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High-strength Linepipes with Excellent HAZ Toughness and Defor mability
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Abstract

High strength linepipe is being adopted for transporting oil and natural gasin order to improve
transportation efficiency through high pressure operation and to reduce pipe laying costs. In such high
strength linepipe, excellent low-temperature toughness in the base material, weld metal and heat af-
fected zone (HAZ) aswell as excellent weldability arerequired to arrest arunning shear fractureand to
aprevent brittlefracture, and toimproveinstallation efficiency. Recently, high uniform elongation and
alow yield strength/tensile strength (Y/T) ratio for the linepipe material have been also required to
prevent the ductile fracture by plastic deformation to the pipeline in seismic or permafrost regions. To
improvethe HAZ toughness of linepipe stedl, the refinement of microstructure near aweld fusion lineis
very effectivein that it utilizes the strong retardation of austenite grain growth and/or intragranular
ferrite (IGF) transformed from oxide particlesinside austenite grains and the reduction of carbon con-
tent isalso quite effective. To improve uniform elongation and lower the Y/T ratio, utilizing a dual phase
microstructureis necessary by applying accelerated cooling after controlled rolling. New high strength
UOE linepipe up to X80, called “ Tough-Ace” possessing both excellent HAZ toughness and high uni-
form elongation, has been developed, and the X60 UOE pipe has been mass-produced for the Sakhalin
Project. Two types of X100 UOE linepipe, a“high HAZ toughnesstype” and a “high uniform elongation
type” also have been developed.
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Methods of improving HAZ toughness

1. Refinement of effective grain size for fracture
*Suppression of austenite grain coarsening by fine particles such as TiN
eUtilizatioin of intragranular ferrite (IGF) nucleated from precipitates
such as Ti-oxides

2. Decrease of M-A constituent
*Reductions in C and C.E.
*Reductions in Si and Nb

3. Toughness of matrix
*Nickel addition

(a) TiN steel (b) TiO steel (c) New steel

WM: weld metal, FL: fusion line, y : austenite,
GBF: grain boundary ferrite, FSP: ferrite sideplate,
IGF: intragranular ferrite, By: upper bainite
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Concept of HAZ microstructure control
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Comparison of prior austenite microstructure of Ti-O steel and new

steel, heated at 1,4000 for 60s and quenched
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Comparison of simulated HAZ toughness in single cycle condition
between X60 new steel and conventional Ti-N steel
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Comparison of simulated HAZ toughness in double cycle condition
between X60 new steel and conventional Ti-N steel
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Effect of carbon content on simulated HAZ toughness of X100 linepipe
steel
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Effect of area fraction of ferrite on uniform elongation of X80 linepipe
steel
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| Pretreatment of hot metal |
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| LD converter |

v

| Secondary refining |
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| Continuous casting |
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| Reheating |
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| Rolling |
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| Accelerated cooling |
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| UOE pipe making |
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Manufactureing process of UOE pipe
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Typical chemical compositions of UOE pipe body (mass%o)
Grade C Si Mn P S Nb Ti Others Ceq Pew
X60 005 011 156 0.005 0.002 0.02 0.01 Ni, Cu, Mg 035 015
X80 006 026 181 0.005 0.002 004 001 Ni, Mo, Mg 041 017
X100/ low-C 003 020 196 0.005 0.002 004 001 Ni, Cu, Cr, Mo,V 0.60 0.22
X100/ middle-C 0.06  0.22 1.96 0.007 0.002 0.04 0.01 Ni, Cu, Mo 046 019

Ceq CO Mn /60 (NiO Cu) / 150 (CrO Mo V) / 5

P.wD €O Si /300 (MnO Cud Cr) / 200 Ni /600 Mo / 150 V /100 5B

gobooboobooooooooooo
UOE pipe size and mechanical properties of base material

Grade Pipe size Tensile properties** CVN impact properties BDWTT

Outer ~ Wall Thickness/ Direc- Yield Tensile Elongation Uniform Yield Direc- Test Energy Direc-  Test Shear

diameter thickness diameter  tion*? strength strength elongation ratio  tion*?  temp. tion*2  temp. area

(mm)  (mm) (%) (MPa)  (MPa) (%) (%) (%) @ O @) ®

X60 914 26.1 2.9 L 442 530 55 11.0 83 T 0 394 T 021 100
T 461 553 52 12.0 83 T 050 387 T 046 93

610 30.2 4.9 L 453 533 57 11.0 85 T 0 387 T 027 100

T 450 544 56 12.0 83 T 050 340 T 052 88

X80 610 13.9 2.3 L 567 730 33 11.0 78 T 0 211 T 0 100
T 592 758 33 11.0 78 T 040 200 T 020 94

X100/ low-C 762 19.1 25 L 696 820 20 5.1 85 T 010 212 T 010 96
T 799 856 19 5.0 93 T 030 197 T 020 84

X100 / middle-C 762 14.3 1.9 L 632 785 19 6.7 81 T 010 242 T 010 100
T 694 794 21 7.3 87 T 040 205 T 020 100

1,321 229 1.7 L 632 772 23 7.0 82 T 010 250 T 0 93

T 719 803 24 7.6 90 T 030 222 T 020 82

*1API rectangular specimen for X60 and X80
Round bar specimen for X100
19.1 and 22.9 mm thick pipe: 12.7 mm dia., GL: 50.8 mm
14.3 mm thick pipe: 6.35 mm dia., GL: 31.8 mm
*2 L: longitudinal direction, T: transverse direction
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Optical microstructure of base material at quarter thickness of X60

pipe
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SEM micrograph showing base material of X100 UOE pipe
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Mechanical properties of UOE pipe seam weld

Transverse weld

Grade Pipe size ! h CVN impact properties*?
tensile properties**

Outer Wall Direc- Tensile Test Energy Energy

diameter thickness tion strength Temp. in WM in HAZ
(mm)  (mm) (MPa)  (00) Q) ()
X60 914 26.1 T 560 050 181 250
610 30.2 T 569 050 193 252
X80 610 13.9 T 735 040 150 129
X100/ low-C 762 19.1 T 875 030 112 148
X100/ middle-C 762 14.3 T 782 010 196 141

*1 With reinforcement
*2 Specimen was taken from mid-thickness, average value
Notch position:
WM: weld metal centerline
HAZ: fusion line
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CTOD properties of seam welded joint of X60 UOE pipe
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Hardness distribution across seam welded joint of X100 UOE pipe
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HAZ maximum hardness test result of X100 linepipe steel
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