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Effects of Rolling and Cooling Conditions on Microstructures and
Mechanical Properties of High-Deformable Pipeline Steels

S-l. Lee, B. Hwang'

Department of Materials Science and Engineering, Seoul National University of Science and Technology,
Seoul 139-743, Korea

Abstract Effects of rolling and cooling conditions on microstructures and mechanical properties of high-deform-
able pipeline steels were investigated in this study. Six kinds of pipeline steels were fabricated by varying rolling
and cooling conditions, and their microstructures were analyzed by scanning electron microscopy, electron back-
scattered diffraction, and transmission electron microscopy. Tensile and Charpy impact tests were conducted on
the steels in order to examine the mechanical properties. The steels rolled in the two-phase region showed bet-
ter low-temperature toughness than those in the single-phase region due to the larger amount of ferrites having
high-angle boundaries, although they have lower strength and absorbed energy. The steel rolled in single-phase
and finish-cooled at higher temperature showed a good combination of high strength and good low-temperature
toughness as well as excellent deformability of the lowest yield ratio and the highest uniform elongation because
of the presence of fine ferrite and a mixture of various low-temperature transformation phases.
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Table 1. Rolling and cooling conditions for high-deformable pipeline steels

Rolling condition

Rolled in single-phase region |

Rolled in two-phase region

Reheating temperature (°C)

1150

Start rolling temperature (°C)

1080

Finish rolling temperature (°C)

Above Ar, |

Below Ar,

Rolling reduction in y non-recrystallization
region (%)

>70

Rolling reduction in intercritial (o+7)
region (%)

20

Cooling condition A

B C A B C

Start cooling temperature (°C) Above Ar,;

Below Ar, Above Ary Below Ar,

Finish cooling temperature (°C)

Room temp.|Room temp. 475

Room temp.|Room temp. 420

12.3

Cooling rate (°C/s)

16.9

16.3 10.4 14.8 18.0
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Fig. 1. SEM micrographs of the steels rolled in the single-phase region and two-phase region and cooled with A, B,
and C conditons, shown in Table 1. Nital etched. Microstructure designation; GB (granular bainite), DUB (degenerate
upper bainite), LB (lower bainite), LM (lath martensite).
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Fig. 2. EBSD analysis results showing misorientation boundary of the steels rolled in the single-phase region and
two-phase region and cooled with A, B, and C conditons, shown in Table 1. Equi-axed fine grains with high-angle
boundary indicate polygonal ferrites formed in the two-phase region.
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Fig. 3. TEM micrographs showing polygonal ferrite and mobile dislocation in the steels rolled in the two-phase
region; (a) bright-field TEM image and (b) diffraction patterns corresponding to (a), where grains have a common

<111> ferrite zone axis.
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Fig. 4. Tensile properties of the steels rolled in the single-phase region and two-phase region; (a) yield strength (YS)
and tensile strength (TS), and (b) yield-to-tensile ratio and uniform elongation. Square and circle symbols indicate the
S and T steels rolled in the single-phase region and two-phase region, respectively.

ot} EBSD ¥4 Z¥s HW(Fig. 2), T &2
Bl Uo] E(prior austenite)®] pancake 7|7} 6 ~
15 um Ate|2 Yehdt), gk o g A aH e 229l
HloJUo|Ee} nlEZEIALo|EQ] 37 (packet) 7=
L22HUo|EY pancake T BIHIS}7| ol #|
olgtdS Ealo] QA HUOIES] pancake FAIE =
o]11, Fa A HE (effective grain size)S 7HAA]
o2ZH e Aoz AE e Awe) A
Al BPIAIE 4 dThd, 5.

o Y

32 Q% % &4 5§

£ AFelM Alxe e GAIE AAE Fig.
49 JERSITE AlxE HAE
850 MPa, Q14 =E °F 1.0 GPaZ API(American

Petroleum Institute) 7222 X100 ¥ X120 &
giluto]z7tol| s Act. YAzdol BAIgle] ¥
7127 BE Axd A5 ¥4x1 AR Axd 4
SR A AmE|zz] o] B-8o] &7 wlol 3
B9 Qg ARl wE BT WA c2 Az
H AEE W 5257 =oF GBY #8°] %71
w&ol T2 WZACE AlFFH 7Sl vlsl g
2 91 Pt ik,

SHA a9} FUALES T gRlulo]Z

[e]

bt

o] Ao o] vl T3 AAZ A
=4, dA 50%2 7L AAEL strain-based
(e}

designg 913+ H& FLAAEE QlAE a1 QrH12,
13]. AxE e HIPTS AHRHEFg 4(0h)),
FERl= 0.8 ol3), FLANELE 50% oPFoE W

Y




240 ol
(a) 250 .20
200 - -40
=5
= o
= 1 g C
5 1504 o] o 460
& . o
T e P e e £ S E:I'.i
21004 {80 =2
- £
2 USE DBTT
(=% o .
2 50 Ssteel m O 100
Tsteel @ o
0 120

A B c
Cooling condition

|-

(b) 250 -20
= 2004 {40
o o G
g o
Ls04{ o o 4-60
] o o
I e s Fot B
=]
5 w04 ™ . = 802
g . e
= 504 VE-40 DBTT | | 400
o Ssteel m o
I.E Tsleal @ [s]
0 , ; : 120
A B e

Cooling condition

Fig. 5. Charpy V-notch (CVN) impact properties of the steels rolled in the single-phase region and two-phase region;
(a) upper-shelf energy(USE) and ductile-brittle transition temperature(DBTT), and (b) energy absorbed at —40°C (VE )
and DBTT. Square and circle symbols indicate the S and T steels rolled in the single-phase region and two-phase

region, respectively.
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