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Abstract: The test steels in this study had base chemistry of Q345 steel with 0.08%V and various nitro—
gen contents of 0% 0.022% 0.034% and 0.042% .Thermo-Calc software was used for the thermodynam—
ic calculation. When steel is free of nitrogen the calculated V( C N) precipitation temperature in austeni—
teis 933 °C.When the nitrogen content in the steel is 420x10°.the precipitation temperature of V( C N)
is 1 340 C.TEM observation indicates that increasing nitrogen content can result in a large number of V
( C N) which plays the role of precipitation strengthening and refining grain.The mechanical properties of
the steel increase significantly with increasing nitrogen content.The steel free of nitrogen has yield strength
of 486 MPa and tensile strength of 686 MPa.When the nitrogen content is 340x10™ the yield strength of
the test steel is 610 MPa and the tensile strength is 732 MPa.Fracture observation show that toughness
and ductility of Q345 steel has been enhanced with increase of nitrogen content.
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Table 1 Chemical compositions of tested steels
w/!%
C Mn Si S P Vv N
1* 0.18 1.464 0.395 <0.011 <0.025 0.118 0.000
2% 0.17 1.481 0.386 <0.011 <0.025 0.084 0.022
3* 0.19 1.458 0.445 <0.011 <0.025 0.083 0.034
47 0.20 1.528 0.453 <0.011 <0.025 0.082 0.042
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Fig.1 Influence of different N content on precipitation of FCC_A1*2 phase
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Table 2 Composition of FCC_A1*2 Phase % °
V(C N)
\% N C Fe
0.49308  0.48137  0.01181  0.01374 2 °
0.766 50  0.20576  0.00433  0.023 41 3 V(CN)
V(C N) t
FCC_A1"2 N.C V
V(C N) . V(C N)
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2
Fig.2 TEM image showing precipitate morphology and energy spectrum analysis indicating V precipitates
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Fig.3 random V( C N) prcipitate in ferrite
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Fig.4 V(C N) precipitate in pearlite
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Fig.5 Microstructure of test steels after same normalized condition
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o 6 — o 1" ~4*
3 N Q345 (920 °C
° 1h )
420x10°° Table 3 Effect of N content on mechanical properties of
785 vanadium containing Q345 steel ( normalizing at 920 °C
MPa 624 MPa 229 . 1* for 1 h and then air cooled to room temperature)
L wn /% /MPa /MPa 1%
#
486 MPa ° » o st s s
V(C N) 3* 0.034 732 610 24.5

4% 0.042 785 624 22.0
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Fig.7 Morphology of tensile fracture of test steel
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