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Development of Ultra-High Strength Linepipes with Dual-Phase Microstructure
for High Strain Application

ANl 547 ISHIKAWA Nobuyuki
FEN Mg SHIKANAI Nobuo
blin: 3 L KONDO Joe

JFE AF =)V AF—)VIZEAr  JEAL - JTEEmFZes  BATm7e R GER) - Tl
JFE A F—)V  AF—)VIF5eHT  JEM - TE@IsEisR - Tk
JFE A F—)V V9 H ARSI S e s i i e S R

4=

37 THHERD 2 AR LB 2 TG L CRARREZ AT A2 RmMET A 28 T7ORRBE LT 72, v HEEEH
L& vy, SIS T O BIMIELE - w2050 2 MR BRI 5 2 212k, 7294 b-~A
FA4 b 2HMREEELZEAWMETHY, APIX120 7L — K (APL: 74 ) A AMIHE) O & ZHeE) T
VCE7z, E MEGHBOF V54 HJLE (HOP : Heat Treatment On-ine Process) ®Di#HIZ & - T,
TzTAM-RAFA P 2HMIBETHY ¥ VE—RIZ AV F—Z2 WL L7z, UOE 7utAI2X ) X120
TA VA TERFEREEL, EHELSWVERR L MR L7,

Abstract:

Extensive studies to develop high strength linepipes with higher deformability have been conducted. One of the
key technologies for improving deformability is dual-phase microstructural control. Steel plate with ferrite-bainite
microstructure can be obtained by applying thermo-mechanical controlled processing, TMCP, combined with
controlled rolling and accelerated cooling process. Low-carbon boron-free steels were used to enable the ferrite
formation during cooling after controlled rolling, and the accelerated cooling process with ultimate cooling rate
enabled achieving high strength of up to X120 grade. Heat Treatment On-line Process, “HOP” was also applied
subsequently after accelerated cooling in order to improve Charpy energy of the base material. Trial production of

X120 high deformability linepipe was conducted by applying dual-phase microstructural control.

W 8 TRESNDERRIMET § 5720, X100 7L —F%&
R DERET A 3 TOERLIZH 72D KREHFEE
&OT\/‘%O

1. (FUBIC

RIRA ZMESA 754 2D b= V3 2 RO 7=
W, BEEHOBEAL & B IS RO &
Pl T a A MHIRAS RE R B T A ¥ 34 T T 5 %
RKABZEHIET - TWBE, ZD728, T4 APIX70 B L O
X80 7L —F (APL: 7 AV /1 Aililhes) OERET A v 78
A 7OBPAHHZ THBY, 2002 41213 X100 257 THEM
fbxnzb F72, X120 7L — KD T4 v 54 TOR% D
BAHED N TWE, =), M T T4 ORI BEE
DR LWHIIEANIER L TEB D, FRIC, HFE A #if ol
TR A EANEGER SN D T A VXL FITR L TUE, Mg
B & 5784 TOEIH U TR E R MR 2 &
DOBIENE LX) BT A BREREILELE ST
%o UL, —MRIEGREEALIZ L2 AY N — BRI OV R AR

2007 4F 4 1] 18 A2 A

-26 -

AR DRGREE T A > 734 7 RSB B AE & 0 sdes £
OB I D EGESNTEY, Bl ~XA F 4 MRS E -
THMBE S HHEB LRV EREPEH IR T S,
X100 7' L — F & 2 2 s I LT, BEAMEITET
boHEvFE (B) WML D FEHAA F A MHLERATEH

XNTVBEHY XA F 4 M —HkIE— RSB REAS
BHZENMEE S TWVDE, T4 3 TOEHEIL I

7 UKk OB 2T, WEAHE KBS % 5 2 MR
L5 2 L CITREALREASI 1 LETEREASE £ 5 2 & A%Al
SNTHEY Y, 7254 b -_AFA4 b 2 AHMEkEEHT 2
ZETXI00 7L —FRETORERT A V254 THRES
hTwz 9,

ARTIE, I & BIBRE % WAL T % 7230 O MR
MEMB L, BRI EBEREET S X120 74 >34
FIZOWTHREAT 5o



HEREERLTE 7 4 ¥ 34 T ORI

2. ERREZ A N4 7O 2 HRHERH BT
21 IVOMBICRIETEERHORE

TxTA4 M -RAF A4 b 2HMBEE T LERRY 0L
T A 720121, AR OB LE - G 5% A & <
T Lo 720 2 MHALRRE B 2 19 A L2223 5. Fig. 112
0.08C-0.25Si-1.5Mn-0.04Nb i % > T HEERE T - 72 E LT -
WHIFBNC BT 2 NS HBRIATRE & XA F 4 Ml =R
DB ERT . GHBGIREIX A g (7254 MVERE
BIIGIREE) L OETRLTWS, NEE H B AEIREE AT Ars
WEELL B TIEARA 4 F3Ea3100% DMk L 2> T3
A, G HIBRMGTERE DY Ars IS X DART 55 &, e 0
7294 MBEKRT 5720, BN MikiE7=14 b -
NAFA 2R E 2D, SHEBRESKRT I 2138
NRAFA MFEMETLTWS, IS OHHL O T HE S5
FIERABRIC X B — BT N1 F 4 M rROMR% Fig. 2
WZRT o XA F A MFERHH 50% T D W —FIF O H3 5
LN TW5b,

2 HIRLRESR O 5 [BREF VI AT MR OB L Tid s
BB X OO S e S hTB Y, Lo F4 b
RORBOMIZHE A F A4 MHOT AT ML MVEH &
WA ORI AR R n i O TR L 5D (8%
RIFTIEPMOENT VD, Lo T, Mol &8
WOIEHE - G 2 R & CHIBI L, @8] 7 2 MR &
THIENTA A TOEREIA LOIHIZEbOTE

< 100G osCTaMnND
< -steel !
=} 1
2 80f ;
3 C i
& I ;
2 oof .
= - '
s I !
8 40 !
£ L !
< B |
M 20 I T TN T NN T TN TN I N N S |
—10 —=50 0 50

ACC starting temperature —Ar; (°C)

Fig.1 Effect of accelerated cooling starting temperature on
bainite volume fraction
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Fig.2 Effect of bainite volume fraction on uniform elongation
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Fig.3 Continuous cooling transformation (CCT) diagrams of
(a) Boron free and (b) Boron added steels
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Table 1 Chemical compositions of the steel plates used for

laboratory test
Type C Si Mn | Mo others Pem*
Boron . 0.20—
added 0.05 | 0.10 | 1.9 | 0.30 | Cu, Ni,Nb,V, Ca, B 021
Boron 1.8- | 0.2— . 0.19—
free 0.07 | 0.10 19 |03 Cu, Ni, Nb, V, Ca 022

*Pem = C+Si1/30+(Mn+Cu+Cr)/20+Mo/15+N1/60+V/10+ 5B
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(b) Boron added (Pcm: 0.21)
Photo 1 Microstructure of boron free and boron added steels
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Fig.4 Longitudinal stress-strain curves
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Fig.6 Relation between Y/ T ratio and tensile strength for
bainite steel and ferrite-bainite steels
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Table 2 Chemical compositions of X120 linepipe

(mass%)
C Si Mn Mo Pcm
0.06 0.15 1.91 0.27 others 0.22
* Pem = C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10
+5B
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Table 3 Mechanical properties of trial X120 linepipe

Tensile test Trans-
Pipe Transverse Longitudinal weld
number yg [ rs [y7| Bl | vs | 18 [wr| B [uBl]| TS
(MPa)|(MPa)| (%) | (%) |(MPa) (MPa)| (%) | (%) | (%) |(MPa)
1 906 | 934 | 97 | 18 | 750 | 920 | 82 | 29 | 4.0 | 932
2 840 | 958 | 88 | 19 | 743 | 963 | 77 | 30 | 4.8 | 952

YS: Yield strength, Y/T: Yield ratio
El: Elongation,

TS: Tensile stress,
uEl: Uniform elongation

Charpy test DWTT properties
Pipe vE at —30°C .
number [ Weld SA at 85%
ase HAZ ¢ —20°C(J) | SATT (°C)
metal metal
1 263 119 65 86 91 —25
2 211 77 60 89 83 —22

DWTT: Drop weight tear test
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Fig.9 Longitudinal stress-strain curve of trial X120 linepipe
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Photo 2 SEM micrograph of X120 linepipe
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