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Effects of Heating and Cooling Rate on Transformation Behaviors
in Weld Heat Affected Zone of Low Carbon Steel

Yutaka Kanersckr and Masaaki KatsumaTa

Synopsis : Effects of welding thermal cycle pattern and microstructure of a low carbon base steel on transformation behavior of
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heat affected zone(HAZ) were investigated in order to know the relationship between microstructure and the
deterioration in toughness of HAZ of high heat input welding.

Thermal dilatation and microstructural observations showed that the reverse transformation from ferrite to austenite
and from austenite to ¢-ferrite occurred displacively at rapid heating. A., temperature was decreased by heating rate
of 200°C/s in TMCP steel, but it was not decreased in normalized steel. This meaned that reaustenitization was
accelerated in non-equilibrium microstructure. Austenite and §-ferrite transformed displacively were characterized by
inner stress and substructure with defects, which promote the formation of grain boundary ferrite (GBF) and acicular
ferrite (AF) in cooling. Slow cooling in stable austenite region above 900°C caused the relaxation of inner stress and
the restoration of substructure, which were followed by the retardation of the formation of GBF and AF. GBF related
to the precipitation of pearlite bordering on GBF. It was already reported by authors that the lowering toughness of
HAZ was attributed by the precipitation of degenerate pearlite.

These results indicate that it is important to simulate thermal cycle accurately in order to evaluate toughness of HAZ
of high heat input welding.
low carbon steel ; high heat input welding ; heat affected zone ; welding thermal cycle ; rapid heating ; grain boundary
ferrite ; acicular ferrite ; pearlite ; displacively inverse transformation.
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Table 1. Chemical compositions of steel used (mass%).

C Si Mn P S Al Ti N

0.07 026 139 0.006 0.001 0.019 0.021 0.0040

T 947 181 Z A

ik 99 9 111012 (Received on July 18, 1997 ; Accepted on Sep. 10, 1997)

* (BR) M BTN I BLEEAT (I 1 MU B8R (Kakogawa Works, now Kobe Works, Kobe Steel, Ltd.)
% 2 (bk) M BLERAT N 1 848k (Kakogawa Works, Kobe Steel, Ltd., 2222-1 Ikeda Onoe-cho Kakogawa 675)
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Fig. 2. SH (synthetic heat-affected zone)-CCT (A)
and conventional CCT (B) diagrams of steel
used. Cooling rate from 1350°C to 900°C in
SH-CCT diagram : 80°C/s.

Cooling rate below 900°c
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Fig. 4. Optical and SEM micrographs showing the effect of heating rate on the morphology of acicular ferrite

transformed at 6°C/s. Heating rate: (A)100°C/s, (b)50°C/s, (C)5°C/s. Figure in (
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Fig. 5. Dilatation curves of rapid and slow heating
in TMCP and normalized steels.
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Fig. 6. SEM micrographs showing the reaustenitization behavior of rapid and slow heating in TMCP and
normalized steels observed after quenching at various temperatures.

Fig. 7. TEM micrographs showing the reaustenit-
ization behavior of rapid heating of TMCP
steel observed after quenching at various
temperatures.
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