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Effect of weld thermal cycle on the HAZ toughness and
microstructure of a Ti-oxide bearing steel

H. C. Jeong*, J.K.Han* and K.S. Bang**

Key Words : Ti-oxide(Ti*t8tE), Ti-oxide steel(TiAt327), HAZ(EHERER),
Toughness (214), TiN(TiZ&%), Ti-nitride steel(TiAZFE7),
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Abstract

HAZ impact toughness of Ti-oxide steel was investigated and compared to that of a
conventional Ti-nitride steel. Toughness variations of each steel with weld peak temperatures
and cooling rates were interpreted with microstructural transformation characteristics. In
contrast to Ti-nitride steel showing continuous decrease in HAZ toughness with peak
temperature, Ti-oxide steel showed increase in HAZ toughness above 1400°C peak temperature.
The HAZ microstructure of the Ti-oxide steel is characterized by the formation of intragranular
ferrite plate, which was found to start from Ti-oxide particles dispersed in the matrix of the steel.
Large austenite grain size above 1400C promoted intragranular ferrite plate formation in Ti-
oxide steel while little intragranular ferrite plate was formed in Ti-nitride steel because “of
dissolution of Ti-nitrides. Ti-oxides in the Ti-oxide steel usually contain MnS and have crystal
structures of TiO and/or Ti,0s.
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Table 1. Chemical Composition of Materials used
Chemical composition (wt. %)

Material

C Si | Mn | P S | cu | Ni lomal no | T| o0 | N
Tiroxide | 08 | 016 | 1.55 {0.0061] 0.002 | 0.28 | 0.42 |0.0067| 0.011 | 0.014 |0.0012 | 0.0022
o . ‘ 55 o, . . , . . . 0012 | 0.
T(‘EH%&“ 0.11 | 0.27 | 1.40 | 0.018 | 0.004 | 0.039 | 0.03 | 0.035 | 0.004 | 0.015 |0.0012 | 0. 0047
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Fig. 1 Schematic diagram of weld thermal cycle
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Fig. 2 Impact energy of base metal with
temperature in Ti-oxide and TiN steel
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Fig. 3 Impact energy variation as a function of peak
temperature in the simulated HAZ of Ti-
oxide and TiN steel
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Simulated HAZ of Ti-oxide steel
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Scanning Electron Micrograph

Photo 2. Microstructures of acicular ferrite,
nucleated from Ti-oxide particle
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SEM Analysis of Ti oxide steel

Ti oxide EPMA

Photo 3. (a) SEM micrograph and EPMA analysis of Ti-oxide particle
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Microstruriures of Simuiated HAZ

Photo 6.

Microstructures of the simulated HAZ of
Ti-oxide and TiN steel when peak
temperature is 1400°C
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Photo 7. Microstructures of the simulated HAZ of
Ti-oxide and TiN steel when peak
temperature is 1450C
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Fig. 4 Effect of cooling time on impact energy in the
simulated HAZ of Ti-oxide and TiN steel,
when Tp=1350TC
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Fig. 5 Effect of cooling time on impact energy in the
simulated HAZ of Ti-oxide and TiN steel,
when Tp=1400C
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Fig. 6 Effect of cooling time on impact energy in

the simulated HAZ of Ti-oxide and TiN steel,
when Tp=1450T
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