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Grade X65 Linepipe with Low Surface Hardness

for Severe Sour Environment
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Abstract:

Grade X65 linepipe steel plate with excellent SSC resistant properties for H2S sour service has been developed.
Optimized alloy design and controlled rolling conditions and the cooling process using Super—OLACTM-A (On-Line
Accelerated Cooling) are applied to achieve a high strength and high toughness steel with uniform low surface
hardness. By improving cooling uniformity as well as surface cooling rate control, homogeneous granular bainite
microstructure is obtained, resulting in stable low surface hardness. UOE pipes using the developed steel plates

achieved superior SSC resistant properties in the small scale four-point bend (4PB) test and full ring test even in 16bar

HsS high pressure conditions.
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Fig.1 Schematic illustration of cooling curve in steel plate
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Fig.2 Schematic illustration of CCT diagram of X65 sour
linepipe steel
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Fig.3 Typical surface microstructure of (a) lath bainite and
(b) granular bainite
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Fig.4 Relationship between surface cooling rate and maximum
surface hardness in grade X65 steel plate
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Fig.5 Effect of surface cooling rate on surface microstructure
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Fig. 6 Surface hardness distribution in three different cooling
rates of steel pipe
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Table 1 Four-point bend test conditions

Test solution pH Partial pressure (bar) | Dyration
(NACE TMO0177) (Ini. /Fin.) | H,S CO» (hr)
Solution A
(5.0 wt%NaCl 2'6/2002'8 8 5 720
+ 0.5 wt%CH3COOH) ’ 16 5
Solution B 0.07 0.93
(5.0 wt%NaCl 3.4t03.6

+ 2.5 wt%CH3COOH /4.0 0.1 0.9 720
+ 0.41 wt”%CH3COONa) 0.13 0.87
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Fig. 7 Schematic illustration of four-point bend loading jig
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Fig. 8 Effect of H2S partial pressure and surface hardness on
SSC by four-point bend test
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Table 2 Test solution and HsS pressure condition
Test solution pH Partial pressure (bar) | Dyration
(NACE TMO0177) (Ini. /Fin.) | H,S CO, (hr)
Solution A 1 -
(5.0 wt”%NaCl 2‘6/2002‘8 720
+ 0.5 wt%CH3COOH) : 16 5

SSC evaluation
Target area
/’ \

e

1 Bolts

2 Threaded block 6 Pipe sample

3 Clearance hole
4 Strain gauges

X9

7 Load distribution block

5 Location of maximum tensile strength
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Fig.9 Schematic illustration of full ring SSC test
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Table 3 Full ring SSC test matrix

Steel C;)toslli;%arczte HV0.1 max. Sppec Strfzsthl:)s
(“Clsec) at 0.25 mmt | | par H,S . bzrr CZO2
Al, A2 <50 234 360 360
B <50 243 465 -
C >200 293 458 -
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Table 4 Full ring SSC test results

: Test result
Steel Cz(l)tosl:ﬁ%arcite HVO.1 max. 16 bar H-S
. at 0.25 mmt ar Ho
(‘Clsec) TbarHoS | s o cos
Al, A2 <50 234 No SSC No SSC
B <50 243 No SSC -
C >200 293 SSC -

(b)
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Fig. 10 Test pipe Al after full ring SSC test at 1 bar H,S
((a) Pipe inner surface of target area (b)
Micrograph of pipe inner surface)

(b)

FigweS  MSO0A4S .- Location AT posttest
Exchant Nesl
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Fig. 11 Test pipe A2 after full ring SSC test at 16 bar HzS
((a) Pipe inner surface of target area (b)
Micrograph of pipe inner surface)

JFE %R No. 46 (2020 £ 8 )

12 1\« 7 BEHBREONRS LURKE S 7 DA

Fig. 12 Test pipe B after full ring SSC test at 1 bar H2S
((a) Pipe inner surface of target area (b)
Micrograph of pipe inner surface)
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Fig. 13 Test pipe C after full ring SSC test at 1 bar H2S
((a) Pipe inner surface of target area (b)
Micrograph of pipe inner surface)
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Table 5 Mechanical properties of developed UOE pipes

Tensile properties* Charpy DWTT"
Steel Thickness (mm) | OD (mm AsUOE Aged vE (J) at =30°C 0
(mm) (mm) g YS (MPa) | TS (MPa) | EL (%) 0 Sé (AJ)
BM | WM | HAZ | at—10°C
AsUOE 519 593 56 476 197 132 100
Developed 30 711.2
Aged 531 625 54 470 193 485 -
Specification of IOGP (tentative) > 450 > 535 >24 > 40 > 85
. . HVO0.1 max. at 0.25 mm
Steel Thickness (mm) | OD (mm) | AsUOE Aged 4PB SSC Test
BM WM HAZ
AsUOE 217 241 231
Developed 30 711.2 No SSC
Aged 237 237 242
Specification of IOGP (tentative) <245 No SSC
*: API rectangular specimen, transverse direction
.., 19 mm reduced thickness specimen
Simulated coating heat treatment (250°C X 1 hr)
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