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SUMMARY

The dissertation describes a structural investigation
of the austenite™ferrite transformations in alloys based
upon Fe—IV-O.ZC,'and includes a detailed examination of
the martensite structure in this alloy. The conditions
under which fine grained ferritic structures may be pro-
duced by heat treatment, and an investigation into the
mechanical properties of these fine grained steels is also
reported.

Electron microscopy of the martensite structures
revealed thin films of interlath and interpacket retained
austenite. These films were shown to obey either a
Kurd jumov-Sachs or a NiShiyama-Wasserman'orientation rel-
ationship With the martensifé laths. The laths themselves
occupied a {110} martensite habit plane, and it was found
that groups of laths within a martensite packet were sepa-
rated by small angle boundaries, while the groups themselves
were often twin related.

The austenite to ferrite reaction was investigated
in the range 650°C-800°C, and it was found that the ferrite
nuclei were Kurdjumov-Sachs related to one or other of the
austenite grains at the prior austenite boundary. At low
temperatures growth was predominantly into the austenite
grain to which the ferrite was related and was accompanied
by the deposition of aligned vanadium carbide. The vana-
dium carbide was shown to be related to the ferrite by the
Baker-Nutting orientation relationship and the aligned

rows of precipitates were shown to occupy a {110} ferrite



habit plane.

The ferrite morphology was of an angular nature and
the aligned precipitates were found to be parallel to the
advancing ferrite interface. Work on a chromium-vanadium
steel showed that this interface was stepped and it was
concluded that growth occurred by a ledge mechanism. The
single habit plane selected by the precipitates was shown
to occur as a result of the threé-phase orientation rela-
tionships obeyed by the ferrite, austenite and vanadium
carbide at the interphase boundary.

- At higher transformation temperatures growth became
more predominant into the austenite grain to which the fer-
rite was not crystallographically related and was found to
be accompanied by precipitation-of fibrous vanadium car-
bide. It was concluded that the fibrous precipitation was
associated with an incoherent interface.

The formation of austenite from ferritic, bainitic
and marfensitic structures was found to occur exclusively
by a nucleation and growth process. At low degrees of
superheat nuclei were concentrated at prior austenite boun-~
daries in the bainite and martensite structures and at
grain boundaries in the ferrite structure. Intragranular
nucleation occurred at higher degrees of superheat. Nuc-
leation was found to be most profuse in the martensite,
followed by the bainite and finally the ferrite structure.

Austenite nucleated on ferrite grain boundaries was
found to be Kurdjumov-Sachs related to the grain into
which significant growth did not occur. Austenite nucle-

ated on sub-grain boundaries was found to be Kurd jumov-~



Sachs related to the surroﬁﬁding mafrix. Dissolution of
the vanadium carbide precipitates occurred at the advancing
austenite/ferrite interface followed by reprecipitation of
a coarser nature in the austenite, with a cube/cube orienta-
tion relationship.

By employing rapid austenitisation heat treatments
to directly transformed ferrite, grain sizes of approxi-
mately 5 pym were produced with a single cycle and approxi-
mately 3.5 pm using a multi-cycle treatment. Under optimum
conditions the impact transition temperature was reduced
by over 300°C and tensile strength levels of approximately

2

1600MNm “ were achieved.
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CHAPTER ONE

INTRODUCTION

This dissertation describes an investigation into
the transformation characteristics of alloys based on the
composition Fe-IV-0.2C. Such alloys have been used prev-
iously to study precipitation reactions in low alloy steels,
notably the so-called "interphase" precipitation reaction
(Batte and Honeycombe, 1973). The steel is particularly
suited to such investigations as the vanadium and carbon
are stoichiometrically combined and therefore, the struc-
tures isothermally transformed between approximately 65000
and 80090 are -void of pearlite and "clean" ferrite, and
consist only of ferrite grains bearing a dispersion of
vanadium carbide. Fufthermore, the volume fraction of
precipitate is particularly high, which facilitates exam-
ination of the dispersion characferistics.

The alloy also prévides a convenient means of com-
paring similar steels on a structural basis, in that by
adjustment of the initial heat-treatment conditions, it
is possible to produce structures consisting entirely of
ferrite, upper or lower bainite, or martensite.

Despite extemsive work on the morphological and kin-
etic aspects of the ferrite reaction as modified by the
in situ precipitation of alloy carbide in low alloy steels,
:(Davenport and Honeycombe (1971), Heikkinen (1973a/b),
Campbell and Honeycombe (1974), Edmonds and Honeycombe (1973)),
controversy remains as to the exact mechanism by which pre-

cipitation can occur. The alloy carbide has been shown to
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display either a fibrous mofphology or to be aligned'as
sheets of discrete precipitates. The precipitation occurs
as the ferrite/austenite phase boundary advances and as
such is a form of discontinuous precipitation. Therefore,
it is considered likely that the mechanism by which such
precipitate morphologies arise is closely associated with
the ferrite reaction itself and cannot be completely des-
cribed unless the mechanism of formation of the ferrite
phase is understood. This requires not only a morpholo-
gical and kinetic description of the reaction but also a
crystallographic one, as this identifies the nature of
the interphase boundaries and consequently the mechanisms
by which they are mobile. This was considered to be parti-
cularly important when examining these precipitation reac-
tions, as the alloy carbide has been shown to be precipi-
téted in close association with the interphase boundary
(Berry, 1968). Establishment of the orientation relation-
ship governing a reaction can only be achieved through
the preservation of the parent phase, in this case the
high temperature austenite. Traditionally this has been
effected by depression of the martensite start temperature
and stabilisation of the austenite using alloy additions.
However, this may influence the nature of the transforma-
tion, and to date, attempts to retain the parent austenite,
while sustaining an "interphase" type of precipitation
reaction, have proved unsuccessful (De Ardo (1972), Beaven
(1975)).

A number of alternative routes may be considered, in

that high temperature X-ray and electron diffraction tech-
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niques have been devised, whéreby crystallographic infor-
mation can be recorded as a transformation occurs. In
general these techniques suffer from poor resolution bec-
ause of difficulty in maintaining static conditions during
a phase transformation. Oxidation effects and varying
magnetic characteristics of the specimen also prove dis-
ruptive to high temperation, high resolution investiga-
tions. However, it has been shown that under certain
conditions, austenite may be retained in quenched marten-
sites, even in low-alloy steels (Thomas, 1973), although
a full morphological and crystallographic description has
not been documented. It was thought that a complete
characterisation of austenite retained in this way might
provide a means of studying the crystallography of trans-
formations occurring in low alloy steels. This is of
course dependant upon the ability to relate the orienta-
tion of the retained austenite to that.of the parent.
austenite.

The precipitation of aligned alloy carbides in
commercial ferritic steels has been recognised for some
time (Leslie, 1963), particularly in the area of control-
rolled steels, where carbide forming elements have been
used as a means of grain refinement yet are found to prov-
ide added increments of strength through precipitation of
fine alloy carbide dispersions. This has revolutionised
the production of rolled strip and plate in what are gen-
erally called micro-alloyed steels, but as yet, steels of
higher alloy content, strengthened by a similar mechanism,

have not been extensively studied or developed for commer-
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cial application. This may be due to the inferior tough-
ness behaviour of these steels compared to conventional
quenched and tempered structures. This results from the
high solution treatment temperatures, which are necessary
to dissolve sufficient alloy carbide to be precipitated

on retransformation. A large austenite grain size results,
which is inherited by the transformation product to give

a large ferrite grain size. In conjunction with the very
potent strengthening effect of the alloy carbide dispersion,
the large ferrite grain size results in poor toughness¥*,

However, if adequate toughness could be achieved,
directly transformed, heat treatable steels could have
many advantages over quenched and tempered brands. These
advantages lie mainly in the more direct processing route
to produce a ferritic structure strengthened by a fine
carbide dispersion. Conventional steels require a multi-
stage treatment involving:-

(i) A quench into water or oil from elevated temper-
ature. This induces severe thermal and transformation
strains and frequently results in the cracking of expensive_
components. Alternatively alloy additions can be used to
supress austenite decomposition by diffusional processes
and allow martensite structures to be produced on an air
cool. Such additions (e.g. Ni, Mn, Cr, Mo) are expensive

and usually require relatively large concentrations to

* Work is currently being carried out (Benson, 1977), to
investigate the possibility that the aligned nature of the
carbide dispersion itself may be deleterious to toughness.
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produce the required hardenability.

(ii) A tempering treatment to relieve some of the
internal stresses associated with the martensite struc-
ture, and to promote precipitation of a carbide dispersion.
This may involve lengthy heat treatments and can result in
embrittlement should the process be performed at an unsuit-
able temperature.

By careful control of the alloy composition, similar
structures and strengths can be achieved on either a con-
tinuous cool or by isothermal transformation. The advan-
tages of such a one stage treatment are very attractive
to the manufacturer as quench cracks and tempering prob-
lems are avoided while processing time is kept to a mini-
mum, and cheaper compositions can be employed.

The inferior toughness of directly transformed steels
is, however, a considerable hindrance to their widespread
application. A number of possible means of improving
this are available based on the established relationships
which describe the mechanical properties of steels. These
include either grain refinement or a reduction in the pre—
cipitation hardening component to strength. The latter
may be effected simply by reducing the volume fraction
of precipitate, but is the least favourable alternative
as although toughness is improved it is accompanied by a
decrease in strength. However, it is well known that a
reduction in grain size not only improves toughness but
also provides an added strength increment.

There are many possible means by which the grain

size may be reduced, some of the more successful methods
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involving thermomechanical treatment. This can be dis-
counted in the context of the present study as mechanical
deformation during the final stages of processing of a
heat treatable component would usually be inconvenient.
Other methods include the use of innoculants to increase
nucleation rates, and the pinning of grain boundaries
using stable precipitates. While these methods provide
useful means of reducing grain size, they have received
some attention in the past and so it was decided to con-
centrate on rapid heat treatment methods, where it was
thought that more dramatic reductions might be achieved,
and for which there is as yet limited data in the litera-
ture.

Traditional heat treatment cycles often bégin with
a slow rate of heating to the austenitising temperature,
followed by a prolonged soak. Grange (1971) attributes
this to poof furnace température control in former years,
where prolonged heating was necessary to avoid incomplete
reaustenitisation. However, such treatments eliminate a
powerful method of microstructural control in that the
characteristics of the austenite produced on heating can
influence subsequent austenite decomposition.

Development in furnace technology now enables far
greater temperature control and flexibility in heat treat-
ment cycles. Rapid heat treatment utilises this and
involves accelerated heating into the austenite range
followed by a short duration anneal. A fine grained aus-
tenite is produced and grain growth is kept to a minimum

prior to retransformation. The optimum conditions under



T

which fine grained structurés are produced will clearly

be related to the mechanism of austenite formation in the
particular steel. It is essential, therefore, that these
processes be understood before the full potential of rapid-

heat treatment can be realised.
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Chapter Two

The Occurrence of Retained Austenite in Some

Quenched Low-Alloy Steels

2.1 Introduction

The presence of retained austenite in quenched steels
has been known for some time (Menter, Tsou and Nutting,
1952), but it has received litfle attention in the area
of low-alloy steels. This is because volume fractions
are usually low, and consequently were not considered to
have any major bearing on the mechanical performance of
the steel. ﬁowever, more recent work by Thomas (1973)
has intimated that interlath films in quenched chromium
steels, have a beneficial influence on toughness, but a
complete characterisation of such'films is not given.

The alloy concentration necessary to retain austenite
is in fact very small, as demonstrated in the early work
of Menter et al. (1952) and Tsou, Nutting and Menter (1952).
They detected austenite as grain boundary films in quen-
ched a-iron using X-ray techniques.

It seems likely, therefore, that austenite may be
retained in a number of quenched low-alloy steels, and the
work reported in this chapter attempts to examine this more
closely. A more thorough understanding of this phenomenon
of retained austenite was considered necessary for the fol-
lowing reasons:

(1) The only way by which a phase transformation can be

completely described, is through the establishment of the
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orientation relationships géverning that reaction. 1In
the case of the austenite to ferrite or the reverse fer-
rite to austenite reactions, this necessitates the reten-
tion of the high temperature austenite phase. It has
proved unsuccessful to effect this through austenite
stabilisation using alloy additions and a possible solu-
tion to the problem may be by the retention of interlath
austenite. |
(ii) The processes involved in the reaustenitisation of
nartensite are not clear as there is some controversy
over the mechanism of nucleation of the austenite. The
occurrence of retaineéd austenite may well influence this,
and could depend on the thermal stability of interlath
austenite films.

(iii) Thomas (1973) has suggested that toughness may be
improved by the pnesence of austenite as interlath films.
In order to optimise toughness by this phenomenon, the
factors influencing austenite retention must be clearly

defined.

2.2 Commercial Significance and Detection of Retained

Austenite

Work on the influence of retained austenite on the
mechanical properties of low-alloy steels is limited.
Thomas (1973) describes the presence of retained auste-
nite as a "special effect" and suggests that it may con-
tribute to the high toughness values associated with
quenched chromium steels. The mechanism by which this

improved toughness is obtained is not reported by Thomas.
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Work by Seal and Honeyéombe (1958), also on chromium
steels, notes the absence of embrittling interlath car-
bides on tempering, and attributes this to the presence
of stable films of retained austenite up to 400°¢.

In high-alloy steels, however, where large quantities
of retained austenite may be present, much industrially
orientated research has been carried out. These studies
centre largely on the influence of retained austenite
upon the mechanical performance of the steel. Problems
can arise due to the thermal and mechanical instability
of the austenite. A 4% volumé expansion accompanies any
subsequent austenite decomposition and as a result, very
high localised stresses may be generated, possibly induc-
ing microcracks in a service component over a number of
years or under conditions of shock loading.

Work has beeﬁ cérried out particularly in the area
of fatigue, where retained austenite may have a consider-
able influencé on the advancement of fatigue cracks. The
mechanisms involved, however, are not well understood and
results often conflict. For instance, it is cited by
Debuyschere (1975) that the fatigue life of a 0.2C-Cr-Ni
steel is drastically reduced by the presence of retained
austenite. However, work by Yajima, Miyazaki, Sugiyama
and Tenajima (1974), on the fatigue life of ball bearing
steels, suggests that retained austenite can have a bene-
ficial effect, in some instances, by blunting the advancing
crack tip. They point out that the fatigue process in the
presence of retained austenite, is a complex one and it

seems likely that the stability of the retained austenite
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and the operating stress syétem are important parameters.

Because of the influence of the retained austenite
on mechanical behaviour, it is necessary to be able to
detect its presence and also to measure accurately the
volume fraction present. The most comﬁon methods employ
X-ray diffraction, although magnetic measuring techniques
also exist, which are more rapid but less sensitive.

Early X~-ray determinations of retained austenite
(Gardner, Cohen and Antié, 1943) analysed relative peak
heights as a measure of intensify, relating this directly
to the volume fraction of austenite in the steel. This
method is subject to large errors, however, as the mor-
phology of the austenite can lead to peak broadening and
a reduction in peak heights. A more accurate method,
reviewed by Miller (1964), employs measurements of the
area un@er the peak, or integrated intensity.

'Aé Miller indicates, all X-ray methods are subject
to inaccuracies caused by preferred orientation or texture,
and a range of angles must be scanned in order to estab-

lish if such inaccuracies are .present.

2.3 Scope of Chapter

The retention of austenite in low-alloy steel appears
to be closely related to the mechanism of martensite form-
ation and hence its subsequent morphology. The literature
relating to plate and lath martensite has therefore been
reviewed in sections 2.4.1 and 2.4.2 respectively. The
section on plate marfensite_is included, as some pafal-

lels can be drawn between martensite formation with plate
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and lath morphologies. Section 2.5 deals with theories
which attempt to explain the retention of austenite in
terms of the characteristics of the martensite reaction.
The results and discussion of investigations on quen-
ched, low-alloy, vanadium bearing steels are presented
in section 2.6.
Section 2.7 provides a summary of the chapter and

includes.conclusions of the results where applicable.

2.4 Titerature Review

Steels cooled from the austenitic condition fast
enough to avoid decomposition by diffusional processes,
transform to martensite at low temperatures by a process
of formative shear. The reaction involves the co-operative
movement of atoms over small distances and has been des-
cribed by Christian (1965) as a "militafy transformation".

Two distinct types of martensite have been shown to
exist depending largely upon the chemical composition of
the steel, particularly the carbon content. These will

be conaidered separately.

2.4.1 DPlate Martensites

High carbon martensites are typically platelike in
shépe and incorporate a heavily twinned substfucture,
(Kelly_and Nutting, 1960). . These twins lie on {122hf
planes and provide effective barriers to dislocation
movement, as few slip systems are operative on both sides
of a twin boundary. This has been shown to result in an

increase in strength but a decrease in both ductility and
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toughness, (Kelly and Nuttiﬁg, 1961; Das and Thomas,1969).

Plate martensites can be further subdivided into those
exhibiting the Kurdjumov-Sachs, (K-S), (1930)* and those
exhibiting the Greninger-Troiano, (G-T), (1949) orienta-
tion relationships. Mehl and Van Winkle (1953) showed
that plates formed at lower temperatures tended to obey
the G-T relationship and occupy a {259}Y habit, while
higher temperature transformations favour the K-S rela-
tionship with a {225}, habit.

As a consequence of the many available habit planes,
plate martensites often appear as an interlocked arrange-
ment of lenticular plates although under certain condi-
tions the plates may accommodate the shear stresses asso-
ciated with the reaction and form co-operative arrangements,

(Maksimova and Nikonorova, 1955).

2.4.2 Lath Martensites

Low carbén martensites, in contrast to plate marten-
sites, have a less random appearance both optically and
in the electron microscope. This is attributed to the
grouping of the basic martensite units into what are usu-
ally described as packets (Marder and Marder, 1969),
although other terminologies such as blocks, sheaves or
bundles have been used.

The basic martensite unit, from which the packets

are comprised, has been described using many terms, for

* Stereograms describing all the orientation relation-
ships used in this thesis are given in Appendix II.
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example, needles (Kelly and‘Nutting, 1960), cells (Speich
and Swann, 1965), platelets (Marder and Krauss, 1967).
However, it is now generally agreed that the unit is so
shaped that if‘a, b and ¢ are the principal dimensions
then a>>b>c and that the unit be termed a lath (Krauss
and Marder, 1971). |

The mechanism of nucleation and growth of the laths
to form complete packets it not well understood, largely
becéuse the speed of the martensite transformation in low-
alloy steels hinders effective partial transformation
studies. However, work by Krauss and Marder (1971) on
an Fe-2% Mo alloy, isolated two specific growth modes by
the use of hot stage cinephotomicroscopy. These were
found to be:

(i) The independent nucleation of laths within one pac-
ket with parallel growth directions. The intervening
austenite then transforms by the nucleation and growth

of further parallel sided laths to consume the remaining
austenite and form the packet.

(ii) The repeated nucleation of laths adjacent to those
already formed. The packet thus forms by the successive,
sideways nucleation of laths until impingement with other
packets restricts its further develorment.

A prior austenite grain thus transforms to many pac-
kets of martensite of various orientations. Adjacent
laths within any one packet tend to be misorientated to
some degree although regions of high dislocation density,
with no apparent lath structure, have also been observed,

(Chilton, Barton and Speich, 1970).
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Electron microscopy stﬁdies of the relative orien-
tations of adjacent laths within single packets have shown
that three specific types of interlath boundary can be des-
cribed:

(1) Adjacent laths are separated by high-angle boundaries;
(ii) Adjacent laths are separated by low-angle boundaries;
(iii) Adjacent laths are twin related.

Speich and Swann (1965) explain this in terms of
adjacent laths occupying the lowest strain energy config-
uration. They propose that the laths occupy the particu-
lar K-S orientation which results in'the minimum shape
change, and that by selection of different variants in
adjacent laths, all three of the above types of interlath
boundary can be created as shown below.

If the K-S orientation relationship is applied to '
the austenite/martensite transformation one possibility
is that:

(lll)Y //(011)y

From this it is possible to generate six variants
of the relationship by choosing the two different <111y
directions that lie in the (11l)y plane:

(a)  [1al, 7/ 11y
(®)  [aly // [ﬁﬁ]«z
(e)  [Goily /7 Fi1lg
(@) [rotly 7/ il
(e) oty // [iT1)g
£) Doty /7 frilg
In the same way, six variants are associated with

the other three equivalent {lllfy planes to give a total
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of twenty-four variants. By taking the variants in pairs
it is possible to generate either high-angle, low-angle
or twin boundaries as shown in table 2.1.

From the table it is evident that if adjacent laths
occupy different K-S variants on a purely random basis,
then analysis should reveal 20% to be separated by low-
angle, 60% by high-angle and 20% by twin boundaries.
However, Speich and Swann (1965) produced evidence that
adjacent laths were often found to be twin related (or
within 5 degrees of a twin variant). Work by Biswas and
Codd (1968) on Fe-N martensites supports the work of Speich
and Swann in that they also found twin variants to be a
common occurrence.

A more quantitative approach was adopted by Chilton
et al.(1970) working on an Fe-20Ni-C martensite. Com-
paring experimental data with the expected incidence of
high-angle, low-angle and twin bouhdaries, as shown above,
they investigated the possibility of certain K-S variants
being favoured. This might be expected if adjacent laths
had a tendency towards self-accommodation, that is, form-
ing with an orientation which minimises the nett homogen-
ous shears introduced during transformation.

Keliy (1965) showed that twin related variants have
shears of equal magnitude, but opposite sign, and hence
it might be expected that an increased incidence of twin
related laths would be observed. The,work of Chilton et
al. (1970) shows? that evidence for this is inconclusive.
Recent work by Bozic and Iumcic (1977) has also shown that

‘there appears to be no tendency towards predominantly
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twin related laths in a numﬁer of Fe-As alloys.

Other work has found no evidence at all of twin rel-
ated lathé. Goodenow and Hehemann (1965), working on
similar Fe-Ni alloys to those used by Speich and Swann,
described comparable lath morphologies but found no evi-
dence of twin related laths. Their results suggést that
laths within any one packet are separated by low-angle
boundaries. Purther work by Marder and Krauss (1967)
on a 0.2% plain carbon steel, also demonstrated that the
majority of laths were separated by low-angle boundaries
and that twin related laths were not seen.

In general, the apparent absence of retained austenite
in these steels has precluded the establishment of a com-
plete crystéllographic description of the austenite/marten-
site reaction. This is necessary if the controversy con-
cerning lath.misérientations is to be resolved unambigu-
ously. | ‘ |

As described earlier, much work on the relative orien-
tations of laths within a packet suggests that the laths
obey the K-S orientation relationship with the austenite
(Speich and Swann, 1965). However, work by Owen, Shoen
and Srinivasan (1970) disputes this, as they claim that
electron diffraction techniques are not of sufficient
accuracy to resolve the small differences between the
Kurdjumov—Sachs (1930) and Nishiyama (193%4)-Wassermann
(1935), (N-W), orientation relationships. They performed
experiments on a single crystal of an Fe-Ni binary alloy
where the nickel content of the crystal varied between

4% and 28% along its length. A single crystal diffracto-
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meter was then used to examine the crystal after quenching
to produce regions of martensite, austenite and a region
where austenite is retained between the martensite laths.
This revealed evidence which was inconsistent with the
martensite adopting the K-S relationship, but which gave
good agreement when analysed in terms of the N-W relation-
ship. Twin variants are not possible with the N-W rela-
tionship and hence they claim the work of Speich and Swann
(1965) to be untenable. However, twin related laths have
been observed by a number of workers and so it seems likely
that neither orientation relationship is obeyed in all

cases,

2.4.%3., Habit Plane and Major Growth Direction

In plate martensites, the habit plane can be deter-
mined in terms of either the martensite or the austenite
crystallography because of the abundance of retained aus-
tenite. |

The habit plane in lath martensites can normally
only be related to the martensite crystallography because
of the apparent general absence of retained austenite.

A number of investigators have used single surface trace
analysis to show that lath martensites occupy a {lth{
habit plane (Kelly and Nutting (1960), Biswas and Codd
(1968), Chilton et al. (1970); Krauss and Marder (1971),
Bozic and Lucic (1977)). Assuming the martensite obeys

a K-8 or N-W relationship with the parent austenite, then

the lath will form with a {111}, habit plane.



-19-

Similar work has.attemﬁted to define a major growth
direction for the laths, also using single surface trace
analysis. Results have been interpreted in terms of a
<{111>¢ major growth direction although this requires
assumptions concerning the basic lath morphology which
may not be justified. This aspect of the work will be

investigated more thoroughly in Section 2.6.

2.5 Theories of Austenite Retention

At room temperature austenite will be retained in
steels under specific instances:
(i) 1If the Mf temperatﬁre of the steel has been depres-
sed by alloy additions to below room temperature, a ther-
modynamically stable volume fraction of austenite will be
present.
(ii) If the Mf temperature is above room temperature, but
the thérmodynamic driving force is insufficient to trans-
form any remaining austenite to martensite. |

The ability to propagate a martensite plate or lath
through the austenite depends on two factors: the magni-
tude of the thermodynamic driving force; and the resis-
tance of the austenite tohtransformation. The driving
force will be a function of the temperatﬁre difference
between the quenching medium and the Ms and Mf tempera-
tures.
| ‘Studies of the resistance of the parent austenite to
transformation have been carried out by Davies and Magee
(1971) who show that the ease with which the austenite

transforms is a function of the relative flow stresses
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of the austenite and the maftensite. They conclude that
variations in these relative values could be effected by
alloy additions and suggest that this may influence habit
plane selection.

Mechanical stabilisation of austenite has been shown
to occur as a result of the shape and volume changes asso-
ciated with the formation of a martensite unit (Yershov,
1973). In the early stages of transformation, austenite
adjacent to a martensite lath is subjected to tensile
coherency stresses. However, as the reaction proceeds,
the stresses become compressive owing to the constraint
of the martensite frame on any remaining austenite. This
can inhibit further martensite formation.

A further consideration regarding the transformation
of small amounts of austenite is the energy considerations
associated with the creation of further boundary surface.
AThe reaction will become iess favourable as the units of
transformation become smaller, because the surface area to
volume ratio increases as the size decreases. In the later
stages of transformation, the introduction of a small mar-
tensite unit will be accompanied by the formation of a
relatively large amount of boundary surface. The free
energy for the reaction will thus decrease until it is

insufficient to propagate the reaction further.

2.5.1 Application to Plate Martensites

| Austenite retention in plate martensites can be
explained in terms of two main factors:

(i) The high solute concentrations associated with steels
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exhibiting a platelike martensite structure results in a
lowering  of the Ms and Mf temperatures. Thus, on quench-
ing, the thermodynamic driving force for the reaction may
be insufficient to complete the transformation.
(ii) Fisher (1953) investigated the mechanism and kinetics
of the nucleation of martensite plates within individual
austenite grains. He observed that as the martensite
plates formed, they tended to partition the austenite into
increasingly smaller units. Plates formed early in the
reaction are therefore larger than those formed at a later
stage. As the regions of remaining austenite decrease in
size then the constraining influence of the surrounding
martensite frame increases, inhibiting any further shape
or volume change. The creation of smaller martensite units
as the reaction proceeds also increases theAsurface area
to volume ratio, -hence becoming energetically less favour-
able. ‘ |

Fisher's approach to nucleation in plate martensites
is shown by Magee (1970) to be an oversimplification.
Magee shows that martensite plates are not necessarily
randomly nucleated but tend Fo cluster to some extent, as
the shear stresses introduced during the formation of one
plate may encourage the nucleation of a plate nearby.

This phenomenon is termed autocatalysis.

2.5.2 Application to Lath Martensites

Some of the principles governing austenite retention
in plate martensites can be extended to lath martensites,

in that the mechanisms governing transformation are sim-
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| ilar. However, in contrast to plate martensites, which
display a structure of interlocked plates, lath martensites
consist of impinging packets, each packet containing many
parallel laths. From the work of Thomas (1973) it is evi-
dent that any retained austenite is present as interlath
films. This suggests that the processes by which the
austenite is retained is more closely associated with the
mechanism of the martensité transformation itself.

The very presence of interlath austenite suggests
that individual martensite laths grow into the prior aus-
tenite grains to leave regions of untransformed austenite
between them (Krauss and Marder, 1971). If this situation
is assumed to exist, where a region of austenite separates
two martensite laths of similar orientation, then the
conditions under which the remaining_austenite will trans-
form can be considered.

Owing to the shear nature of the martensite trans-
formation, the austenite adjacent to a particular marten-
site lath will be subjected to a shear system which is |
equal and opposite to that associated with the formation
of the lath. Kelly (1965) has shown that twin variants
have sheér components which have equal magnitude but
opposite sign. Bhade%&a (1977) has pointed out that-the
formation of a twin related martensite lath would therefore
provide complete self-accommodation of the transformation
shears and appears to be a favourable condition for the
transformation of the interposed austenite. The fact
that a number of workers have observed twin related laths

(Speich and Swann (1965), Biswas and Codd (1968), Chilton
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et al. (1970), Bozic and Imcic (1977)), yet have not
reported the presence of retained austenite, gives some
credence to this theory.

For twin related variants td be possible it is nec-
essary that the martensite laths obey a K-S orientation
relationship with the austenite, as twin variants are not
permitted if the operating relationship is N-W. This has
led Bhadesia (1977) to suggest that austenite will only
be retained when the N-W relationship is operating and
hence the formation of twin related laths is not possible.
This would otherwise necessitate the formation of marten-
site units at an angle to the major growth direction of
the existing laths, if self-accommodation was to occur.
These units would be extremely small and hence have a
high surface area to volume <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>