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Understanding of Transformation Mechanism of Cold-rolled High Strength
Steel Sheet with Composite Microstructure
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Fig.2 Isothermal sections at various temperatures of phase diagram in quasi-ternary Fe-1.5Si-C-Mn
system:(a)800°C (1073 K), (b) 740°C (1013 K), (c) 700°C (973 K) and (d)600°C (873 K). Chemical
compositions of y phase measured by FE-EPMA for different annealing and quenching temperatures
are shown as solid circles and open squares for T, =800 and 740°C (1073 and 1013 K), respectively.
The a+y two-phase region is divided into the PLE and NPLE regions for the ferrite transformation.
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Fig.3 (a)SEM image, (b, c) elemental mappings of C and Mn and (d) distribution of each phase of the
specimen for 7,=800 “C (1073 K), t.=1.8 ks and T;=400 ‘C (673 K). (Online version in color.)

Table 1 Volume fraction of each phase and tensile properties of specimens heat-treated with each condition.

- ; ‘ Volume fraction Tensile properties
eat-treatmen
condition Annealed o Transformed o Martensite ~ Retainedy | | Jga / ,&ia ETlolti'/i UZ;CO.C/T éfff/i
T,=800°C, t,=1.8ks,
Tq=400 oC 0.33 0.36 0.29 0.02 460 969 21.7 13.9 7.8
T,=740°C, t,=14.4ks,
Tq=400 oC 0.68 0 0.30 0.02 488 975 15.8 10.5 53

Si Cor

P 36
5 33
29

= High KAM value region
in ferrite grain

q

y/,///;'m,ﬁ% } Tensile direction

Fig.4 (a) SEM image, 2D mapping of (b) C, (c) Mn and (d) Si, (e) 1Q mapping and (f) KAM mapping of the specimen for
2 =800 C (1073 K), ta=1.8 ks and T, = 400 ‘C (673 K) with nominal strain of 0.10. Each phase is depicted in (g).
(Online version in color.)

MEENENEEZ NS, PLED XS akREICIZ, 2k DEIELT, Bigti T+ 74 P EERET £ 54 b A IRIEX
T x4 FOEAIZ K BEEPERA DA F = X LW TELT w52 LT, ZORMEZHNTER E S Sri 0B A B A

43 | 381




5258 Vol.27 (2022) No.6

L. @O ITRHEED L5 5. 5RERROE O Ak
2B B MITRLED EARIC KD, A REDFREBL, 374
DBy F T OFESPRI X N, Z OREREVED T ET S,

D> BELSBOEM

KE XTI, ENEE FE-EEPMATS i 245 2 & T,
RIS DN E IR D il % B L 721 HIED 7 = 5 4 b
ZEREZEB O T R0 22 fAHT 2 AT\ RO LRI v A e A S
DFHEMEALD 72 DFFERIEN S DO CER A TR 5 2 LT
E 7z, EXNIZ TN T, WHIREICAR T 24087 = 714 M,
BT 2 74 b6 DTEAF Y v LKRIZKDEKT S S
DE, F—ZAFF 4 PN TER, REICKDAKT
2HD0DH 5T EEBNTNS, T2, KiffZeh 6 DRER
BRETE UTHBITL72ERET 54 F OERIZ K 55 HEDP
PO ALY FIZ BT U722 T4 < RO ol
IR RD ENsz, D& D BBRIZOW T LB OB
FTOERET>TOEN, & HITHIRAZ D 5 72012134
SN AT B 2 B & B A B SRR L TR
BT TOE 720, 250 IS DPH#IR % 3 R It
RaAT > 120, 136 N2 RRIZ AR A S TRIPH#NK 2 & D
oD 1 MR iy AL = R WA = & B 2SWTRE L B 2 S h
% MIESA S TRIPHIN DB A — 2 7 F 4+ D4R ZES)
123t U T 8 kS FE-EEPMA SR O AR A S h T
DY Sk, AR G AR BAR D S HEE BB S B
7 5 RO B  E b,

B> Bhbic

FRI AP Fiam . 2B R AY 2 DR IR 3R
DAL 2 R B L3 68§ 5 L5 Z AT, IEFET
U BEREBIR % 34 % 7292 Hilleart 1= X DL X h /-
EDTH B, ZORFCFHEIX SV 2R THE I NS
IALFX =R CEIXD TOZ EERLTED, Ml
75 B A REPIER ORI CT b 5, Aim X Tld, M
EIC X O INBEICRDO DAL C /B DA — 2T F 4 +»
5D7 x4 MERBIZE W TS RFFFHELGE D (24BN
1195 Z L &FERINCIH S 2 LS, ZOMZE4EL T, Bl
1ED X 5 75 B 3 HPEE S b T 2 0 & 5 25 Pilan & R
ENTHNTBIZRD THREDEE R AT, X612, —Hii—
OFESRIZRZ 27 254 b TR, SR BT %D
ZAUC K DFHEDR LD T = 54 FNRIES B Z &EhVh >
770 2O XD HEMFIEKRAZHDOYZDIZLEEE, TOBER
FNTREE Y 5 4D, 2T TEOZERIEN TH B LR U 72,
PR TIE, 2D XS 2 3 2 v SR & AR T

382 |

44

fED EF B ERICH L T %, SREF7-aEmalEd b
FBZLT, X5RDHIMEROFRIBIZHEBL TOE,

SEZXB

1) T.Nakagaito, T.Yamashita, Y.Funakawa and
M. Kajihara : ISIJ Int., 60 (2020), 1784.

2) M.Hillert : Metall. Trans. A, 6 (1975), 5.

3) J.B.Gilmour, G.R.Purdy and J.S.Kirkaldy : Metall.
Trans., 3 (1972), 3213.

4) H.I.Aaronson and H.A.Domian : Trans. Metall. Soc.
AIME, 236 (1966), 781.

5) C.Atkinson, T.Akbay and R.C.Reed : Acta Metall.
Mater., 43 (1995), 2013.

6) H.Guo, G.R.Purdy, M.Enomoto and H.I.Aaronson :
Metall. Mater. Trans. A, 37 (2006), 1721.

7) KIBHRHE, LR EL, LN, AR © BB =
[ PERAIRIZRUZ T AEICRDOIR] 7+ — 7 &
Wi, (2010), 7.

8) Z.-Q.Liu, G.Miyamoto, Z.G.Yang and T.Furuhara :
Acta Mater., 61 (2013), 3120.

9) Y.Xia, G.Miyamoto, Z.G.Yang, C.Zhang and
T.Furuhara : Acta Mater., 91 (2015), 10.

10) H.-D.Wu, G.Miyamoto, Z.G.Yang, C.Zhang, H.Chen
and T. Furuhara : Acta Mater., 133 (2017), 1.

11) X.Zhang, G.Miyamoto, T.Kaneshita, Y.Yoshida, T.Toji
and T. Furuhara : Acta Mater., 154 (2018), 1085.

12) SEHFES, EhE TS, MBS, S AR, fEr
22, AR, BUgERTT 5208, 86 (2016), 1085.

13) I FZE7, AR, Hhis —, MHIAE, #80E2E © ¢
&4, 103 (2017), 622.

14) T. Yamashita, Y.Tanaka, M.Nagoshi and K.Ishida : Sci.
Rep., 6 (2016), Article No.29825.

15) T.Nakagaito, T.Yamashita, T.Yokota, Y.Terada and
M. Kajihara : ISIJ Int., 61 (2021), 452.

16) G.S.Huppi, D.K.Matlock and G.Krauss : Scr. Metall.,
14 (1980), 1239.

17) M.Erdogan and R.Priestner : Mater. Sci. Technol., 15
(1999), 1273.

18) v, B —, ERREE, BOFRERE, LRz, 3
L0, ThISIaa, EIAREIE - L, 102 (2016), 253.
19) Mrpis =, HrhE, HEsEE, 111 : CAMP-ISI,

32 (2019), 680, CD-ROM.

(202243 H 1 H521+))



