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High Performance Steel Plates for Tanks and Pressure Vessels
—High Strength Steel Plates with Excellent Weldability and Superior Toughness
for Energy Industry—
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Abstract:

JFE Steel has developed a series of high performance 610 MPa class HSLA steel plates with excellent weldability (consisting
of JFE-HITEN610U2 with high weldability, JFE-HITEN610U2L for low temperature use and JFE-HITEN610E for high heat
input welding). Excellent properties of the plates and their weldments are brought about by the microalloying technology and
a direct-quenching and tempering process using Super-OLAC (on-line accelerated cooling), while including low C content, low
Pcy value and free of B additive. JFE Steel has also developed a process for manufacturing heavy section steel plates with
excellent internal qualities by effecting forging and plate rolling processes using continuous-cast slabs. Excellent internal
properties can be obtained in the manufacture of heavy section SQV2B and 200 mm thick plates. They have actual application
results to many plants.
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Fig.2 Decrease of preheat temperature to avoid weld cracking
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Fig.3 Improvement of HAZ hardening in hardness distribution

of the developed steel by suppression of C content and
Pcy

Table 1 JFE Steel’s high performance 610 MPa class steel plate series for pressure vessel use

Grade Thickness, ¢ (mm) Feature Typical application
JFE-HITEN610U2 6-75 Excellent weldability Tank, Penstock
Superior toughness
JFE-HITEN610U2L 6-75 Excell.ent weldability Spherical tank for low temperature use
Superior toughness at low temperature
JFE-HITEN610E 6-75 Excellent weldability . | il storage tank
Superior properties for high heat input welding

Suppression of C and P
(C =0.09%, P, = 0.20%)

CM =

Decrease of maximum
hardness in HAZ

Decrease of susceptibility
to weld cracking

JFE-HITENGI0U2 ]

Suppression of c., Controlling microstructure

with excellent weldability

of base metal

Utilization of microalloying Controlling microstructure

Improvement of toughness
of base metal and weldment

JFE-HITEN610U2L
for low temperature use

of CG-HAZ for high-heat
input welding

and optimization of
chemical composition

Suppression of inclusions
and purification of
base metal

Suppression of impurities |—

Improvement in toughness of
HAZ, strength of welded joint
for high-heat input welding

JFE-HITEN610E
for high-heat input welding

Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14, P,

o = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B, CG-HAZ : Coarse grain HAZ

Fig.1 Alloy design concept of JFE Steel’s high performance 610 MPa class steel plate series
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Photo 1 Microstructure of simulated CG-HAZ for high heat
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Table 2 Chemical compositions of the developed steels
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Fig.5 Improvement of HAZ softening in hardness distribution
for high heat input welding by utilization of micro-alloying
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Fig.6 Applicable design temperature and heat-input limits of
the developed steels
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(mass%)
Grade Thickness, ¢ (mm) C Si Mn P S Others Ceq Py
38 0.08 021 1.34 0.006 0.001 |Mo,V, etc. 0.33 0.17
JFE-HITEN610U2
75 0.08 026 1.44 0.005 0.002 | Mo, V, etc. 0.39 0.18
JFE-HITEN610U2L 50 0.07 020 132 0.007 0.001 |Cu, Ni, Cr, Mo, V, etc. 0.41 0.19
22 0.09 020 1.37 0.010 0.002 | Mo, V, etc. 0.35 0.18
JFE-HITEN610E
45 0.09 020 1.37 0.010 0.002 | Mo, V, etc. 0.35 0.18
JFE Specification 675 0.09 0.15- 1.00- 0.020 0.010 | Cu, Ni, Cr, Mo : 0.30 max., 0.44 0.20
610U2, U2L, E max. 0.55 1.60 max. max. |V :0.06 max., Nb: 0.03 max. max. max.
— 1 b *
1IS G 3115 SPV490 675 0.18 0.15- 1.60 0.030 0.030 Alloylr.lg elements other than 0.45 0.28
max. 0.75 max. max. max. |those listed may be added. max. max.
Ceq = 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
*50 <t=75mm: Cy: 0.47 max., Poy : 0.30 max.
JFEOO No.5 20040 80L L 58 U
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Table 4 Mechanical properties of JFE-HITEN610U2’s SAW welded joints

Tensile properties Charpy impact properties
Thickness, 7 (mm) Welding condition E T.
TS (MPa) | Fracture position Position vEoLse) Vs
) | O
Welding consumabl : US-40 (¢4.0)*/MF-38* 70% WM 68 | —32
Preheat : None 38

75 Inter pass temperature : =150°C 4 630 HAZ-BM € t FL 117 | —42

Heat input : 4.6 kJ/mm 33 4
PWHT : None 70° HAZ 225 | =59

* Supplied by Kobe Steel, Ltd.

Table 3 Mechanical properties of JFE-HITEN610U2

Thick- ) ) Tensile properties | Charpy impact properties
Posi- | Direc-

ness, tion | tion YS TS El |vE_poc vE 25¢c vTs
(mm) (MPa) (MPa) (%) | () ()  (°O)
L 541 633 32 | 332 344 67

38 l/at C 547 637 31 318 326 —63
L 531 621 33 313 334 —o64

5 V/at C 531 624 31 267 237 57

SPV490 Specification : YS = 490, 610 = TS = 740 MPa, yE_po.c =47 J (L)
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Fig.7 Maximum hardness of JFE-HITEN610U2
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Table 5 Mechanical properties of JFE-HITEN610U2L

Thick- ) Tensile properties | Charpy impact properties
PWHT Direc-

ness, ¢ tion YS TS Bl |VE spoc vTs T

(mm) (MPa) (MPa) (%) | () (°C) (°C)

B L 569 659 29 278 =71 =75

0 C 567 660 28 | 238 —67 -T2

580°C L 558 652 30 | 243 —65 -—71

2hx2| C 569 660 28 198 —55 —68

Position : 1/4¢

Table 6 Mechanical properties of JFE-HITEN610U2L's SMAW welded joint

Tensile properties Charpy impact properties
Thickness, ¢ (mm) Welding condition TS (MPa) Fracture Position VE_soc| vTs | vTe
position ) (°C) | (°C)
LB-62L (¢5)* 60° — WM 133 | —63 | —58
Heat input = 2.3 kJ/mm 3 30 676 WM
50 Preheat : None FL 183 | —63 | —64
Inter pass temp : =150°C izo 681 WM
PWHT : 580°C X 2 h X 2 times 70° HAZ 208 | —62 | —74
* Supplied by Kobe Steel, Ltd.
U 59 U JFEO DO No.5 20040 80 (
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Table 7 Mechanical properties of JFE-HITEN610E

) . o Tensile properties Charpy impact properties
Thickness, # (mm) | Position | Direction
YS (MPa) TS (MPa)  El(%) | vE 1s:c (J) vE 300c () vT5 (°C)

2 Full L 605 678 42 - - -
thickness C 605 677 40 358 350 <—48

Full L 539 638 55 - - -

45 thickness C 538 640 53 - - -

L4t L 526 624 30 - - -
C 528 621 30 347 326 —48

Table 8 Mechanical properties of JFE-HITEN610E’s EGW welded joints

Thickn (cm) Weldi dit Tensile properties Charpy impact properties
ickness, ¢ (mm elding condition
£ TS (MPa) | Fracture position | Position vE 15oc(J)
DWS-60G (¢1.6)* 33° 620 HAZ WM 69
Heat input = 8.0 kJ/mm
2 Built-up : 1 side 1 pass 5 !Gap =4 623 HAZ FL 159
Preheat : None HAZ 254
DWS-60G (¢1.6)* T\ 40 [ (Final) WM 56
Heat input = 9.3, 8.5 kJ/mm 22 639 HAZ
45 Built-up : Both side 1 pass - Gap = 4 FL 129
Preheat : None 212 P 642 HAZ
b [ g00\_(Back) HAZ 248

* Supplied by Kobe Steel, Ltd.
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Photo 3 Forging reduction in thicknesswise of continuous
casting slab
Table 9 Chemical compositions of SQV2B

00000000000000000000000000 (mass?)
10000000000000000000000000 C s Mn P 8§ N G Mo
0000000000000 0000000000¢ 0.17 0.25 1.44 0.005 0.001 0.66 0.13 0.55

Table 10 Mechanical properties of SQV2B

) o Tensile properties Charpy impact properties
Thickness, ¢ (mm) Position (1/4W)
YS (MPa) TS (MPa) EL(%)  RA (%) |vE 1 )] vE sy ()] vT5 (°0)
T 1/4¢ 533 664 26 80 266 265 —62
2 op 12t 519 653 24 79 253 227 -5l
Bottom 1/4¢ 547 678 27 81 260 237 —67
1/2¢ 515 641 25 80 265 262 —60
Specification (1/4¢, C) =485 620-790 =16 - Aiming : yE_yoc = 47 -

Plate size : 120 X 4 160 X 4 570, PWHT : 615°C X 15 h, Direction : C

Table 11 Through-thickness tensile test results of SQV2B

Tensile properties
YS (MPa) TS (MPa)  El (%) RA (%)
1/4t 520 647 22 69

120 Bottom Z 615°C X 15h
1/2¢ 524 651 22 69

Thickness, ¢ (mm) Position (1/4W) Direction PWHT

Table 12 Impact and drop weight properties of SQV2B

) o ) i o Charpy impact properties DWT
Pre-strain (Direction) Aging Position (1/4W) | Direction
vE 1oc (1) vE 23 (1) vT5 (°C) | Thpr (°C)

1/4¢ 274 277 —64 —38

2.5% (L) EEe—
1/2¢ 276 267 —60 —33

250°C X Th| Top [——— C

1/4¢ 269 259 <-170 —33

2.5% (C) ]
1/2¢ 255 218 -6l —33

PWHT : 615°C X 15h

o 61 u JFEO O No.5 20040 80L
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Table 14 Mechanical properties of HT610moderate

. o o Tensile properties Charpy impact properties
Thickness, ¢ (mm) Position (1/2W) Direction

YS (MPa) TS (MPa) El(%)  RA (%) | vEpc () vE ¢ )

" L 583 687 22 72 145 137

168 C 583 689 22 71 167 95

121 L 572 681 21 71 193 132

C 577 687 22 67 101 96

Top

L4t L 566 671 23 72 204 152

208 C 564 670 23 70 145 114

2 L 554 665 20 73 190 142

C 555 670 20 70 110 98

Aiming =530 =640 =16 - =30 -

PWHT : 560°C X 8 h, G.L. of tensile test specimen : 5.65VA4
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Fig.8 Static fracture toughness properties of SQV2B
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Fig.9 Crack arrest fracture toughness properties of SQV2B
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Table 13 Chemical composition of HT610modified

(mass%)

C Si Mn P S
0.14 024 144 0.009 0.001

Others
Cu, Ni, Cr, Mo, V, Ca

Table 15 Through-thickness tensile test results of

HT610modified
Thickness, .. L TS RA
 (mm) Position (1/2W) | Direction | PWHT (MPa) | (%)
1/4¢ 689 69
o8 12 675 64
1t o
Top 7 560°C

1/4¢ X 8h 672 70

208
1/2t 672 68
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