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ABSTRACT The dissolving behavior of Nb, V and Ti carbonitrides precipitated in low carbon
microalloying steel during isothermal holding at different temperatures were studied by TEM and
EDX. The precipitates can be obviously classified into two kinds by their size. The average dimension
of the bigger precipitates is over 80 nm, and that of the smaller precipitates is below 20 nm. EDX
showed that the bigger precipitates are composed of (Nb, V, Ti) (C, N) in core and (Nb, Ti) (C,
N) near edge. With holding temperature increasing, the atomic ratios of Nb/Ti in the two kinds of
precipitates decreased. With Ti added to V—containing steel, V will delay dissolving which makes the
precipitates exhibit good thermostability in V-Ti microalloyed steel. In Nb—V—Ti microalloyed steel,
the strong interaction between Nb, V and Ti further enhances thermostability of V in the precipitates.
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Table 1 Chemical compositions of the tested steels

(mass fraction, %)

v Nb

Steel C Si  Mn P S Ti

V-Ti 0.07 0.28 1.54 0.0075 0.0081 0.09 0.021 -

Nb-V-Ti 0.07 0.29 1.56 0.0068 0.0088 0.10 0.02 0.08
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Fig.1 TEM image of the two kinds of precipitates in orig-
inal specimen of Nb—V-T1i microalloyed steel
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Fig.2 TEM image(a), corresponding EDP (b) and EDX spectra (c, d) of the first kind of precipitate in Nb—V-Ti steel
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Fig.3 TEM image (a), corresponding EDP (b) and EDX spectrum (c) of the second kind of precipitate in the Nb-V—Ti steel
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Fig.4 TEM image, corresponding EDP and EDX spec-
trum of the first kind of precipitate in original

specimen of V-Ti microalloyed steel
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Fig.5 TEM image and EDX spectrum of the second kind

of precipitate in original specimen of V-Ti steel
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Fig.6 TEM images and EDX spectra of the first kind of precipitates in Nb—V—-Ti microalloyed steels after 1 h
dissolving at 950 C (a), 1200 'C (b), 1300 ‘C (c), and atomic number ratio of Nb and Ti on the edge of (V,

Ti) (C, N) particle {d)
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Fig.7 TEM images of the second kind of precipitates in Nb—V—-Ti microalloyed steel after 1 h dissolving at 950

(a), 1100 (b), 1200 (c) and 1300 ‘C (d)
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Fig.8 TEM images and EDX spectra of the first kind of precipitate in V-Ti microalloyed steel after dissolving at
950 C / 1 h (a), 1100 'C /0.5 h (b), 1100 'C /1 h (c) and TEM image of the specimen dissolved at 1100 'C
/1 h, showing the second kind of precipitate disappeared (d)
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Fig.9 TEM image of the first kind of precipitate in Nb— .
V-Ti microalloyed steel after holding at 1300 C
for 1 h and EDX spectrum of its core
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