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14 Grain shape of controlled-rolled 20mm thick O'12V-N steel plates

apparently not occurred and deformed ferrite was
produced, and that this was associated with poorer
toughness (see Fig.14).

Relatively little work has been published on the
structure of steels rolled in the two-phase region and below
the Ar 1 temperature, and certainly little is known about
the effect of various precipitates on the recrystallization
behaviour of ferrite. Greater knowledge of the phenom-
enon might enable improved control of line-pipe properties
to be obtained.

Rolling at low temperatures (in the ferrite range)
In some rolling practices, such as that discussed by Ouchi
et al.,18 rolling has been continued down to 690°C. Little
has been reported on the structure of steels rolled at such
low temperatures, although it is known that ferrite-pearlite
steels of similar composition sometimes give a continuous
stress-strain curve, and sometimes a discontinuous curve,
in the tensile test when rolled at these temperatures.
Rolling in this temperature range cold works ferrite, which
could explain the continuous stress-strain curves. It is also
possible that recovery could occur or that heavy
deformation at this temperature could result in recrystal-
lization of the ferrite, which would account for the
discontinuous curves.

above about 900°C, and NbC is the most commonly used
for this purpose; sufficient precipitation is achieved with
0.03% Nb. It has also been suggested by Luton et al.13 that
the prevention of austenite recrystallization is caused by
solute drag.

It has recently been shown by White and Owen 14 that

the prevention of recrystallization can be achieved by VN
in steels containing 0.2% V and 0.02% No This is of little
more than academic interest at the present time. Sage,10
however, has shown that in a 0.45 V-O.006 N steel
sufficient precipitation occurs to prevent austenite recrystal-
lization, and there is no need to add niobium for grain-size
control.

The extent of grain refinement achievable by this
practice is determined by the amount of reduction given to
the steel between the start rolling temperature (usually
about 880°C) and the Ar3 temperature. In most practices a
reduction of about 75% in thickness is given during this
stage of rolling, and it has been shown by Sellars15 that
greater reductions have little further grain-refining effect.

Rolling in the two-phase temperature range
Less is understood about rolling in this range, partly
because the changes in structure are complicated by the
fact that, while the first ferrite formed is being deformed
and theoretically mayor may not recrystallize, other grains
of austenite are transforming and give rise to new
undeformed equiaxed ferrite grains, and there is a danger
that a structure of mixed grain size, detrimental to
toughness, will be formed.

However, Sage,16 in a limited study, has shown that in
some steels rolled in this temperature range and at slightly
lower temperatures, a limited amount of interphase
precipitate is to be found and equiaxed ferrite can be
produced, and that this is associated with increased

toughness.
Recently, Bufalini and Aprile17 have shown that

improved toughness can be obtained in ferrite-pearlite
V-Nb steels if they are rolled at temperatures just below
the Ar3 temperature. Unfortunately, they did not study the
structure of the steel. Sage16 also indicated that the
equiaxed structure occurs only in high V-N or V-Nb steels
when the precipitation of VN or NbCN takes place in
austenite, so that light interphase row precipitation is
found. He observed that in a low- V steel in which there
had been interphase precipitation, recrystallization had

EFFECT OF MICROALLOVS ON CONTROLLED
ROLLING OF FERRITE-PEARLITE PLATE
STEELS FOR U-O PIPE PRODUCTION
Effect on ferrite
The microalloying elements Ti, AI, Nb, and V play
important roles in determining the response of steels to the
effects of the four stages of rolling, some or all of which
are employed in thermomechanically treated steels. Each
of the microalloying elements has separate, albeit
overlapping, functions, and the role of some of them is
considerably influenced by the level of nitrogen in the steel,
and to a lesser extent by the carbon content.

The effect of the microalloying elements is determined by
the temperature range over which their carbides and
nitrides form, which in turn is controlled by the solubility
of these compounds, their heats of formation, and the
amount of nitrogen and carbon present in the steel.

Carbides and nitrides which form at a high temperature,
and which do not or only partially enter solution at the
reheating temperature, will prevent grain growth and thus
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