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Effect of Microstructure in Hot Rolled Steel on the Formation of Retained
Austenite and Mechanical Properties in Cold Rolled and Annealed Steel
Sheet

Hung Chuan CHEN, Kenji TOMOKIYO, Hidenori ERA and Mineo SHIMIZU

Synopsis :

The carbide distribution prior to cold rolling was studied to know its effect on mechanical properties
with respect to retained austenite (7g) in 0.2%C-1.4%Si-1.0%Mn-0.05%P steel cold rolled and intereriti-
cally annealed and isothermally held at bainitic transformation temperature. The microstructures after
final heat-treatment were of ferrite, ¥, bainite and/or martensite. In general, the steel with prior fer-
rite/pearlite structure (FP steel) gave more amount of 7z and better mechanical properties such as
strength, elongation, eifc. than that with prior ferrite/cementite one (FC steel). The excellent mechanical
properties in FP steel were based on a large amount of 7z which transforms to martensite during deforma-
tion, giving rise to a high work hardening rate. The experimental results also showed that an increase in
intercritical annealing temperature and/or time brought about a similar amount of 7z in FC steel as in FP
steel. However, FP steel still exhibited a superior elongation compared with FC steel. The reason for
this is that the former contained a relatively large amount of small (about 2 um) 75 with stacking fault which
would originate from fine cementites prior to cold rolling. It was concluded that the mechanical properties
were strongly affected not only by the amount of 7z but also by the 7 size and configuration.

Key words : strength and ductility ; retained austenite; steel sheet carbide distribution; work hardening

rate ; mechanical stability.

1. #& B8

FE, BEA—X7FF14 b () ECERESE
BREAEHOGERETEE EhTwa), ZoEo
S LD 7, OLREFEEM (TRIP) SR L0
E~EENT P AHELL BENRTYSE I EIIEMTD
5. FROBMAEE ¥ UET S -0 3P B
D VRVFHAETHIENLET LW, SEKGRELT
HIKR ZEPH T Si, Mn, Ni, P, Cu & &EDITEEN 7%
ERICENTHAZ L WMEESN TSI, F -5
BOBMBEEMA, Thbb 2 HIBBEMIERE BN, §H
WEE, NAF A MARERBLHEEE - B2 EORF D
YRIERICKELREEL25ZH I EIRENTNSEY,
LA L, WEROMG (7o & 2 SHSRE RICHS A

RRZE) O Vg BEA~ADHEREIBES LT, T
Tr DIERE L BHMBEOBRICOVWTIE I A+04K
B EN TRV, 22 THRIFETRBER 2 (FIE
B FEe ORE TR L, RO 5K 2 E1L
S, 7p RLE L UM TR (I RIT T BESGRE O
B - oW TKRETL 72,

2. R B F &

A IEEZEREICLIDER L. Zob2E5 8 &
0" Anorew® (2 X B EBR S HKRO 7 Ac, Ac mE%
Table 1 12/R¥. Fig. 1 IC/RT &) ML R
1523K © 30min 3% 1223 K THREZLH L, 3.2
mm EOWRE L. —HoREE 773K, 893K B X Ur
973K TENEN 24 h RIFLIFS L. 2DET5% D

IBAI 624F 10 ARSHEIHERS

ICTHK M 6347 A 11 B3+ (Received July 11, 1988)

* i E SR A RARIMIZEE B (Research Laboratories, Chma Steel Corp.)

*2 S KRB (Graduate School, Kyushu University)

*3 JUMKZETEES 1% (Faculty of Engineering, Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)



WEFROTRE A — 2 7 F 1 PEH B L BMEEE I RIT§ BIEEB 0% 627

Table 1. Chemical compositions of the steel
8)

(wt%) and calculated Ac¢; and Ac; temperatures®.

C Si Mn P S A (K) Az (K)

0.20 1.42 0.98 0.05 0.006 1027 1149

1043 ~ N33K

773~973K

Fig. 1. Schematic illustration of heat-treatments
to produce multiphase structures.
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Photo. 1. Scanning electron micrographs of the steels (a) unpreaged, (b) preaged at 773K, (c) preaged
at 893K, and (d) preaged at 973 K, respectively, for 24 h after hot rolling, and subsequently cold rolled

((e)-(h)).
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Fig. 2. Effect of preaging temperature on the
amount of 7z and mechanical properties in the
steels annealed at 1 073K for 5 min followed by
isothermal holding at 713K for 2 min.
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Fig. 3. Effect of annealing temperature on the
amount of 7r and mechanical properties in the
steels annealed at temperature for 5min followed
by isothermal holding at 713 K for 30s.
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Fig. 4. Effect of annealing time on the amount of
7z and mechanical properties in the steels annealed
at 1 073K for various times followed by isothermal
holding at 713K for 30s.

L. BE MUBIXUBE~EENT Rk pELIZ
AR L, PESLREO LR L L HICHMT 5. Wikt
(1133K) DIF4A, WMHFHAD 7z BZITIZE CEE % 555,



HEFAROTREA — 275 1 MRS L BRI R T BERROPE 629

. 16

N 12L o FP Steel
8 s

s Wb FC Steet —————— -
0 1 | [l { 1

. 800F 0\0

)

2 e

- — \‘\“-

Z 680 -——-*
0T 1 1 | ] ]

T-El.{%)

TS xT-EL/10
(MPa 0/o)

2
Bainitic Transformation Time (min)

Fig. 5. Effect of bainitic transformation time on
the amount of 7g and mechanical properties in the
steels annealed at 1 073K for 5min followed by
isothermal holding at 713 K.
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Table 2. Volume fraction of the phases and grain
size in steels annealed at 1 073 K for 5 min followed
by isothermal holding at 713 K for 2 min.

Steel 70w ST mmen TET G

FP 50 12 29 9 79 4
FC 40 8 22 10 82 5

7 : Austenite just after annealing 7g : Retained austenite Trans. F
: Transformed ferrite B/M : Bainite or martensite Total F: Fer-
rite after final heat-treatment G. S.: Grain size of ferrite
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Fig. 6. Relationship between volume fraction of ¥

just after intercritical annealing and annealing time
in the steels annealed at 1 073 K.
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Fig. 7. Relationship of volume fractions between
Y just after intercritical annealing and 7Yz after
final heat-treatment.
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Photo. 2. Transmission electron micrograph of
FC steel annealed at 1 073K for 15 min followed
by isothermal holding at 713K 30s.
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Fig. 8. True stress and work hardening rate of
the steels during tensile deformation as a function
of true strain. The steels were annealed at 1073
K for 5 min followed by isothermal holding at 713K
for 2 min.
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Fig. 9. Effect of tensile strain on the normalized
amount of Yg in the steels annealed at 1 073K for
15 min followed by isothermal holding at 713K for
30s.
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Photo. 3. Transmission electron micrograph of
FP steel annealed at 1 073 K for 5 min followed by
isothermal holding at 713K for 30 s.
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Photo. 4. Scanning electron micrographs of (a) FP steel and (b) FC steel annealed at

1 073K for 15 min followed by isothermal holding at 713K for 30s.

small 7z in sub-micron size.
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