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ABSTRACT

The kinetics of isothermal martensitic transformation
is influenced by the test temperature, a superimposed elastic
stress, prior plastic strain of the austenlte and the grain size
of austenite. The isothermal mode of transforaution provides an
ideal opportunity to measure the plate dimensions on a firm basls,
ag the reaction temperature can be controlled accurately and also
the transformation rate is measurable as a functlon of time, In
the present work, the isothermal kinetlecs as well as the plate
dimensions have been studled as a functlon of reuctlon temperature,
a superimposed elastic stress, grain size and prior plastic strain
of the uustenite.

An Fe-23, 2Ni-2,3Mn alloy 18 used here for all experimonts,
The experdmental procedures include homogenizatlon, rolling and
wire drawing, austenitization, doping, plastlc deformwation of
austenite at room temperature, optical and electron metallography.
The virgin austenlte is transformed to martensite at nine isothormal
tost temperatures from -70°C (203K) to -196°C (77K), ‘The effect of
a superimposed elastic stress fleld has been studied at three test
temperatures: ~-85°C (188K), -143°C (130K) and -~196°C (77K), The
plastically deformed specimens are transfomed at ~85°C (188K),
-100°¢ (173K), =140°C (133K) and -196°C (77K). The kinetics of
the trangformation is followed by measuring the electrical
resistance of the sunples by means of an Autobalance Universal

Brldge. The change in resistance is calibrated in terws of the



volune fraction of wartensite determined by point counting,
The microstructures have been characteriwed using lhe optleal
microscope as well as the TBi, The Fullmun methiod hus been
used cxtensively to evaluate the mean dimenuslons of the
martensitic plates. The fraction of the partially transformed
graing (Gg) and the extent of plate assoclation (EPA) are
obtained by areal and lineal analysls respectlvely,

The alloy exhilblts a typlecal C-curve behaviour with
the nosve of the C-curve around -110°C (163K). The kinstic
parameters such as the autocatalytle parameter and the activation
energy for nucleation are obtained by using the Haghavan-Pati-
Cohen approach, The autocatalytic parameter increases slowly
but continuously with decreasing reasction temperature, The
activation energy for nucleation decreases with decreasing
temperature. The computed transformation curves obtained by
the above approach agree well with the experimentally observed
transformation curves upto a significant extent of transformation,
ror a partleular test temperature, the reactlon progresses by a
combination of the spreading out of clusters of plates and
f1lling-in of the pockets, both occuring simultaneously, The
mean semithlckness-to-radiug ratio (¢/r) 1s found to increase
with increasing murtensitic fraction at any test temperature,
but 1t decreases with decreaslng temperature for a gilven
murtensitic fraction, The initial (¢/T)y ratio i.e. (&/%)



at ~ 0% murténsite decreases by a factor of 2, as the test
temperature decreases from -70°C (203K) to =196°C (77K).

This indicates thut a fraction of the transformationul strain
enorgy is to be released which decreases wlth decreasing
reaction temperature, ‘This fraction estimuted to be about
0.50 at =70°C (203K) and 0.0% at -196°C (77K).

The effect of a superimposed elastlic stress on the
truns formatlon kilretles und the plate dimensilons huve Lesn
studied by applying various levels of unlaxlal tensile stress
at three test temperatures. At a given test tomperature, with
the increasing level of applied stress, the inltial nucleation
rate and the aulocatalytlc purameter increase, whereas the
activation energy for nucleation decreases, lHovever, the
increuase in nucleation rate or the decrease in activation
cnergy 1s more at higher temperatures than at lower temperatures.
Three linear equations with different slopes are obtained
between the actlivation energy for nucleation and the total
driving force at the three test temperatures, where the
elastic stress experiments are carried out., From these sslapas,
the activation volumes for the dislocation motion associlated
with the nucleation process are obtained. The activation
volume for nucleation is found to decrease by a factor of
1Y us the test tomperature decreases from -70°C (203K) to
-196°C (79K), The activation energics for nucleation at



dirrerent stress levels huve been calculated by applyling

the concept of thermally activated motion of dislocations,

Also, the activation energles for nucleatlon at difrerent

test temperatures (where no stress was applied) are culculated
froin the Olson-Cohen model. In most of the cases the calculated
and the observed actilvation energles are in good agreement.
The (¢/7) ratio 1s found to increase with the increasing

level of applicd stress at any test temperature., 1o |
calculated (e/r) agrees reasonubly well with the experimental
(e/T)y.

The efrect of prior plastilic strain of austenlte on
thie transformation kinetles and plate dimenusions huave been
studied at various plagtic strains from 0,00% to 0,05, For
any test temperature, the initial nucleation rate and the
autocatalytic purameter decrease, whereas the activation
energy for nucleation increases. At hipgher teuperatures, the
decrease in the initial nucleation rate or increase in the
activation enerygy 1ls more than at lower test temperatures,

By taking into account the increase in flow stress due to
work hardening at the corresponding test temperatures and
plastic stralns, the activation energiles for nucleation are
calculated with the help of the temperature dependence of the
activation volume, As before, the assumptlon is that the
nucleation of murtenslte involves a process of disloecation
motion, The calculated and the experimental activation

energles are in satisfactory agreement. The work hardened



matrix is found to restrict the growth of the martensite
plates. The (c/r) ratio decreases with the increasing degree
of prior plastic strain at any test temperature and martensitic
fraction. The (¢/r) ratio is calculated as a function of
prior plastic strain and test temperature by taking into
account the increase in the flow stress due to work hardening.
The calculated (¢/r) and the experimentally observed (c/T)y
valugs are found to be in good agreement,

Using three grain sizes 0.019 mm, 0,048 mm and 0,09 ma
(meun linear intercept), the effects of grain size on the
trans formation kinetics and plate dimensions have been studled,
Bothi the activation energy for nucleation and the autocatalytic
parameter are found to be independent of grain size at any
test temperature. This confirms that the autocatulytle
parumeter 1s uniquely related to the driving force, The
observed nucleatlion rates are found to increase by a factor
of 2~3 with increasing grain size from 0,019 mm to 0,09 mm,
At any reaction temperature and martensitic fraction £, the
fraction of the austenitic grains G@ partially transformed to
martensite increuses with increasing grain size. Also, for
any glven grain size and f, Gg increases with decreasing
reactlon temperature. At any test temperature, the extent of
plate assoclation (EPA) 1s independent of £ and grain size,
However, EPA 1s found to increase with decreasing test tempera~-
ture and in the presence of a superimposed elastic stress but

decreases in the prestrained austenite,
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