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Abstract: The effects of vanadium addition on the CCT diagrams, the microstructural evolution and tensile properties at both room
temperature and 600°C have been investigated in two series of hot-rolled high-strength, low-alloy weathering steels containing both
V and Mo(the first with 0.60%Mo, the second with 0.30% Mo content). The CCT curves showed that the addition of 0.10%V to the
0.60%Mo weathering steels has a limited effect on the transformation of the steel whereas the addition of 0.20%V promoted the
formation of polygonal ferrite. The TEM observations revealed that Precipitates of vanadium become finer and denser as the
vanadium content increased or accelerated cooling after hot-rolling was used, which resulted in additional strengthening at both room
temperature and 600°C.The results also showed that the control of the bainite fraction in the microstructure is essential for weathering
fire resistant steels in order to obtain good high-temperature vield strength even for steels containing 0.60Mo. If a suitable fraction of

bainite was introduced in the microstructure, the Mo content could be reduced to about 0.30%Mo while the high-temperature yield

strength were still kept at high level.
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1 Introduction

In order to enhance the fire-resistance of steel-frame
building structures, a significant amount of research
has been carried out in Japan, Korea and other

steels with
[1-3]

countries, and several fire-resistant
different strength levels have been developed
These steels represent a notable improvement over
conventional steels in terms of elevated temperature
yield strength .The yield strength of the fire resistant
steels at 600°C was set at the minimum of two thirds
of the specified room-temperature yield strength while
maintaining low yield ratio, good weldability and
other properties .

It has been indicated that the combined addition of
niobium and molybdenum, while coupled with
appropriate controlled rolling and controlled cooling
conditions, is extremely effective in the development
of fire-resistant steels with a tensile strength of
400N/mm’°r 490 N/mm®*.  The

temperature strength of these steels are considered to

good high

be the result of the precipitation strengthening with

niobium, solid-solution strengthening with
molybdenum, and inhibition of the growth of Nb(C,N)
with the

temperature

segregation of molybdenum at high
“_ It has also been reported that the
high-temperature yield strength of the HSLA steels

containing Nb and Mo depended mainly on the

percentage of the Mo addition, Mo was essential to
obtain a mixed microstructure of polygonal ferrite and
bainite, and the MC carbides became finer and denser
as the amount of Mo increased. Therefore, the
enhanced high-temperature yield strength of these
steels was contributed to both bainitic transformation
hardening and the precipitation hardening caused by a
uniform distribution of fine MC particles”’. Vanadium
is very different from niobium in the behavior of
precipitation .It is unclear whether or not the
combined addition of vanadium and molybdenum,
while combined with proper processing conditions,
has similar effect of the HSLA steels containing Nb
and Mo.

The purpose of the present work is to investigate the
effect of vanadium on the microstructural evolution
and properties of several hot-rolled Mo-containing
weathering steels with emphasis on its effect on
high-temperature strength of these experimental steels.

2 Experimental Procedures

In this study, two series of experimental weathering
steels with 0.60%Mo and 0.30% Mo content were
designed to investigate the effect of vanadium on the
microstructure, tensile properties at room temperature
and at 600°C. In addition, steel 33 was microalloyed
with the VN alloy to enhance nitrogen content for
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