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Recent Development in Microstructural Control Technologies
through Thermo-Mechanical Control Process (TMCP)
Applied for JFE Steel’s High Performance Plates
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Abstract:

Thermo-mechanical control process (TMCP) is one of microstructural control techniques, combining controlled
rolling and controlled cooling, to obtain excellent properties of steel plates, such as high strength, excellent
toughness and weldability. JFE Steel has continued efforts to develop TMCP technologies, ever since JFE Steel
started operation of the accelerated cooling facility, OLAC" (On-Line Accelerated Cooling), in the plate mill at West
Japan Works (Fukuyama) in 1980, which was the first industrial accelerated cooling system in the world. In 2004,
the epoch-making on-line induction heating facilities, HOP® (Heat-treatment On-line Process), were installed also in
the plate mill at West Japan Works (Fukuyama). Toughness of high strength steels, which are usually produced by
the quenching and tempering (Q-T) process, has been improved with the refining carbides through the rapid
tempering by HOP. In addition, since cooling stop-temperature before tempering can be accurately controlled by
Super-OLAC, unique microstructural control techniques utilizing martensite-austenite constituent (M-A) as the hard
phase, which are not be able to be achieved by the conventional Q-T process or TMCP, have been developed. These
techniques have already been applied to a variety of new products. This paper describes fundamentals of
microstructural control by TMCP, and the recent development in TMCP with some examples of new products in
JFE Steel.
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Fig.1 Schematic diagrams of (a) Normalizing and (b) TMCP
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Structure

(b) DQ-T
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Tempering

Temp.: Temperature RQ-T: Reheat-quenching and tempering

DQ-T: Direct quenching and tempering
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Fig.2 Schematic diagrams of (a) RQ-T and (b) DQ-T
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Fig.3 Schematic diagrams of (a) DQ-T and (b) DQ-HOP
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Fig.4 Changes in Vickers hardness (HV10) and the
transition temperatures by Charpy impact tests (v7+s)
with the tempering parameter in the TS780 MPa
grade steel
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Photo1 Cementite distributions in the TS610 MPa grade
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(b) DQ-Q’-T

Structure Temp. (a) RQ-Q’-T
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Austenite Ac;-
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_______________ Ar;
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Ferrite/Pearlite/
Bainite/Martensite

Temp.: Temperature RQ-Q’-T: Reheat-quenching
Q’(Inter-critical heating and quenching), and Tempering
DQ-Q’-T: Direct-quenching

Q’(Inter-critical heating and quenching), and Tempering

5 (a) RQ-Q-T, (b) DQ-Q-T D#IITREENIEAK
Fig.5 Schematic diagrams of (a): RQ-Q-T and (b): DQ-Q-T
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Bs: Bainite transformation start temperature
Bf: Bainite transformation finish temperature
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Fig.6 Schematic illustrations showing temperature profile

and microstructural changes in the new processing
with HOP
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%1 Super-OLAC+ HOPIC &£ 3 M-ATEF#ME#HIME % 7o /2

K YR 3R5&E 780 MPafksi DG A E
Table 1 Typical mechanical properties of the TS780 MPa
grade steel produced by the new processing with

HOP
Thick- vs
ness TS (MPa)| El(%) | YR (%) | Epc (J)
(MPa)
(mm)
25 703 912 33 77 216

YS:Yield strength TS: Tensile strength El: Elongation
YR:Yield ratio  E.c: Charpy impact energy at 0°C

: i \
BH 2 Super-OLAC+ HOP T M-AJEF#E#HIE % 17 7=
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Photo 2 A scanning electron micrograph of the TS780 MPa
grade steel with the low yield ratio produced by the
new processing with HOP
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