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Development of Ultra High-strength Linepipe X120
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Abstract

Natural gasisincreasingly and greatly important and cost reduction of long distancetransportation is
essential. High operating pressure and/or small diameter/ thin wall linepipes are a means to reduce
transmission costs of long distance pipelines. For these challenges, high strength linepipesarerequired.
Nippon Steel has developed an ultra high-strength grade of lar ge diameter linepipe, X120 that far ex-
ceedsthe conventional grades of X65 and X80 in cooper ation with ExxonM obil, the wor Id-biggest major
0il& gas company. X120 requires much higher manufacturing technology compared with X65 and X80
and research and development was systematically performed in thefields of material design, steel mak-
ing, casting, plate production and pipe production (UOE forming and seam welding). The both parties
completed the pipe development including small scale commercial production and the evaluation of
pipe performance as a linepipe and conducted comprehensive development for pipeline installation
such asgirth welding technology in afield. Now the commercializing of X120 is confirmed to be possible.
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Targets of X120 development

Seam weld & HAZ
TSO 931MPa (135ksi)

Property

Tensile strength (TS)
(circumferential)

Base pipe

YSO 827MPa (120ksi)
TSO 931MPa (135ksi)

CVN energyld 0 3000 | 00231 [184J
CTODO [0 200 0J0.14mm [0 0.08mm
DBTT of CVN 000500

B-DWTT SAO O 200 | O 75%

PLOAPIDDOOOX8oDOOOO005% 000000000000 0000D0
Jo00o0o0o0ooobooooendorwooooooooooonoo
Jo0oo0o0o0o0oo0oooboO0o0o00o0o0oo0ooooX12o
goo2wboOooooooooooa

o710

3. 0O0O0OO0oooo

31 00000
gXxoooooooooooooooooboobooooooog
gboooboboooooobooboobbooboouobououooboog
gooobooooooobooboobboobboouobooooboog
gooo0oo0o0oo0oob0oooboboOobo0obboOouoboDUoooog
gboooboboooooobooboobbooboouobououooboog
gooobooooooobooboobboobboouobooooboog
gooooooob0ob0ooooobobooboowecmoobog
gobobooocoboobobooooobobboooobobog
gooobooooooobooboobboobboouobooooboog
gooooooo
gbooobooooooobooboobbooboouoboouooboog
goooobobooobocoooboooobbooobooomoog
gopo3p0doOocCcvNOD120000obooobooobobg
goooobbooobooooooobbooobboooboocevNd
gooboobooobooobooobooobobooboobooobog
MAJ Martensite Austenite constituentt ] 0 0 0 0000000000
gooooboooooooooobboooevNDODOooboogo
goooboooooOoobooobooobooboOoboboouoboog
0O 1D@! Interrupted Direct Quench(D 0 0 00000000000 d
gobooboooboooboooboooobuoobobobuooobg
gomoQuiboooboboon
gobooooobooomB@boBOOOdOoOoODOOoOooOoOg
gooboooobobooooboooosbboboobooboO
gooobooooooobooboobboOobooobooooboog
goboooopoooBOobOU0OOoODOoODObOOODODODODbDOO
oooooooBOoOOOUOOONODOODOODOOOOOTIOO
gooBoOobOO0oO0OoOOobDOoOobooOoobOoooOmog
oo oo00000000000000000000O0O0000

000 cvNOOOOOUOOooDOooOooMmooOoboUoom o0
OJOOCVNO M (A)DODDDODODODMmMe30M@58IO0B)I O OO
000 b330 (167

Effect of microstructure on CVN value (microstructure, IDQ stop tem-

perature, CVN value at 0 400 ) (A)Lower bainite, 4530, 258J, (B)

Upper bainite, 5330 , 167J

00000000000 38000020040



goooooooooXizo0o00O

A
Slab heating
5
= Rough rolling
&
g
= Controlled :
rolling / I',\X;ater
/¢ cooling
\ IDQ stop
P o——— temperature
Surface’/‘*'«.,h_",.v """"
Time /process
goomobeUuiooooon
Schematic illustration of IDQ process
350 | =>d31MPa_ ‘
Lo B-steel final condition
300 o (W g ) -
= 250 .
(]
o
<
O 200
©
B
c 150 -
c
() !
z o | |
o 100 L QL ;
N B-steel
50 B B-steel Improved
1 B-steel
o B-free
m  B-steel Final
0 T : ! |
900 950 1000 1050 1100 1150

Tensile strength (MPa)

goooopooocevNODOOOOoooooooooooo
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Relationship between C content and tensile strength for high
strength linepipe
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Cold cracking sensitivity of girth weld - Results of y-groove weld
cracking test
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c : : . LR
i ® ; . O . c Mn Mo Ti B Pcm
€ 50 SR S SR N et
o . hd ¥ ) Plate 0.041 | 1.93 | 0.32 | 0.020 | 0.0012| Others| 0.21
: L]
3 | 0.036 | 1.96 | 0.34 | 0.017 | 0.0012 | Others| 0.21
0 i I I I i
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Relationship between tensile strength and CVN value of sub-merged Iw 0.05 0.18 169 26 0.98 11 0.32
arc weldmetal OW: Outside weld, IW: Inside weld
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Examples of mechanical properties of pipes
Tensile test*? Trans- Charpy V-notch B-DWTT
Circumferential Longitudinal weld J (average of 3 specimens) Shear Area (%)
YS TS EI*2 | YS/TS| YS TS El YS/TS| TS Base | Weld | FL+ FL+ Base
(MPa) | (MPa) | (%) (%) | (MPa) | (MPa) | (%) (%) | (MPa) metal | metal | Imm*3 | 2mm*® metal
Pipe1 | 897 974 25 92 905 938 27 96 941 00 287 200 228 249 00 64, 65
0300 | 287 178 126 172 | 0200 | 62,59
Pipe2 | 920 1,017 24 90 911 981 23 93 988 (o]m| 287 172 156 226 (o] 88, 81
0300 | 290 167 43 106 | 0200 | 90, 79

*1 API strap specimen, *? Elongation, *3 Distance from the intersection of the SAW
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Distribution of YS and TS for pipes manufactured in a small scale
commercial production
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