5t g 3C

§% & §@ Tetsu-to-Hagané Vol. 98 (2012) No. 6

ZDiGhFEITEICKD T T N—7ILT P Y
BEEHEBHMICH T REEFHDEERVAERT

Al I - MR

B* « 27 77X A7 ILI*2 - BRI

g S

Quantitative Analysis of Tensile Deformation Behavior by In-Situ Neutron Diffraction for Ferrite-Martensite Type
Dual-Phase Steels

Satoshi MorookA, Osamu UMEZAWA, Stefanus Har10, Kohei HASEGAWA and Yuki Toi

Synopsis : The yielding and work-hardening behavior of ferrite- martensite type dual-phase (DP) alloys were clearly analyzed using the in-situ neutron

diffraction technique. We successfully established a new method to estimate the stress and strain partitioning between ferrite and martensite

phase during loading. Although these phases exhibit the same lattice structure with similar lattice parameters, their lattice strains on (110), (200)

and (211) are obviously different from each other under an applied stress. The misfit strains between those phases were clearly accompanied

with the phase-scaled internal stress (phase stress). Thus, the martensite phase yielded by higher applied stress than macro-yield stress, which

resulted in high work-hardening rate of the DP steel. We also demonstrated that ferrite phase fraction influenced work-hardening behavior.
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Table 1. The chemical compositions of the test steels (in mass%).

Steels C Si  Mn P S Sol.Al N

steel-A  0.050 1.47 2.04 0.011 0.0017 0.035 0.0041
steel-B  0.124 1.45 2.02 0.012 0.0012 0.035 0.0043
steel-C  0.183 1.46 2.00 0.011 0.0017 0.030 0.0040

Table 2. The volume fraction of martensite and the carbon con-
centration of martensite for the test steels.

Steels  V,, (%) C,, (mass%)
steel-A  25(25) 0314
steel-B  50(56) 0.311
steel-C ~ 75(72) 0.319
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Fig. 1. Experimental configuration of the TAKUMI instrument
on the beam line at J-PARC/MLF.
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Fig. 2. An example of diffraction pattern for the steel-A : (a) ax-
ial and (b) Transverse. Axial is scattering vectors aligned
axially (parallel) to the loading axis. And transverse is
scattering vectors aligned radially (perpendicular).
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Fig. 3. {200} diffraction peaks for ferrite and martensite phases
at an applied stress of (a) 0 MPa and (b) 1465 MPa
(steel-C).
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Fig. 4. SEM micrographs of (a) steel-A, (b) steel-B, (c) steel-C, (d) enlarged of (a), (e) enlarged of (b) and (f) enlarged of (c). F and M

stand for ferrite and martensite phases, respectively.
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Fig. 5. Nominal stress-strain curves of the test steels. Each plot
indicates the measurement point done by neutron diffrac-
tion for 240 sec.

Table 3. Mechanical properties of the test steels.

Steels YS (MPa) TS (MPa) U.EL (%) T.EL (%)
steel-A 280 786 12.5 24
steel-B 311 1184 7.5 14
steel-C 351 1476 6.0 10.8

*YS is yield strength, TS is tensile strength, U.EL is uni-
form elongation, T.EL is total elongation.
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Fig. 6. Work-hardening rate as a function of true plastic strain

for the test steels.
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Fig. 7. Bright-field STEM micrographs of ferrite phase in steel-
A and steel-C: (a) steel-A strained by 3.0%, (b) steel-C
strained by 3.0%, (c) steel-A strained by 6.0% and (d)
steel-C strained by 6.0%.
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Fig. 8. Lattice strains during tensile deformation of the steel-B:
(a) ferrite phase and (b) martensite phase.

MTRWHFELIZT 4 v FOFTAMNEL, WEHIGH CRIE
1) BRETBREESZ 5, —J7, YT YHA LR
REORE T O3 A, PLURE, NERAISHEIMEI K E L &
% (Fig.8 (b)), ZHhik, 7 = 74 bAEEREED WML TR
iz e daw, SIERIB A S, 7 254 MEEREEE ~
LT VA PSRBT AEC, AT YA b
FEARITE DY Applied stress & D K E ATIRIG %2 5T 5 Z
& EEMY 5, Fig8 (b) T2 D, X% 1050MPa (P2)
T Applied stress IZ/§ 28T O ADMHE HEL L, IEF
OFAOBMENNEL KD, ZhiE, v LT V¥4 M
R DA T B IG & R, [EIRFIS, 7 = T 4 b ik
O T ORI, IRERMICHEMENREL KD, vLT
VYA MERRTERRIRTAZE T, 7254 bR
DM O ZHEE TP T 5 L SN b, Lzn - T,
VLT VA A MR O REIRET & i U Tl SR o
3274y POFARORIMINESL B, v LT V¥4 b
FaRIE O 5 RIS ) ORINRITRAD T 5. ZTORR, 7 =
T4 MR OIB B OBE N EE 57280, 7T
A4 MESRTEOR FOFT AT MR IR A A Z < o
7L PR X B,

3-3 HEHRHEEOVTHHEEE

Fig.913, € N2 1il# steel-A, steel-B, steel-CIZ &5 1
BAEEF SN L CREABHD 7 2 54 hEvILT Y
P4 FOHOFTADOZEIZDNTRT, KHFDPL, P21k %
F AR O R T B A, @Eﬁ@WﬁWW%#%?
9, Fig.8 (a) OFEREFEMRIZ, KIZT7 274 FOHOT A

315 I



I 316

$% & 88  Tetsu-to-Hagané Vol. 98 (2012) No. 6

@ Applied stress (=X1 3 2O ADMHE 2L 2 Z & »
5, 7x74 VLU ETEERBT A Z 8905, Z
2T, 72714 b DOERIRIBII, steel-A <steel-B < steel-C
DIETAKZ N, ZHUE, LT V94 MHSEORKIZE
8597274 F OKMERBHIEIR (Figd) 1I2&kb, <
LT VA MESEREOstee-CD T = T4+ DFEIRIG
HmkEL EoeEZ 65, Zhid, Shinozaki 52 D
WELTOWBHENS— 54 VDT A SHRE 7 =54
F DFEREE OBIfR & ROEAO AR T, T DORR
ARG O EFIZE, FHHTH 2 7 = 54 b OfES R
Lo 0, EMANDO TR HEEE/NE 32 2 &5
Ehhb, Tk, LTy A4 MOMFIZES T2 T4 b
DOERMHINEC 5728, 7514 b DOEE dsteel-A <
steel-B <steel-COIED F FHMFr x5, —F, w74
4 MZBT AT AL, &P1LRE, NBEGIZEINZE? K
LB, ZOWGA, 7274 bAXWEH, v LT v A
FABEMERD, FREDOMIZI AT 4 v POTAMNE
C, WIS %52 % (IR, 20k, ThZhpilE
T5L, vILT VA FORRISINEL, BHEEE 2
WHd5, 22T, v LT V34 FORERIRIBIIZ, steel-A <
steel-B <stee  CONETAKTH 5, 26 XD, DPHiIZH
A EOIITE OB, w7 344 b OHRIC
754 FOERIRHE LT V4 N ASHREBIE
TN, ML OREEHMRT212H 25 Z &2
br b, Ko, BMUATAIERS Tld, Fig8 T/RLAZ7 =
54 MAEEREER X 720, Fig9 CRLZT7 294 F-vIL
7 VA4 BT T B NERIR 135 08RG E B O LT &
D, BREAET ST LT, K& SMTEAE A AL
KehbeEELITEZEL TS,

s 2 g
5] S
ny T AR RN
8000}
° ;
(] L
T 6000f
O
£ ;
£ 4000f
° b
k4 o
s 5
~ E
2000 ]
S o -@ o (steel-A) ]
n - o4 o’ (steel-B) 1
B a8 o (steel-C) ]
0 AR R AT EEETE FEEEE RS TS RS TS R n
0 300 600 900 1200 1500
Applied stress (MPa)

Fig. 9. Phase strains (average lattice strains) partitioning be-
tween ferrite and martensite phases.
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Table 4. The bulk elastic constants of the test steels.

Steels Diffraction elastic . Diffractiqn Diffraction elastic ' Diffractipn
constant, £, (GPa) poisson’s ratio, v,, constant, £ . (GPa) poisson’s ratio, v,,-
steel-A 205 0.26 190 0.30
steel-C 200 0.27 187 0.28
[ L B UL B ILRLLL LELELL IR UL I UL

B0 el A ] i . £ 250 @
oo o o0 % . ; 2000 E
12000 _ @ © ¢ e ¢ ¥

O o @ o (steel-A)
O o B o (steel-C)
— Experimental value
X Calculation value

Estimated phase stress (MPa) Estimated phase stress (MPa)

Applied strain

-
=

a
—_
o

. Relationship between estimated phase stress and strain :
(a) steel-A and (b) steel-C.
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Fig. 11. Residual phase strain partitioning between ferrite and
martensite phases.
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Fig. 12. Schematic illustration to explain the generation of
work-hardening caused by internal stress and disloca-
tion density. These phase strain—applied stress respons-
es are classified into Stage I (fully elastic stage), Stage
IT (partially plastic stage) and Stage III (fully plastic
stage).
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