 72, D TIRU R
EROZ AR L TE 2, HlZIRMKIR FEH O
Bh, ~ T oA MR ERCIR S S
AR SD DN, &2 OBCIRAS & O b 5 AL
X, WEAE S D= — AT "L D ) H
TOEWATERBERICELM LTV D, WA
B CEIIRET 530 R, N—H—AX
7 RV AT b DO IR LT > TE D
F O E GO, T YA b
XS N BIEER T 572D D von
Mises St #1739, ROOT AL ~ULh
BB R RS O A D SR T b A T A 5 AT g
MEFHLTWD,

Z ORER M T PRI HE IR 5 R RE 4 A58
THROANGRTFEL L TEZONDDON
A/ OHEITH 5, von Mises 514 & 13,
ETOFRESERN TR T U F DITlh LT3
BORMETHY, %< ORISR FRIEE D JTAL
IZECE L7235E, T ORMIIRIEICEM SR
Do FEEE, IR TlE<a>d Y LgEEd,
YAME RSN D TRV~ 7 22 7 A4 T
1, BBEFFORPICT X LR FMEE -
TR L v Y, HAREERmAL R L7k E
EFOEIER D 53K & 7R i A R,

CK—19 (@)

—FHT, T VA NAHOE A FE
\ZB L TlE, SEM-EBSP % f\\ 7= r4E DA%
WY, BEA—RTF A MRLEAEKRT D~
T YA N ORGSR TR DO &
MY DO 5, Bl ZIXFEAEE 5T,
~ VT YA NERRTIZS R, IREAR,
MR AR Z BT 52 EIc kY, BEDFHA
BRiolo~v T oA NEPMELRIICALT D
ZEEHLMNILTEY, BEAZLEEF DI
RIS )RR R Al D EFIZ LY, <L
T A NEOEAFRR O HE A A3 FTHE
THHIEERELTND,

2 WEEOHAR
DLEoWEmob &, RUFETIE, w7 v
YA MEOSEMELE R T 5 TR E LT,
EELAME~ LT oA MR OSEBLZ B L
7=~ LT A SO AR HIE O RS,
S BIZII AR D EFREM OFR{EAE & L TA
AR 72~ VT A SRR O BRIV 72 AEE )
FEAREICT A A D= XL DA EZ HIE LT,

3 WD HE
FRBMEERT LD, AW TIILLT
D 3 FROWFZERRAFE & HAHIIAT > T2,

1) FRRABL T TONY 72 MERAOfEA
2) YNFTx2—XT 4 —)L RiEZ WA
— AT A NP FNEL S OfEH
3) FAZNT YA MIEBTHOT ARAT

{LBG: DR
PURIZATHE O9E Fik a7,
3. 1. FRAE T TO/AY T MERAID
fi#HA
ZTTIXET, CIREEN 0. 15% T Ni JREEN
22% L 30%D 2 SO LA YEHEES L, Yk
ot &2 VERR L=, £ Dk, JEHU % 1200°C T
Bk & TR RRINEMRFF 95 2 & C, Ni fiak D4
BeAS 72 Dk 2 Ikt 2 Ep LTz, 22T,
22%Ni #f & 30%Ni o> Ms milxZEhFH 114°C
L-22CTh A=, Ni #HEEOABIZ LY Ms
MOAWRNEZ 6D EiZhb, =D,
AELZ 1000C E THMEZ ICEHTHZ LT,
~NVT YA MR A AR ST, o
Bt OB 2 ST EE L1, Yo mMes
K OVEBSD i & L7-, £7=, A—ATF
A N~ LT A NEFFIZTERR S 4L 5 Wik
FEANFEI COT R ROIFENZ A 5002 T 5
728, Wilkinson %% FN 72 ONT A fRAT T [F] R
AT - 77,
3. 2. wAFT7—RXT7 14— )L FEEFHND
7 YRR AN AR I D fiR B

< VT YA NERDY I 2L — g UF
LTI, RN TF T2 — X7 4 —)b
R WMPR) IEB A VBTV D, FRITEED
MR REICXRT L, BREOT AL INNG0%
FEOT Aoz KD, HEOT AT R LF—
%R DR VTR E SIS Z
ENZ, —HFTEZEINTEAT R RDIE



HE iR T 5720121, M esBE L
MPF k&2 WD Z EDBMEARR K TH D,
ZTUE, fEErEE T L LT T OHRSLH
MWETNVEHANT, ST RAOIEE % K
?{fbf: : 1
y@ = }'/O(a)sgn(‘r(“))|T(“)/g(“)|m

Thbb, £ ZOOTHEESIL, KT
RN RITDD R AWESTD 1/m TlTH
BlT2HENIETLTHD,

3. 3. TASATUYA NMIBITEOTH
JRPT L ELS O fii ]

ZZTIEET, Fe-0.002%C-14%Ni & Fe-
0. 2%C-14%Ni D fRFEN T2 D 2 FE O WS
% SUS316 OFAF O 1l 1fj | 2 B EIE CHES L,
Yo R4 o FRORBRF Z/ER L2, &5
(2B RERER T 280 L, 1000°CT 2 4rfflE
BRI AMmT A L TREBIZT A< /L
T oY A N AT, ZORBRF OREE
SERATEES 5 2 & C, REIIER SR
JEERE LTz, D%, TOHERRICX
n, REFRETOTRYEFEORKE DY
BER L, T X0 olm#igiL, FIB 2 Hw
TV M L72slBHoxt U, mfis Ml
FHIEMEE & VT T 72,

4 FFZEER R
4. 1. MERGE T TO/NNY 72 MERA
[X] 112 1200C T 30 WpREIPREF L 73k Cfl
BENT, Ni A ToO~AT oA B
DL ABL T T O HALFRHT OFE R 2R T,
FHRS AIEL D 22 WVEI TIZIFIE T v & AITEE &
N T RS ILTW A DS, FER AR
D HHEIK TITIR A IZRFEDOANY T b GR
@) DEIREIN TN Z Enpnd, £7-, &
WENBZ AR T M, EITTADOEFIHN
DSFRL AR O F ST 7 o R ANRITH
TWBZ EWo3n5d, 312 1200°C T 5 HFfH
PRFE L7 3UB Bl S - Lk AN o~ v
T oY A MERERT, ZOHA, Ni fko
ZIELIE 30 BEREMRFRM L 0 AR L 22 B3, 30

30h¥LER

BEROFET HEE
Ms s &) E2 : 0.68°C/um

1 Ni ARSI LTz~ v T A
A% (1200°C30h 14:45)

Hso) 001

-50 0 50 100 150 200

Bain axis
001},

Msgradientl
3Ni AR ARL T B LTz~ v T
A MM (1200°C5h FRFF)

Surface Bulk

%
Plastic deformation mostly
accumulates at the growth tip

Plastic deformation are uniformly
distributed around laths

4 =)V7 A b ORI RO A
— 2T A NHOEMEEE
Ao ARk m, £ BUBHAE

Wiz » Wo3
. ’Jﬂ D
A I
N \» - 1 N .
" \ \\- » \ 002
- N )
» . 00!
A N, . : . 002
“ S N
x

5  Wilkinson i LV KO- A4 —
AT A MO EEEED A (B) lE
TR Colalislh & % (F)
REMORERAL & [RERIC R T 5 M DS A B o 5
FNZHTVNY 72 R MBIEMIIZIERR L TR Y,
BRI R CIZE AN T b o TS
ZEngnD, —H T, A ITEERIRED
A —AT A b BEUE L7 KA fED 5
iR, REHE & FENER T KAM fED



DA ER L TWDN, FRTEENEE O 5545 )
HmDH L oI, AT E T I
HFLTWDZ ENGD, X5 21X Wilkinson
EIZ RV RO TAEEREREO A &, R
£ COREdb R O [BldRfh 2 7R3, R4
TEER D L —Z RICFE-STEY, /LT
YA FORERTIE, FICHEEEmICR LT
SATITHE WA= — AT "L EEFOT Y
FNPFEICIFEE L TV 2 LRI E N,

4. 2. wNAFT7x—XT7 44— )L RIEZHW
7= FAVERR FnfE I o> fif BH

F9°. FEMEEMEA SRR L2V MPF BBV
. EEEFER D~ LT oY A MEDE X &
B OT Ao XL F—ORREFR L, X
A VEENA — AT F A FD[100]F71H & F-
1T%E . HHEOT A XL =D /M7
ZARAE T (755) i b [RlHsAE PR A3 B 5 IR e
Thol-, ZHIFE. TASILT UYL DS
Wi & —BT B, T, ZOLMETIE, wAT
YA MERRIFBCIRIZ AR LT BR8]
BZIN-, 2T Ni-AL Bl T, <L
T A MRS R T D IS AU 2SR
DIERER LD Z LN N K —Zi/NIT 5D
WO EOHRE E—FHT D, T, AR
TFA OS5 E ETHRAIRET DD Z L
Y RS Al
WIZEBPMEOT B %2 B8 L7= MPF IRV ¢,
FAMEE T DI TR OB 21T~ 7-, K612
< IVT A b ST O RN IS TR S B U
B ERIEE TRV RO &~ T, Wilkinson
EDOHEE ST RO AR TH D, SBHEIC
*f U CEATIZ WA= — AR F L&D
TR RPFEINIEENTH Z & MPF HEIC L -
ThiER SN, TNHOTRYRIE, X5
Rtk oT, vAT oA NERRBOYIL
T YA MZBWTYH, XA UxfInnbEE
LTHEELIDTRDRTHDLZ &b, #
AT T~ vT YA MEREN—J7 [~
DS AICBEINTZANY 7o MEIRICKE R
L2 TWHEEZBND,

X6 ~/L7rroYAg MEFEO—AT A
kTR U 7= S 25T AR,
AR [101) 2358, 7 : [110] 235

4. 3. TFRA=ZATUYA MTBIFTLIZOTH
AT LB D i

X 7 (A PR SR B & (KR SR 8 C 2 DG £
AT R H & FIB 3B B Y H LAL
BEAETRT, 72, K8IZT Y HDOWHD
R FE S 2 g, IR FH T, (KOT A
W7 vy 7 ORFHMTRy vy —7
R RN SN, — 7 CIRRFEMIC
BWTL, 7y 7 EFHMIPETRTRY
W SN0, MIERRFEHIT CIHE I
B, BMAH1 O LELOFBOTHETT 2 v
7 BERr y MERTOT HOARHE RIS
ERT D EEBXLNDHE LT3 0 #35
FIER SN, £72, WiEREOBIZE 5
b, BEKRFOT N EILT oy 7 HERICE
5T RO THDLZENHBALE, 72, fE
galEEE N D b, AR FEICHE T DI
FVAELCTWDZ ENHIALE, —FTIKRR
FWTIT TN FIIRE TR TR, 7
vy 7ENIETOOTHAOR—EHIZ LD F
BENTNDZERHALMNC ST, Fi2,
RNy E = QTR AN/ = 1E =S gW e 1
WIEARER 7 4 VRO T — AT F A MIEFE
RENnehotl-, — I CIRRFBMTIX, 77X
BERASCT vy 7R T 4 VRO A — AT
FA R L TCWER, 2 b 0E[ TR
RET R OEBNIEL ARbnienoTz, L
Xy, BERBHFHTII~LT VA SO
PEIZRETRDICE D bbb, fEREL
T7uy 7 EBRECB T H0TH0OERIIE
CZavolizxt L, KRB ClI~LT 81
FOIEMIIKE T DL b3 TS
ZEBHLMNI ot EDTD, KR FEH
T T TR QRGN REEICL Y, T r

=um — &
X7 FORBERICAE U7 R E L FIB
HELOYIY H UALE,
b MR E, T KR R



.~ SteP 250 nm
N\ =

b)
121

/ 101 Bf
\121
101 /20

121 [107],

c— 031130 231
[313],

X8 FTRYEOWHETE
b KRR, T KR R
5l &

v 7 BRICBIT DO T AOHERE A B L
TWbEEZ LN,

5 EpRE R

(WA, WFZE R B ORI 224 12
=Y

Udessams0) G o )

@ Cao, R; Yu, X; Feng, Z; Ojima, M; Inoue,

J; Koseki, T, “Effect of Annealing
Temperature and Time on
Microstructure and Mechanical

Properties of Multilayered Steel
Composite Sheets”, Metallurgical and
Materials Transactions A, 47A (2016)
6042-6055
@ Niino, T; Inoue, J; Ojima, M; Nambu, S;
Koseki, T, “Effects of Solute Carbon on
the Work Hardening Behavior of Lath
Martensite in Low-Carbon Steel”, ISIJ
International, 57 (2017) 181-188
@ DEELHZE - BRAGSE - g £ - R R,
CHCH Y X RRIEITE 2 O 7 R R o
FESIZB b~ Y%A NEDORAT
EERH] , Bk 66 (2016) 420-426
@ 8. Nambu, Y. Takizawa, M. Ojima, J.
Inoue, and T. Koseki, “Crystallographic
Analysis of Transformation Behavior of
Acicular Ferrite from Bl-type
Compounds in Steels”, ISIJ

2

)

International, 57 (2017) 1246-1251

Y. Aoki, J. Inoue, Y. kagawa, “A simple
method for measurement of shear
delamination toughness in
environmental barrier coatings”,
Science & Coating Technology, 321
(2017) 213-218

A. Sadeghi, J. Inoue, N. Kyokuta, T.
Koseki, “In situ deformation analysis of
Mg in multilayer Mg-steel structures”,
Materials and Design, 119 (2017) 326-
337

A. Sadeghi, N. Kyokuta, J. Inoue, T.
Koseki, “Effect of initial texture and
microstructure of Mg on mechanical
properties of Mg Stainless steel
laminated metal composites”, Materials
Characterization, 127 (2017) 171-178

S. Ito, H. Nagao, T. Kasuya, J. Inoue,
“Grain growth prediction based on data
assimilation by implementing 4DVar on
multi-phase-field model”, Science and
Technology of Advanced Materials, 18
(2017) 857-868

H. Kim, J. Inoue, “Prediction of Ac-3 and
Martensite Start Temperatures by a
Data-driven Model Selection Approach”,
ISIJ International, 57 (2017) 2229-2236

%) GF1014)
J.Inoue, “Multi phase filed study of
plastic accommodation in austenite
matrix during the formation of lath
martensite”, MS&T 2016, Oct. 24 (2016),
Utah, USA
J.Inoue, “Plastic Accommodation 1in
Austenite Matrix during the Formation
of Lath Martensite in Fe-Ni alloy”,
MSE2016, Sep. 27 (2016), Darmstadst,
Germany
J.Inoue, “Deformation Behavior of
Lath Martensite in Low-Alloyed Steel
during Large Tensile Elongation”,
PRICMY, Aug. 3 (2016), [E 7 T4l E
i (D)
J.Inoue, “Mechanical Behavior of
Multilayered  Metallic  Composite”,
PRICMQ, Aug. 2 (2016), [EZAUEREFRE
o CHUER)
#Lﬁ%fﬁmﬁvw%y%4k®%%
LHREE), MBS R T T A
(2016)
J.Inoue, “Microstructure and Toughness
of Fe-Zn intermetallic coatings of
galvanealed steel sheet”, Galvatech
2017
J.Inoue, A.Sadeghi,
“Multilayered = Mg/Stainless
Composite Sheet”, IUMRS 2017
S.Komine, J.Inoue, “In-situ

T.Koseki,,
Steel



(
(
O
O

(
iR

6

measurement of surface relief induced
by ferrite plate formation in low carbon
steel by digital holographic
microscope”’, MRS Fall Meeting, 2017

I EHfiER, A. Sadeghi, FEHRF—, /NBEAKL
2, MRRET A~LT oA MIOEE
RFEICRIET IS 2 I v NHIORE |
H AR KRG R 2, 2017

S. Komine, J. Inoue, “In-situ 3D
measurement of surface relief induced
by phase transformation in low carbon
steel by digital holographic microscope”,
TMS 3DMS, 2018

ME) (o)
PESE PERE)
R G0 1)
HEES NV CIVRCD)

Z D)
— B

. WFFEAL A

(1) WFFEAEA

HE Hk (v Yary)

FORRA: - SRt se & o 2 —

- e

WF7eE% 5 - 70312973
(2) g oy

INGERE PV~ ~w=23)
HHRORS: « TR 2e R - Bh#

7&K S © 80569799

(2017 # 5 A 31 Az X v EIE)



