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Ti/N control of precipitates and toughness in welded Mg-treated
shipbuilding steel plate

ZHANG Yugqi, YANG Jian, ZHANG Yinhui

(School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

Abstract: In this study, the effect of the Ti/N ratio on the impact toughness at -20 °C of Mg-treated
shipbuilding steel plates after high heat input welding of 400 kJ/cm had been investigated. When the
Ti/N ratio is increased from 3.00 (TN30) to 5.67 (TN57), the main precipitated particles are TiN
particles. The average size of nano secondary phase particles increases from approximately 150 nm to
205 nm, with the particle number density in TN57 being approximately 2.5 times than that in TN30. In
TN30 steel, Mg-Ti-O-MnS composite inclusions with a size about 3 um can effectively induce IAF nuc-
leation. The ferrite laths and dislocation pile-ups significantly enhance its toughness. TN57 steel con-
tains Ti(C, N) composite inclusions which are regular in shape, sharply angular and approximately 5 um
in size. These coarse carbonitrides are detrimental to the toughness of the steel. As the Ti/N ratio is in-
creased from 3.00 to 5.67, the low-temperature impact toughness at -20 °C decreases from 183 J to 49 J.
Key words: Mg treatment; Ti/N ratio; high heat input welding; heat affected zone; low-temperature im-
pact toughness
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Table 1 Chemical compositions of the steel samples

Steel Chemical composition/% TN
STCTSi Mn P S Mg Ti N
TN30 0.076 0.22 1.55 0.007 0.004 0.0027 0.012 0.004 3.00

TN57 0.081 0.22 1.56 0.007 0.004 0.0026 0.017 0.003 5.67
®2 FEAEBINE R

Table 2 Experimental conditions of simulation welding

Plate Welding heat Peak Peak holding s
thickness/mm input/(kJ-cm™) temperature/°C time/s ¥
50 400 1 400 3 385
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Comparison of equilibrium solubility products with actual solubility products of TiN
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