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Abstract:

O JFE Steel produces a wide variety of steel materials used for the development, transportation and storage of energy. In this
paper, there are introduced, as steel plate products, high strength steel plates for pressure vessels and high toughness steel
plates for marine structures, and introduced further is, new continuous casting-forging technology for manufacturing high-
performance steel materials. In JFE Steel, all types of pipes, such as UOE pipes, electric-welded steel pipes and seamless steel
pipes, are manufactured. Here is especially given explanation of high-performance steel pipes on linepipes, oil country tubular

goods and so forth.
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Table 1 JFE Steel’s 610 N/mm?® class high performance steel plates for pressure vessel

Available WES certification L
Grade | thickness (mm) Feature YIS [WES3001 [WES3009 | WES3003 Applications

JFE-HITEN . . Penstock, tank,
610U2 6=t=75 Excellent weldability, superior toughness, etc. - pressure vessel, efc.
JFE-HITEN Excellent weldability, superior properties of weldments| JIS G3115 | HW490 | HW490Q .
610E 6=r=75 for high-heat input welding, superior toughness, etc. | SPV490 QB CF - Oil storage tank, etc.
JFE-HITEN 6=1=175 Excellent weldability, superior toughness at lower LT490-75 | Tank for low
610U2L == temperature, etc. —50G Q temperature use, etc.

Table 2 Chemical compositions of JFE Steel’s 610 N/ mm’ class high performance steel plates for pressure vessel

(mass%)
Grade C Si Mn P S Others Ceq Pcum
JFE-HITEN610U2 0.09 0.15- 1.00- 0.020 0.010
JFE-HITEN610E max. 0.55 1.60 max. max. Cu, Ni, Cr, Mo : 0.30 max., 0.44 0.20
JFE-HITEN610U2L 0.09 0.15- 1.00- 0.015 0.005 V :0.06 max., Nb : 0.03 max. max. max.
max. 0.55 1.60 max. max.
cf. 0.18 0.15- 1.60 0.030 0.030 Alloying elements other than those 0.45 0.28
JIS G 3115 SPV490 max. 0.75 max. max. max. listed may be added. max. max.
C.= C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
Py = C+Si/30-+Mn/20+Cu/20+Ni/60+Cr/20-+Mo/15+V/10+5B
JFEO DO No.2020030 1100 0 520
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Table 3 Chemical composition of steel plate developed

(mass%)

C Si Mn P S Cu

Ni

*] *

Nb C. Peu? Note

eq

0.07 0.10 1.55 0.005 0.001 0.29

1.09

0.015 0.42 0.18 Ti treated

" Cy=C+Mn/6+(V+Mo+Cr)/5+(Cu+Niy/15

2Py =C+S1/30+ (Mn+Cu+Cr)/20+Ni/60+Mo/15+V/10+5B
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Table 4 Chemical composition of 2.25Cr-1Mo steel
(mass%)
C Si Mn P S Cr Mo
0.14 0.09 0.55 0.007 0.001 243 1.05

—40

| |
12t
C direction

—60

—80

1/4 ¢
C direction

transition temperature, vIrs (°C)

Fracture appearance

—100

S T

10 20 30 40
Reheating time at 1 270°C (h)

Fig.7 Influence of reheating time at forging on vIrs
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Table 5 Mechanical properties of API X100 linepipes

Tensile properties (Transverse direction) Charpy impact properties DWTT
Wall Outside YS TS E Energy  509FATT SA 85%SATT

Grade thickness  diameter Specimen type t 0°C o at 0°C o
(mm) ) P PE L vpa) (MPa) (%) | Mg 0) %) (°0)

12.7 36 API (flattened) | 735 886 23 B B
API X100 Round bar 850 890 19 262 60 100 28
15.1 36 API (flattened) | 734 923 21 3 _ss 100 _10

Round bar 818 901 16

YS :Yield strength, TS : Tensile strength, EI : Elongation,
DWTT : Drop weight tear test,
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50
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30 ‘

Feature of Super-OLAC steel

10

(1) Low C,,— Good weldability
(2) Homogeneous properties
(3) Camber-less after cutting

Feature of Super-OLAC
(1) Ultimate cooling rate
(2) Uniform temperature profile

Cooling rate (K/s)
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Variation of tempera-
ture in plate (K)

Fig.8 Main features of Super-OLAC system
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FATT : Fracture appearance transition temperature,
SATT : Shear area transition temperature
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Table 6 Dimensions and mechanical properties of API X65 and X80 HIPER linepipes

Dimensions Charpy DWTT Girth welded joint
API Grade oD WT DIt (1\31(53) (I\LS,&) Energy at —10°C | 85%SATT TS Charpy energy FATT
(mm) (mm) ™ (°C) (MPa) at —10°C (J) (°C)
X65 711 16 44 468 615 222,265,255 —30 670 169, 149, 147 —56
X80 711 18 40 557 751 236, 246, 250 -30 785 124, 178, 142 —57

OD : Outside diameter,

WT : Wall thickness,

YS :Yield strength, TS : Tensile Strength, DWTT :

Drop Weight tear test,

SATT : Shear area transition temperature,

FATT: Fracture appearance transition temperature.
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Table 7 Available range at 26” ERW pipe mill

Outside diameter 12.75” (323.9 mm) - 26” (660 mm)

(17 wall pipe : 20” (508 mm)- 26” (660 mm))

Wall thickness 0.157” (4.0 mm)- 1.000” (25.4 mm)

Material grade Up to API 5L X80

(17 wall pipe : API 5L X56)
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Fig.14 Calculated maximum collapse pressure for heavy
wall pipe

Photo 2 ERW weld seam of 1.000” thick pipe (Nital etched)
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Table 8 Chemical composition of 13 Cr and HP13Cr
(mass%)
C Si Mn Cr Ni Mo
13Cr 0.20 0.20 0.40 13 0.1 -
HP13Cr-1]| 0.025 0.25 0.45 13 4.0 1.0
HP13Cr-2| 0.025 0.25 0.45 13 5.0 2.0
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Table 9 Chemical composition of two types of weldable 12Cr
seamless line pipe

(mass%)

Material C Cr Ni Mo Cu N
KL-12CR 0.01 11 24 - 0.5 0.01
KL-HP12CR 0.01 12 5.5 2.0 - 0.01
0.1
10%NacCl, 3.0MPaCO,, 80°C

=

e 0.08

g

ﬁé 0.06

£

é 0.04 I

=}

O . _
0.02}— . =

Welded joint Base metal 0.2C—13Cr OCTG

KL—-12CR

Fig.18 COz2 corrosion test results of KI-12CR welded joint
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© Pitting, No SSC
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SsC No SSC
» |

0.1 g

0.01

H2S partial pressure (MPa)

L [ 1

NACEO0177—MethodA
pH adjusted by CH3COONa
Stress : 567MPa

0.000 1 it e

3 35 4 4.5 5 5.5
pH

Fig.19 SSC test results of KL-HP12CR welded joint
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Table10 Grade, size and interference of specimen

Grade Size Interference*
13CR-80 5-1/27%23.0 1b/ft HH | HL | LH | LL
13CR-80 77X29.0 1b/ft HH | HL | L/H| LL
13CR-80 77X35.0 1b/ft HH | HL | L/H| LL

*Thread/Seal
H: High, L: Low

Internal

80% Compression

Pressure

External

API collapse

b 4 :
95%VME

Compression Axial load Tension

Fig.21 Performance of KSBEAR
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oD WT (mm)| 49 5.0 6.0 7.0 8.0 9.0

Range (mm)

S

77 | 177.80-182.00 | *s

o
»
n

7-5/8” | 183.50-199.00 *

8-5/8” | 203.00-221.20 .

9-5/8” | 231.00-252.30 ‘

Available size

10-3/4”] 253.50-277.00 %

11-3/41 297.40-310.50 &

12-3/4| 316.00-331.40 *

13-3/87| 336.40-347.00 *

147 | 348.50-370.0

14-3/4| 374.50-381.00
16” | 400.00-414.80 “’

16-3/4] 423.50-427.50 ‘9.0
OD : Outside diameter, WT : Wall thickness

Fig.22 Available manufacturing size

Photo 3 Vessel for high-pressure gas
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