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Spontaneous Reverse Transformation due to Adiabatic Deformation Heating in 0.3%C-9%Ni Steel

Tomoyuki YOKOTA, Masaru MIYAKE, Yasuhiro SODANI and Masakazu NIKURA

Synopsis : A new concept for ultra refinement processing in austenite grain size; Spontaneous Reverse Transformation (SRT) due to adiabatic deforma-
tion heating has been proposed. The occurrence of SRT was verified using a 1000 ton laboratory mill. 0.3wt%C-9wt%Ni steels with configu-
ration of 50X 50X 300 mm were heated to 550°C which is lower than cementite dissolution temperature. The microstructure was tempered
martensite before rolling. Reheated steels were heavily rolled with a total reduction of 60%, 70% and 90% under a rolling speed of 50 m/min.
Measured plate surface temperature rose up to 675°C which was higher than Ae, temperature in the case of 90% rolling reduction. SRT oc-

curred only in the mid thickness region for 70% rolling reduction, while all through the thickness for 90% rolling reduction. The microstruc-

ture of the region in which SRT occurred consisted of a fresh and fine martensite with high dislocation density and cementite was no longer

observed in this region. The size of grains surrounded by high angle boundaries was roughly estimated as around 0.5 gm, which was consid-

ered to be either prior ¥ grain size or martensite packet size. Deformation analysis incorporated with thermal analysis revealed that SRT oc-

currence behavior was well explained by temperature distribution along the plate thickness caused by adiabatic deformation heating and roll

chill.
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Table 1. Chemical composition of the examined steel (mass %).

(mass %)
C Si Mn P S Sol.Al | N Ni Ti B
0.31 0.29 0.86 0.007 |{0.009 |0.033 0.0032 }9.33 |0.019 0.0014
Table 2. Pass schedule for the rolling experiment.
No. | Aimed total | Total Pass schedule Measured Net total
reduction pass (mm) plate thickness | reduction
(%) number (mm) (%)
1 60 3 50—40—30—20 21.0 58
2 70 3 50—33—-22—15 16.0 68
3 90 3 50—22—11-5 59 88
4 56 1 50—22 24.2 52
5 78 2 50—22—-11 133 73
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Fig. 1. Schematic illustration showing the location hardness measurement and microstructure observation were conducted.
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Fig. 3. Hardness distribution along the plate thickness.

(a) Effect of rolling reduction.
(b) Progress of reverse transformation with the
number of rolling pass.
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Fig. 4. Optical macrostructures of (a) the 70% rolled plate,
and (b) the 90% rolled plate.
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Fig. 5. Optical microstructures of the rolled plates.
(a) Surface, (b) 1/4t, (c) 1/2t of the 70% rolled
plate.
(d) Surface, (e) 1/4t, (f) 1/2t of the 90% rolled
plate.

Fig. 6. TEM images taken from (a) 1/4t, (b) 1/2t of the 90% rolled plate
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Table 3. Employed conditions for the rolling analysis.

Initial thickness 50 mm

Initial temperature 550°C(homogeneous inside the
material)

Roll diameter 720 mm

Rolling speed 50 mpm

Pass schedule 50—40—30—20 mm (60 %)

(corresponds to No.1,2 | 50—33—22—15 mm (70 %)

and 3 in Table 2) 50—22—11—5 mm (90 %)

Interpass time 5s

Friction coefficient 0.25

Table 4. Employed conditions for the thermal analysis.

349 W/m/K

711.6 J/kg/K
0.0233 kW/m’/K.

Thermal conductivity
Specific heat
Heat transfer coefficient

for air cooling
Heat transfer coefficient
between work roll and

0.695P-34.4 kW/m¥/K
(P: Roll pressure)

plate
Emissivity 0.6
Ambient temperature 20C

ard pass  Total reduction:90% :
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Fig. 7. Strain distributions along the plate thickness at an
exit of roll bite.
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Fig. 8. Temperature distributions along the plate thickness
at an exit of roll bite.
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Fig. 9. Temperature changes at mid-thickness and surface
of the plate as a function of interpass time.
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