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High Strength Steel Plates of 550, 610 MPa Class with Excellent Toughness

Applied for Controlling Technology of Carbide’s Morphology
for Tanks and Pen-Stocks
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Abstract:

JFE Steel has developed 550 and 610 MPa class high strength steel plates with superior toughness and excellent
weldability produced by JFE Steel’s latest on-line heat-treatment technology. Excellent properties of the plates and
their weldments are obtained by micro-alloying technology, and direct-quenching and on-line tempering process
using Super—OLAC® (On-Line Accelerated Cooling) and HOP® (Heat-treatment On-line Process), while including
low C, low weld cracking parameter (Pcv) value and free of B additive. Especially, rapid heating and tempering

using on-line HOP temper process achieved both improvement of toughness and the extension of heat treated high-

performance steel plates’ production capacity. They have actual application results to many plants.
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Fig.3 Uniform dispersion of fine cementite by rapid heating
and tempering
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Fig.4 Precipitation behavior of cementite during
heating process
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Fig.5 Mechanism of uniform dispersion of fine cementite by
rapid heating and tempering
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Table 1 Chemical compositions of the developed steels
(mass%)

Grade Thickness (mm) C Si Mn P S Others Ceq Py
A841B2 16, 38 0.08 0.19 1.34 0.014 0.002 Mo, V, etc. 0.33 0.16
25 0.08 0.20 1.35 0.014 0.002 Mo, V, etc. 0.33 0.16

JFE-HITEN 610U2
40 0.09 0.25 1.46 0.008 0.001 Mo, V, etc. 0.39 0.19
12,22 0.09 0.20 1.36 0.015 0.002 Mo, V, etc. 0.36 0.18

JFE-HITEN 610E

32 0.09 0.20 1.22 0.008 0.002 Mo, V, etc. 0.33 0.17

Cq=C+8i/244+Mn/6+Ni/40+Cr/5+Mo/4+V/14
Py =C+8i/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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5.1

F 2 ASTM A841 Gr.B CL.2D#EARAIMEE
Table 2 Mechanical properties of ASTM A841 Gr.B Cl1.2

) Tensile properties Charpy impact properties
Thick- — —
ness Pc?smon, vs TS El Pgsmon, E ool B o
(mm) | Diree- | \ipa | vpay | o) | P T 0y
tion )| tion
Full- /4, L | 296 278
16 L ihick., | 383 | 069 136 1 g c | 236 | 140
Full- 1/4t,L | 320 263
38 thick., C 522 | 617 |50 1/4t,C | 298 284

A841Gr.B Cl.2 Specification: YS=415, 550=TS=690MPa
yE: On the purchase order, if not specified; (£_4p.c=20J
YS: Yield strength, TS: Tensile strength, El: Elongation

JE: Absorbed energy
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Table 3 Mechanical properties of JFE-HITEN610U2

. Tensile properties Charpy impact properties
Thick- — —
ness Pgsmon, vs s | El Pgsmon, g \E .
(mm) | Direc- (MPa)| (MPa) | (%) Direc- | (Jz)o Clv (J4)0 c
tion )| tion
Full-
; 1/4t, L — 328
25 t(ljnck., 586 | 662 | 43 1/d1, C 7 oy
Full-
H 1/4t, L 337 321
0 tCthk" 564 | 657 | 52 1/4t,C | 331 316

SPV490 Specification: YS=490, 610=TS=740 MPa
E_10:c247 T (L)

YS: Yield strength  TS: Tensile strength  El: Elongation
JE: Absorbed energy
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Table 4 Mechanical properties of JFE-HITEN610E

) Tensile properties Charp y Impact
Thickness properties

(mm) Position, YS TS El | Position, | (£ 5o

Direction | (MPa) | (MPa) | (%) | Direction | (J)

Full-thick., 1/4t, L 288

12 c 642 702 | 26 1/41, C 273

Full-thick., 1/4t, L 309

22 c 613 682 | 41 1/41, C 203

Full-thick., 1/4t, L 311

32 c 567 642 | 44 1/41. C 255

SPV490 Specification: YS=490, 610=TS=740 MPa
E_100c=47J (L)

YS:Yield strength TS: Tensile strength  El: Elongation
JE: Absorbed energy
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Table 5 Mechanical properties of JFE-HITEN610U2’s SMAW

welded joint
Thickness Welding
(mm) Edge preparation Welding conditions
340 N Heat input: 4.1 kJ/mm
40 b $2 LB-62UL (¢5)*
45'1 5 Preheat: None

. S O,
uniE T Inter pass temp: =150°C

Tensile properties Charpy impact properties
PWHT )
TS Fracture Position E-are

(MPa) position )

Weld metal | 124

664 Base metal Y

none 665 Base metal 1/4t | Fusion line | 277

HAZ 313

Weld metal | 143

580°CX2h,| 655 Base metal . .
2 times 653 Base metal I/t | Fusion line | 267
HAZ 278

%6 JFE-HITENG1OE DI L 7 hOHRXT7 — 8% (EGW)

* Supplied by Kobe Steel, Ltd.
TS: Tensile strength £ Absorbed energy HAZ: Heat affected zone

HEF1ERE
Table 6 Mechanical properties of JFE-HITEN610E’'s EGW
welded joints
Thickness Welding
(mm) Edge preparation Welding conditions
Heat input: 8.7 kJ/mm
2 DWS-60G (¢1.6)*
Built-up: 1 side, 1 pass
Preheat: none
Heat input: 6.9, 6.5 kJ/mm
1 DWS-60G (¢1.6)*
Built-up: Both side 1 pass
Preheat: None
) Tensile properties Charpy impact properties
Thickness s v Z
mm racture \ vE—15°C
(mim) (MPa) position Position (@)
Weld metal | 105
22 2;; Base metal | 1/4¢ | Fusion line 121
HAZ 240
Weld metal | 100
628 Base metal T
32 622 Base motal 1/4¢ | Fusion line 173
HAZ 290
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* Supplied by Kobe Steel, Ltd.
TS: Tensile strength £ Absorbed energy HAZ: Heat affected zone

SEH

1)

2)
3)

4)

5)

6)
7)
8)
9)

10)
11)
12)
13)
14)
15)

ANIEHE, MR, EAERITE, SaARM—, BTN, A LER] S
L. RS Y R D A 2002 R SCHE. 2002, p. 303.

MERK, AT, PIEREE. JFE £ 2004, no.5, p. 56.

Abe, T; Yuga, M; Hayashi, K; Nagao, A; Mitao, S; Kajita, Y;
Matsuda, Y; Papers of Seminar on Construction of Petroleum Storage
(in China). 2004, p. 183.

RR®E KKk, ZHREBEAE, RBH%Z, BREER $Thd.
2005, vol. 44, no.2, p.148.

Nagao, A.; Hayashi, K;; Oi, K;; Mitao, S.; Shikanai, N. Materials
Science Forum vol. 539-543, 2007, p. 4720.

MBI HEELE - SIS BRI, 1997

MR, AR, IUAERA. NKK 83t 2002, no. 179, p.57.
ARSI, MEE—Je. JFE Hifit. 2004, no.5, p.8.

Fujibayashi, A.; Hino, Y.; Matsuoka, T; Sugioka, M.; Omata, K.
Papers of Seminar on Construction of Petroleum Storage (in China).
2004, p. 204.

WEHE, MRBRE, BIERE. CAMPAISI). 2002, vol. 15, p. 482.

A HRE, KSR BJLEE 1988, vol. 28, no.4, p.207.
EREE, KMk, =HREEFR. CAMPISI. 2005, vol. 18, p.620.
RR®EWE, Wk, KIHER. CAMP-ISI. 2005, vol. 18, p. 1591
AR, KARM#EE. CAMPISI. 1997, vol. 10, p.1378.

B, SSRGS, ANBEOC B S VAR DY A 1996 GG
A 1996, p. 49.

NI—1, T-REEE, LR ke 1988, vol. 74, no.2, p.342.




