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ABSTRACT The relationship between microstructure and toughness of the welding heat—affected
zone (HAZ) in a ultra-low carbon QT steel (HSLA-100) was investigated using welding thermal sim-
ulation experiment and TEM. The experimental results show that the toughness of coarse grained
HA?Z decreases due to the formation of coarse austenite grain and the appearence of the untempered
martensite in the first welding thermal cycle. During the second welding thermal cycle of multi-pass
welding, the experimental steel shows no local brittlement in the intercritically reheated coarsegrained
HAZ, but a local brittlement appears in subcritically reheated coarse—grained HAZ. This phenomenon

is caused by the precipitation of carbide and thermal decomposition of retained austenite.
KEY WORDS steel HSLA-100, multi-pass welding, heat affected zone (HAZ). brittlement
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HSLA-100 33 §eh 3% g EiF s prigdt, mE
(900 Tk, 640 THEK), M, % 400 C. #WE k¥,
5 (ERS%E. %) % C0.04, Si0.27, Mn0.86, P
0.004, S 0.002, Nb 0.03, Cu 1.58, Ni 3.35, Cr 0.57, Mo
0.60, Al 0.03. HHLAEMEREA: 0,=717 MPa, o,=
839 MPa, 6=25.0%, ¥=>57.0%.
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Table 1 Welding simulation parameters

Therma! Heating Peak Cooling Laminated
cycle rate temperature time temperature
number T /s o tasg, & [
First 130 1300 10 200
130 1300 40 200
130 1300 70 200
Second 130 600 10, 40, 70 -
130 300 10, 40, 70 -
130 1004 10, 40, 70 -
130 1200 10, 40, 70 -
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Fig.1 Helationship between Charpy energy and second peak
temperature of steel QT
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Fig.2 SEM fractographs of subcritical coarse grain HAZ
{a] and coarse grain HAZ (b} in steel QT
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Fig.3 Optical micrographs of coarse grain HAZ
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Fig.4 TEM micrographs of retained austenite in coarse

grain HAZ

(a) bright field {b)dark field (c)diffraction pattern
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Fig.65 TEM micrograph of acicular ferrite and martensite

in coarse grain HAZ
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Fig.% TEM micrograph of carbide precipitated in subcrit-

ical coarse grain HAZ
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Fig.7 TEM micrographs of Fe3C in subcritical coarse grain
HAZ
(a) bright field {b) dark field
(c) diffraction pattern
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Fig.8 TEM micrograph of equiaxial grain in intercritical

coarse grain HAZ
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