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Effect of Nb and V on the microstructures and properties of
X80 hot pipe steel

AN Tao"?, LIU Wenyuel’z, LI Tianyil’Z, ZANG Yanl’z, LI Jiangwen1’2, SUN Meihui"’

(1. State Key Laboratory of Metal Materials for Marine Equipment and Application, Anshan 114009, Liaoning, China;
2. Ansteel Beijing Research Institute Co., Ltd., Beijing 102200, China)

Abstract: In this study, different contents of micro-alloying elements Nb and V were added to X80
pipeline steel. OM, SEM and TEM were used to observe the microstructures and precipitates. Tensile
tests and Charpy tests were conducted to obtain the mechanical properties. Thermo-calc software was
used for phase transformation calculation. The results showed that after reducing the Nb or V contents
in the tested steel, the ratio of solid solution strengthening of the steel decreased; the volume fractions of
the nano precipitates increased; the average diameters of the nano precipitates decreased; the ratio of
precipitation strengthening of the tested steel increased; and the ratio of grain refinement strengthening
of the steel was not obvious. Finally the strength of the tested steel was reduced, while the impact en-
ergy at -20 °C was significantly increased. This research has confirmed that adding appropriate amounts
0f 0.02%Nb and 0.04%V elements can improve the strength and toughness matching of materials.
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Table1 Chemical compositions of three tested steels %
A C Si Mn+Cr+Mo Ni+Cu Ti Nb \% Al Fe
06Nb1V 0.07 0.25 2.2 0.03 0.06 0.1 0.03 Bal.
02Nb1V 0.07 0.25 2.2 0.03 0.02 0.1 0.03 Bal.
06Nb04V 0.07 0.25 2.2 0.03 0.06 0.04 0.03 Bal.
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Table 2 Production process parameters of the investigated steels
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Fig.1 Temperature dependence of the mole fraction of equilibrium phases in the 06Nb04V steel (a) and partial enlarged view (b)
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Fig. 2 SEM photos of the investigated steels
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Fig. 3 EBSD analysis of the investigated steels
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Fig. 4 TEM micrographs of the precipitated particles in 06Nb1V steels
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Fig. 5 TEM micrographs of the precipitated particles in 02Nb1V steels
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Fig. 6 TEM micrographs of the precipitated particles in 06Nb04V steels
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Table 3 Statistical results of the precipitated particles
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06Nb1V 0.30 31.86
02Nb1V 0.07 20.20
06Nb04V 0.54 23.87
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Table 4 Mechanical properties of the investigated steels

I Jit AR5 5 /M Pa HihisE & /MPa Wi f A1 2R/ % hidi
06Nb1V 695 17.96 166
02Nb1V 643 20.60 206
06Nb04V 644 16.86 304
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