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Strength can be unequivocally rearranged by T.P. 
irrespectively of the heating rate. Toughness, on the 
other hand, cannot be rearranged solely by T.P. and heat-
ing rate dependence is observed. Due to rapid heating 
and tempering, high toughness is achieved through the 
uniform refinement and dispersion of cementite.

4.	 Development	Concept	for		
550	and	610	MPa	Class	High-strength		
Steel	Plates	for	Tanks	and	Penstocks

4.1	 Applied	Specifications	and		
Heat	Treatment	Process

When applied for tanks and penstocks, the newly 
developed steel plates correspond to 610 MPa class steel 
plate specified as SPV490 in JIS G 3115 Steel Plates 
for Pressure Vessels or 550 MPa class steel plates speci-
fied as A841 Gr. B Cl. 2 in ASTM standard. For the heat 
treatment, direct quenching (DQ) by Super-OLAC and 
on-line rapid tempering by HOP are adopted in both 
steels.

4.2	 Concept	of	Alloy	Design	and		
Microstructure	Control		
by	On-Line	Heat	Treatment

The 550 MPa and 610 MPa class high-strength steel 
plates with superior toughness have the following fea-
tures, based on a heat-treatment on-line process as a pre-
condition:
(1) Reduced C Content, Reduced Weld Cracking  

 Parameter (PCM), and No Added B
From the viewpoint of weldability, the chemical 

compositions of these steels are characterized by a C 
content of not more than 0.09 mass%, a low PCM of 
not more than 0.20 mass%, and no added B. These 
conditions were made possible by applying the accel-
erated cooling Super-OLAC. Compared to conven-
tional steels (the RQ-T type JIS SPV490 steel and 
ASTM A537-2 steel), the developed steel was pro-
duced at a lower preheat temperature (Fig.	7) and a 

decreased hardness of weldment (Fig.	8), and exhib-
ited excellent welded joint performance.

(2) Optimum Use of Microalloying Elements
In the direct quenching and on-line rapid heat-

ing and tempering (DQ-HOP) process using Super-
OLAC and HOP, the microstructure and precipitation 
of carbonitrides are controlled through transformation 
strengthening and fine-precipitation strengthening 
during tempering and the like6,14) using microalloying 
elements. An excellent strength-toughness balance is 
realized as a result.

(3) Refinement and Dispersion 
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heat-input electrogas arc welding (EGW), the alloy 
design meets the requirements for both welded joint 
strength and HAZ toughness during large-heat-
input welding. For HAZ toughness, the alloy design 
avoids an upper bainite microstructure and obtains 
high toughness by suppressing the formation of the 
martensite-austenite (M-A) constituent1,2, 15).

5.	 Properties	of	Developed	Steels

5.1	 Base	Metal	Performance		
of	Developed	Steels

The chemical compositions of the developed steels 
are shown in Table	1. In all of the steels, the C content 
is controlled to a low value of not more than 0.09 mass% 
and PCM is controlled to a low value of not more than 
0.20 mass%.

Tables	2 to 4 show the base metal performance of 
the A841 Gr.B Cl.2 steel plate, and that of the JFE-
HITEN610U2 and 610E steel plates processed by 

Fig. 9   Cementite  refinement  and  toughness  improve-
ment  by  rapid  heating  and  tempering  of  JFE-
HITEN610U2

Table 1  Chemical compositions of the developed steels

Table 3  Mechanical properties of JFE-HITEN610U2

Table 2  Mechanical properties of ASTM A841 Gr.B Cl.2

Table 4  Mechanical properties of JFE-HITEN610E

Tempering parameter 103

5–100°C/s

0.3°C/s

vTrs: Fracture appearance
transition temperature

vT
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°C
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(a) Heating rate: 0.3°C/s (b) Heating rate: 0.3°C/s

14 15 16 17 18

(mass%)

Grade Thickness (mm) C Si Mn P S Others Ceq PCM

A841B2 16, 38 0.08 0.19 1.34 0.014 0.002 Mo, V, etc. 0.33 0.16

JFE-HITEN 610U2
25 0.08 0.20 1.35 0.014 0.002 Mo, V, etc. 0.33 0.16

40 0.09 0.25 1.46 0.008 0.001 Mo, V, etc. 0.39 0.19

JFE-HITEN 610E
12, 22 0.09 0.20 1.36 0.015 0.002 Mo, V, etc. 0.36 0.18

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

CeqCSi/24Mn/6Ni/40Cr/5Mo/4V/14 
PCMCSi/30Mn/20Cu/20Ni/60Cr/20Mo/15V/105B

Thick-
ness
(mm)

Tensile properties Charpy impact properties

Position, 
Direc-
tion

YS 
(MPa)

TS 
(MPa)

El 
(%)

Position, 
Direc-
tion

vE25°C 
(J)

vE45°C 
(J)

16
Full-
thick., C

583 669 36
1/4t, L
1/4t, C

296
236

278
140

38
Full-
thick., C

522 617 50
1/4t, L
1/4t, C

320
298

263
284

A841Gr.B Cl.2 Specification: YS415, 550TS690MPa 
vE: On the purchase order, if not specified; vE40°C20E
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DQ-HOP. The strength and low-temperature toughness 
meet the A841 Gr.B Cl.2 specification and SPV490 
specification.

5.2	 Welded	Joint	Performance

As examples of welded joint performance of the 
developed steels,	Tables	5 and 6 show the welded joint 
performance of DQ-HOP-processed JFE-HITEN610U2 
with joints welded by shielded metal arc welding 
(SMAW), and DQ-HOP-processed JFE-HITEN610E 
with joints welded by electrogas arc welding (EGW). 
The joint strength and weldment toughness values meet 
the specifications for the base metal in both steels. Thus, 
both steels have excellent welded joint performance. 

6.	 Conclusion

This paper presented the features and properties of 
high-performance 550 MPa and 610 MPa class steel 
plates produced using JFE Steel’s technology for refin-
ing and dispersing carbides. These steels are to be used 
as steel plates for tanks and penstocks, plant components 
that require extremely high reliability. The features and 
properties of these steels were achieved by a combina-
tion of material design through microalloying technol-




