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ABSTRACT

High strength low alloy (HSLA) steels developed 1n
recent years satisfy the nced for inexpensive, strong,
tough and easily weldable steels for various structural
applications.

To bring about these properties, microalloying elements
are added to HSLA steels, The common additions ar¢ nioblun
(Colunbium), vanadium, titanium and the rare earths.

Besides microalloying additions, the grain refinement
of austenite or ferrite can also be achiceved to a great extent
by "controlled-rolling®, Both prccipitation and reccrystalli-
zation processcs arc known to take plaée simultancously during
the cohtrolled rolling cf HSLA stecls in the austenitic region.
These phenonena have been.studied extensively. However, the
tail-end of the controlled rolling which may well be into the
forritic region, has not received sufficient attention. There-
fore, the subject of the present investigation is the precipi-
tation and rcerystallization bcehaviour of HSLA steels in the
ferritic region.

The following experimgntal techniques have been used to
study the simultaneous precipitation and recrystallization
phenomenas
(i)  resistance measurements,

(ii) transmission electron microscopy (TEM),
(iii) quantitative netallography and

(iv) hardncss neasurencnts,



Four different thermomechanical treatments were given to
all steels, In treatment I, all steels were given 50% reduction
by rolling at 700°C and subsequently annealed at 700, 650, 600
and 550°C for various annealing times ranging from 5 to 300
minutes., In treatment II, temperature of amealing (T4 = 650°C)
and degree of deformation ( € = 50%) are kept constant and the
temperature of deformation is varied, viz, 700, 650, 600, 550
and 25°C. In treatment III, the temperature of defomation
(Td = 700°C) and thc temperature of annealing are kept constan*
and the degree of deformation is varied, namely, £ = 50, 37.5
and 25% In treatment IV, the four steels were given 50% |
reduction at various temperatures of defomation without any
subsequent anneal,

A wide range of variation in A R/R values from ~ - 0,07
to »v 0,43 is observed in the different steels. The C-Mn steel
shows the maximum positive variation in AR/R values, In the
absence of infommation about spcecific atomic processes which
are responsible for thc resistance changes, no detailud inter-
pretation of the AR/ R data is given.

Three distinct size groups of precipitates have been
observed during TiEM studies, The first group is spherodized
cementite particlcs in the size range of 5000 to 10000 X. The
second group consists of Qementite precipitated in ferrite in
the .size range of 1000 - 2000 & and the third group is micro-
alloycd carbides in the size range of.2OO to 800 X ALl

thesc particles arc in size range larger than the critical



size required for pinning down nigrating grain boundariecs
during recrystallization.

The rcerystallization kinetics shows intcresting
variations in differcnt steels for different thermomechanical
treatments. In general, the cxtent of recrystnllization
is a maximum in C~Mn steel, followed by C-Mn-V steel. The
C-ln~-db-V steel shows an interuediate behaviour. The
C-IIn-Nb stecl ¢xhibits slowest rceerystullization rate. LY
a function of temperaturcs of amnealing, C - curve, anti
C- curve, 2 - curve and 3 - curve bchaviour has bcen
Observed, This indicates that precipitation 1s having a
conplex c¢ffect on the recrystallization process.

In treatment IV, the hardncss increasc during
deformation is mainly duc to dynamic strain ageing and
this effeet is more in the C-Mn steei as comparcd to the

microalloyed stecls,
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