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SEM TEM X (EDXY)

1 700 MPa (ws/ %)
Table 1 Chemical composition of a 700 MPa grade bainitic

steel

C Si Mn P S Al B
<0.06 <0.55 1.00~ 1. 60 <0.025  <0.025 <0.045 <0.003
Cr Nb Ti Mo Ni %

<0.60  <0.06 <0.20 <0.40 <100 <0. 10

2
2.1 700 MPa CCT
700 M Pa CCT JM atPro
(
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: @O 605 C
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Fig. 1 Calculated CCT curves of a 700 MPa grade bainitic

steel
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(GB),

Fig. 2 Optical micrographs of an as rolled 36 nmr thick
plate
(AF) / (M A)
. (PF) .
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5 36mm 1/ 4
pered 36 mmr thick plate

" ULCB

(b)36 mm 1/ 4 ( ) ,
3 36 mm 1/4 SEM
Fig. 3 SEM microstructures of the 1/ 4 thickness in an as
rolled 36 mnr thick plate ( 6 )
4 36 mm 174 ’
5 36 mm 1/4 ’ ULCB
SEM 4 5 , 700 M Pa uLCB ’

550 C ’

Fig. 4 Optical micrographs of the 1/ 4 thickness in an as

e 10 M) e

SEM

Fig. 5 SEM micrographs of the 1/4 thickness in an as tenr
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6 36mm /4 TEM
Fig. 6 A TEM microstructure of 1/ 4 thickness in an as ayNb Ti CN C )
rolled 36 mmr thick plate '
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Fig. 7 TEM micrographs of precipitate morphology of the
1/4 thickness in an as rolled 36 mnr thick plate
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Fig. 9 Schematic illustration showing formation mechanism

of a fine mixed microstructure of intragranular ferrite and
bainite
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Grain refinement mechanism of a 700 MPa
ultralow carbon bainite heavy plate steel

Xia Zhenghai', Cao Zhigiang', LuoDeng', Zhang Yongdong', LiuK ai’, Wu K aiming’

(1.Research and Development Center, Xiangtan Iron and Steel Co., Ltd.,
Hunan Valin Group, Xiangtan 411101, China; 2. Hubei Provincial Key Laboratory for Systems Science
on Metallurgical Processing, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: A fine grained bainite microstructure was obtained by means of an ultralow carbon and mt
croalloyed steel design in conjunction with thermomechanical controlled process (TM CP). The micro-
structure and precipitates were investigated by Olympus optical microscope, field emission scanning e
lectron microscope ( FE- SEM) and transmission electron microscope (T EM). The results show that
the mixed microstructure of granular bainite and a small amount of acicular ferrite and polygonal fer
rite is observed in a 700 M Pa ultralow carbon bainite microalloyed heavy plate steel. The yield
strength and tensile strength of the plate is larger than those of 580 MPa and 700 M Pa, respectively.
The impact toughness Ak is larger than 150 J at — 20 C. The plate has a good combination of high
strength, good toughness and weldability. The good matching of high strength and good toughness
should be attributed to the fine grained mixed microstructure consisting of granular bainite and acicu-
lar ferrite. The acicular ferrite, formed prior to granular bainite transformation, has effectively divid-
ed the austenite into many small regions, and consequently granular bainite transformed at lower tem-
peratures is restricted in the small regions, which explains the microstructure refinement.

Key words: ultralow carbon steel; bainite; acicular ferrite; heavy plate; microstructure refinement



