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Abstract: The morphology. size, distribution and chemical composition of precipitates and the micro-
structure of the low carbon bainitic steel with different content of Ti were investigated by field emis-
sion scanning electronic microscopy (FE-SEM), high resolution transmission electron microscope
(HR-TEM) and energy disperse spectroscopy (EDS). The results show that the test steels holding at
450°C and 520°C for 2h, the microstructure of three kinds of steels is granular bainite. Compared with
the low titanium steel, the yield strength of the high titanium steel and titanium-vanadium steel in-
creases by over 150MPa. There are two kinds of the nanometer-sized precipitate particles in high titani-
um steel:one of these is titanium carbide, which size is more than 15nm. The other is composite pre-
cipitate with the FCC(face-centered cubic)-(Ti,Mo)C structure, which size is smaller than 10nm. In
the matrix of titanium-vanadium steel, there are a great amount of (Ti,V,Mo)C composite precipi-
tates with the size smaller than 10nm.
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Table 1 Chemical composition of experimental steels(mass fraction/ %)
No C Si Mn P S Mo Cr Ti \% N Fe
17 0. 045 0.25 1.7 <20. 008 <20. 005 0.23 0. 81 0.023 — 0.0053 Bal
2% 0.042 0.25 1.7 <Z0.008 <Z0. 005 0.23 0.79 0.170 — 0. 0057 Bal
37 0. 044 0.25 1.7 <20. 008 <0. 005 0.23 0. 86 0. 180 0.13 0. 0065 Bal
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Fig. 2 Mechanical properties of experimental steels holding at different temperatures (a)450°C ;(b)520°C
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Fig. 3 SEM images of tested steels holding at 450°C

(a)1# steel; (a’)magnification of fig. (a);(b)2% steel; (b") magnification of fig. (b);(c)3% steel; (¢')magnification of fig. (¢)
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Fig.4 SEM images of tested steels holding at 520°C  (a)1# steel;(b)2% steel; (¢)37 steel
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Fig. 5 TEM images of tested steels holding at 450°C  (a)1% steel; (b)2% steel;(c)3% steel
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Fig. 6 TEM images of tested steels holding at 520°C
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Fig. 7 TEM images of thin films samples holding at 450°C  (a)2# steel;(h)3% steel
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Fig. 8 TEM images of thin films samples holding at 520°C  (a)2# steel; (b)3% steel; (¢) HR-TEM image of 3% steel
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Fig. 9 TEM images and EDS spectra showing precipitation particles holding at 520°C of 17 steel
(a) TEM morphology of TiN; (a-1)EDS spectrum of TiN; (b) TEM morphology of precipitate;
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Fig. 10 TEM images and EDS spectra showing precipitation particles holding at 450°C
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No
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