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Heat Treatment Steel Plates with Heavy Section and Large Product Weight
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Abstract:

Recently, the demand for extra heavy plates (i.e., is thicker, wider, and/or longer plates), thinner plates with high
tensile strength, and plates with high toughness property in low temperature is increasing to accommodate the trend
of larger plant structures, to cut installation cost by reducing weld line and to improve the reliability of the plant itself.
JFE Steel has started operating a new production line that consists of a batch-type heat treatment furnace and water
dip tank, in which higher temperature heating is available. By taking advantage of these newly constructed facilities,
JFE Steel is capable of manufacturing a quenched and tempered steel plate with improved material properties, which
is approximately twice as much weight as former products. By using an ingot casting process in West Japan Works
(Kurashiki District) of JFE Steel has capability of manufacturing a large ingot of 120 t and forging press of 6 000 t
capacity. JFE Steel manufactures heat-treated steel plates with heavy section and large weight by the optimum
combination of these processes with a number of actual plant applications and steadily respond to the demands in the

energy field, which would continue to expand.
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Table 1 Capacity of main equipment

Equipment Capacity
Capacity: 150 t
Batch type Man. 1 050°C
heat treating furnace Effective height: 400 mm
Quenching pit Dipping type
Surface grinder Max. 4507mm
& Rough and fine whetstone
Flame cutter Max. 4007mm
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Fig.1 Relation between cooling rate and plate thickness of
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Photo 1 Forged slab using ingot (Removed surface scale)
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Table 2 Chemical composition of SQV2A steel plate
(mass%)
C Si Mn P S Ni Mo Others Ceq 4G
0.18 0.25 1.43 0.003 0.0011 0.66 0.51 Cr,N 0.591 -0.21

Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
AG=Cr+33Mo+8.1V -2
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Table 3 Mechanical properties of SQV2A steel plate

Forged slab| Product Di Tensile test Charpy impact test| Fracture toughness test
. . . . ire- .
dimension | dimension | PWHT ction Position YS TS El RA | RAz |vE-23 | vE-a0| vTis | Tnor |Pre-Strain (5.1%)
(mm) (mm) (MPa)| (MPa) | (%) | (%) | (%) | () | () | (°C) | (°C) |Ageing Txor(*C)
1/4¢ | 479 618 27 73 5| — | — | — | — —
Top
1/2¢ | 494 637 25 72 62 | — | — | — | — —
B 1/4¢t | 491 628 28 75 — | = = | — | — —
ottom
320x 130x 1/2¢t | 485 623 28 73 — | — | — | — | — —
3 600x 4 650x C
4250 6 500 Top 1/4t | 466 605 27 73 64 | 148 | 113 | -31 | —33 =33
625°C 12t | 471 619 28 72 61 | 139 | 82 | —26 | —33 —28
x30h 14t | 466 | 607 | 28 | 74 | — | — | — | — | — —
Bottom
172t | 466 608 29 74 — | — | — | — | — —
Specification (1/4z, C) >345 1550690 =18 | — | — | >40 | — | — <12

PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation RA: Reduction of area
RA: Reduction of area in through thickness tensile test (Z direction) E_»3: Absorbed energy at —23°C
E_4o: Absorbed energy at —40°C vTts: Charpy fracture appearance transition temperature Tnpr: Nil-ductility transition temperature
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Table 4 Elevated temperature tensile property of SQV2A steel

plate
Test Di Posi Elevated temperature tension test
temperature | PWHT 1re- | rost- Ys TS El RA
° ction | tion
°O) (MPa) | (MPa) | (%) | (%)
14t | 443 | 573 | 22 | 73 A e 2 & g ;
100 12¢ | 437 | 565 | 21 73 Top side (1/47) Top side (1/27)
200 1/4t | 410 | 553 22 74 TE) SQVABDS 4O
1/2 41 4 21 2 .
— 2 0 >3 ! Photo 2 Microstructure of SQV2A steel plate
291 625°C c 1/4t | 417 572 22 73
%30 h 12¢ | 418 | 573 | 21 72
360 1/4¢ | 403 | 557 24 79
1/2¢ | 399 | 550 25 77
15 1/4t | 381 | 497 25 82
172t | 379 490 24 80
Specification (360°C, 1/4t, C) >298 | >485 | — —

PWHT: Post weld heat treatment ~ YS: Yield strength
TS: Tensile strength  El: Elongation RA: Reduction area
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Photo 3 Results of bend test and side bend test
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Table 5 Chemical composition of SA-542 Type D-4a steel plate

BN

InNH

[Pk DBR &) Ca %

(mass%)
C Si Mn P S Cr Mo v Nb Others J-factor (%) | x-bar (ppm)
0.14 0.04 0.55 0.009 0.0010 241 1.07 0.322 0.031 | Cu,Ni, Ti,B 56.7 9.8
J-factor = (Si + Mn) (P + Sn) x10*
x-bar = (10P + 5Sb + 4Sn + As) x1072
%6 2.25Cr-1Mo-VERD MR R4
Table 6 Mechanical properties of SA-542 Type D-4a steel plate
Forged slab Product Tensile test Charpy impact test
dimension | dimension | PWHT | Direction Position YS TS El RA RA, E o Eos
(mm) (mm) (MPa) | (MPa) (%) (%) (%) ) Q)
1/4t 597 710 26 77 68 — —
Top
1/2t 608 721 25 75 68 — —
1/4t 585 699 25 77 — — —
Bottom
1/2t 597 710 25 76 — — —
T 1/4t 570 688 25 78 70 192 121
0
385x 210 | oeon P 12t | 581 702 24 76 69 87 51
2 145x 3200x% C
5070 5100 x7h 1/4t | 565 683 25 78 — — —
Bottom
1/2¢t 568 692 25 76 — — —
T 1/4t 503 633 27 76 69 213 73
0
712°C P 1/2t 516 644 26 75 66 153 96
*x34h Ve | 502 633 26 78 — — —
Bottom
1/2¢ 512 645 25 77 — — —
Specification (1/4¢ and 1/2¢, C) >415 |585-760| =>18 — — >55 —
PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation RA: Reduction of area
RA,: Reduction of area in through thickness tensile test (Z direction)
JE_»9: Absorbed energy at —29°C JE_so: Absorbed energy at —50°C
&7 225Cr-1Mo-VEllD & R ER T
Table 7 Elevated temperature tensile property of SA-542 Type D-4a steel plate
Test Elevated temp.tension test
temperature PWHT Direction Position YS TS El RA
°0) (MPa) (MPa) (%) (%)
370 435 529 20 72
435 424 506 21 75
712°Cx34 h C 1/2¢
454 421 497 21 76
482 411 479 22 76
Specification (454°C, 1/2¢, C) >338 >453 — —

PWHT: Post weld heat treatment YS: Yield strength TS: Tens

ile strength

57 —

El: Elongation

RA: Reduction of area
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Table 8 Chemical composition of SA-387 GR. 11-2 steel plate

(mass%)
C Si Mn P S Cr Mo Other J-factor (%) x-bar (ppm)
0.15 0.58 0.60 0.006 0.0007 1.42 0.61 Ni 75.5 6.7
J-factor = (Si + Mn) (P + Sn) x10*
x-bar = (10P + 5Sb + 4Sn + As) x102
JFE £ No. 29 (2012 4F 2 H) — 58 —
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Table 9 Mechanical properties of SA-387 GR. 11-2 steel plate
Rolled slab Product Tensile test Charpy impact test
dimension | dimension | PWHT | Direction Position YS TS El RA RA, Eo Lo
(mm) (mm) (MPa) | (MPa) (%) (%) (%) 0)) o)
1/4¢ 435 601 30 75 74 —
o 1/2¢ 393 569 29 72 65 —
420x 243x 691°C 1/4t | 415 585 29 75 74 163 186
]497275; 17812050>< x4 h ¢ Top 1/2t 383 569 30 73 73 208 120
691°C 1/4¢ 390 559 30 75 74 136 76
x20h 12t | 364 549 30 76 70 89 51
Specification (1/4¢ and 1/2¢, C) >310 | 515-690 >22 — — >33 —
PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation RA: Reduction of area

RA,: Reduction of area in through thickness tensile test (Z direction)

JEo: Absorbed energy at 0°C JE_1o: Absorbed energy at —10°C

£ 10 SA-51680DLE RS
Table 10 Chemical composition of SA-516 GR. 70 steel plate

(mass%)
C Si Mn P S Others Ceq (%)
0.20 0.29 1.15 0.012 0.0028 Cu, Ni, Mo, V, Nb 0.454
Ceq=C + Mn/6 + (Cr+ Mo + V)/5 + (Ni + Cu)/15
& 11 ERBNEMOAIERESR
Table 11  Results of microscopic test for non-metallic inclusions in steel
Method: JIS G 0555, dgx400 (%)
. Type inclusion
Position
A, A, B C, C, Total
1/4¢t 0.01 0 0 0.01
Top
1/2¢t 0.02 0 0.02

A,: Viscous deformation (Sulphides)

A,: Viscous deformation (Silicates)

B : Granular inclusions discontinuously (Alumina, etc.)

C;: Irregular dispersion without viscous deformation (Oxide)

C,: Irregular dispersion without viscous deformation (Carbo-nitride)

+ 12 SA-5168HDIEMBYRE %
Table 12 Mechanical properties of SA-516 GR. 70 steel plate

Rolled slab| Product Tensile test Charpy impact test
dimension | dimension | PWHT | Direction Position YSs TS El RA RA, E, Eo Eog
(mm) (mm) (MPa) | (MPa) | (%) (%) (%) ) ) ©)
V4t | 373 530 33 68 63 215 139 59
400 202x 12¢ | 352 513 33 70 66 149 113 37
2 150 2 300 C Top
4500 6500 | 625°C 14t | 361 520 34 71 68 180 136 77
x10h 12t | 340 503 33 71 64 166 99 40
Specification (1/4t, C) >260 |485-620| >21 — — >28 — —

PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength
RA,: Reduction of area in through thickness tensile test (Z direction)
JEy: Absorbed energy at 0°C JE_»: Absorbed energy at —20°C

El: Elongation RA: Reduction of area

VE_4: Absorbed energy at —40°C
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Table 13  Elevated temperature tensile property of SA-516GR.70 steel plate

Test Elevated temp.tension test
temperature PWHT Direction Position YS TS El RA
0 (MPa) (MPa) (%) (%)
1/4t 284 473 28 70
225
1/2¢ 324 518 27 58
1/4t 283 499 27 65
300 625°C x10 h C
1/2¢ 329 546 23 50
1/4t 270 491 33 72
350
1/2¢ 318 527 27 64
Specification (300°C, 1/4t, C) >175 — — —

PWHT: Post weld heat treatment YS: Yield Strength TS: Tensile Strength El: Elongation RA: Reduction of area
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