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ABSTRACT The deformation and fracture characteristics of a low carbon Si–Mn steel with fer-
rite/bainite dual–phase structure were investigated by thermo–mechanical controlled process (TMCP).
The results showed that the curves of the instantaneous work–hardening factor n∗ value versus true strain
ε are made up with three stages during uniform plastic deformation: n∗ value is relatively higher at stage
�, decreases slowly with � in stage �, and then decreases quickly with ε in stage �. Compared to
the equiaxed ferrite/bainite dual–phase steel, the quasi–polygonal ferrite/bainite dual–phase steel shows
higher tensile strength and n∗ value in the low strain region. The voids or micro–cracks formed not only at
ferrite–bainite interfaces but also within ferrite grains in the necked region, which can improve the property
of resistance to crack propagation by reducing local stress concentration of the crack tips.

KEY WORDS metallic materials, ferrite/bainite dual–phase steel, uniaxial tension, deformation be-
havior, fracture characteristics
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1 -./0
00# "%�%= (44=?, %)9: C 0.077,

Si 0.56, Mn 1.43, S 0.0027, P 0.0049, N 0.0038. #5

E@"9F9GAH6% 50 kg "6=, 7B8%>

?9 30 mm×100 mm×100 mm "��00:�. #

Gleeble–1500 �;<C@A00 -(@9 2 B/s

3" Ar3 9 735 B, # Thermo–calc =,DAA"

Ae3 9 848 B.

-��(>9:" φ450 mm�C?&+ TMCP

00, 5$;@3-B 1 /EA. @#C@AC8B

(>�,, DFDI(>C"@4'C(CE"+?
JK<(>@!:  &ÆG(>�L9 7–9 s; A&Æ

G(>�L9 2–3 s. EA:DFFG/H(=EF,

;<0IFGF3/"-HMGF3.

>-�"?HNGI22#73, # CMT5105
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Fig.1 Schematic representation of laboratory simu-

lation of TMCP
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# SSX500 629B?<2#73>S")T,  &

?LM?C<8,"D;':7"=:NU.

2 23456
2.1 789/:;9<=>?@

LB 2 5 VA, 1 M' 2 M73"��++F
GH&'('$!( N%. 1 M73/&'(8M

MOM, N"!"MOI)J, FG92*7)&'

(,$!("(L=?K9 30.8%; 2M73/&'(

7R*N .J, $!("(L=?K9 21.2%. B

3 973"NP9B++, 2*7)&'(' .&

'()T=O-B 3a ' 3c /EA. B 3b ' 3d 2

1, 1 M' 2 M73/"$!(HPLK+"-2&

'(+%, &'(-2W!K9 0.5–1 μm, M$=O

%"$!(&'(-2$P"00 "�!'�#.

HB 2 5N, O�F!"4%@00 ++
/&'(")TPF11K"4%. QO�F!

FRT(finish rolling temperature) 9 860B�, FRT "

P Ae3, 00 4)R-S!(Q7678<S!(

(=7678, ��X4):6"++QR')4$
YL,#S, PF&'("4"R3<ZS, QT5

&'("Q�-O�A(>F3/>A".HP 1M

73K&ÆG(>@!Z[, -�"R4F!3, 8

SD";SF346H\, @)R"&'(JM&U

=VP, S4%"!MOI"2*7&'(. Q FRT

]9 770B�, �F4)8%1P4"4)H'".

!5/8, @&'("^8)RT]�, T�, F!F

(@)RR3<T#, )R@$U_?T, -EA"

(>F3/)%OS ."&'( [9].
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Fig.2 Microstructures of experimental steels with different finish rolling temperature. (a) 860 X

(sample 1); (b) 770 X (sample 2)
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1 3 H@�J TEM AW
Fig.3 TEM micrographs of the sample 1, quasi–polygonal ferrite (a) and bainitic ferrite laths (b),

sample 2, equiaxed ferrite(c) and bainitic ferrite laths (d)
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Fig.4 Engineering stress versus strain curves of FB

steel
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Fig.5 True stress and instantaneous n–value versus

true strain curves of FB steel
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Fig.6 Fracture surface of the samples, (a) sample 1, (b) sample 2
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Fig.7 Fracture surface of the samples, (a) sample 1, (b) sample 2
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