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INTRODUCTION

ATST 4340 steel is o high-strenoth medium-carbon low-alloy steel used extensively in
the guenched and tempered condition. Its composition places it in the interesting
transitiocn regidn between the lath and plate morohological variants of martensite.
This region has not bean investigated in detail; generally; as in the case of AIST
4340, the microstructure has been interpreted in terms of mixtures of lath and plate
martensites (1).

However, the existence of lath martensite as a distinctly separate morphology has
recently been guestioned (2} in wiew of the fact that inter-lath retained austenite
Films have been detected in several directly quenched low-alloy steels (3).
Classicalley, such martensite refers to parallel formations of lath-shaped units with
the aggregate of parallel laths being termed the lath vacket. With this type of
martensite it is not entirely clear whether the individual laths constitute the
fundamental transformation unit or whether the packel as a whole represents the
transformation unit, with the individual laths being some form of inhomogenecus sub-—
structure {(4). In the fermer case the lath boundaries would constitute the habit
plane, whereas in the latter caseé these boundaries would represent a polygonised
disleocation arrangement linked with transformation strain.

The »resent work examines the microstructure in the transition region between the
plate and lath martensites using transmission electron microscopy.

EAPERIMENTAL

The alloy composition in the electro-slagq refined condition was:
£ Mii 51 b Cr Mo
.38 0,59 .37 2,89 0. 84 0. 60 wt. pct.

Far the purnoses of microstructural examination the alloy was hot worked to 3mm
diameter rod. Austenitisinc treatments were carried out with the specimens sealed
under & partial pressure of Argon in quariz tubes. These tubes were fractured befors
quenching the specimens into water.

ihin foil specimens lor transmission electron microscopy were prepared from O.25mm
dises slit from the heat treated 3mm vod under conditions of flood lubrication. Tha
discs were subsequently thinned and electro-polished in a twin-jet polishing unit
using a 23% glycerol, 5% serchloric acid and 70% ethanocl mixture at room temperature

and 53V, The folls were examined in a Philins EM300 transmission electron microscope
anerated at 100kV.

RESULTS AND DISCUSSION

Since the microstructure is a mixture of lath and plate martensites, it was possible
ta examine both morpholegies in their partially developed states.

Fig. la illustrates the typical lath martensite microstructure ohserved, with a
narallel formation of grain boundary nucleated dislocated laths exhibiting approxi-
mately the same c¢rvstallographic orientation in space. The small inter-lath mig-
crientations are more aoparent in the corresnmonding dark-field image, fig. 1lb. It
should be noted that the lath widths are of the order of 0.25um, as enxected for such
martensites (3). Fig. le shows a higher magnification image of the packet trans—
formation front normal to the major orowth direction. It was observed that the front
terminated in a distinctly jagged profile, with the lath boundaries gpinciding
exactly with the positions of the share troughs. ERetained austenite films, which
could be Imaged at packet and plate boundaries (fio. 1d) could not be found within
the lath packet.
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The absence of in. r-lath retained austenite, togetheér with the above morphological
ohsarvations, suggest that the lath packaet is the fundamental transformation unit.
Tf the laths themselves represented the basic martensite unit, the results would
hawve to be interpreted in terms of co-cperative growth of adjacently nucleated laths
in the same arystallograshic orientation) altheugh the driving force for such an
aventis unclear since the transformation displacements would be additive rather than
mutually compensating, as in the case of certain twin-realted low-alloy martensites

(6). 1If, on the other hand, the nacket delinsates the fundamental transformation
unit, the jagged transfoermation front can be visualised as a dedgenerate 'mlate'! tip -
the reasons for such a degeneracy will be disecussed later. ‘The lath boundaries could

then be attributed to ordered accommodation effects occurring at the troughs in the
transformation front. The nature of such effects has yet to be resolved but the fact
that they are only linked with the troughs and not with the esgually sharp peaks can
be understood since the advancing peaks are mainly surrounded by relatively soft
austenite. The latter would enable the relatively easier dissipation of accommeoda-
tion stralns compared with the case of the troughs which are essentially in an en-
vironment of martensite, due to their complementarv ceometry.

The above arguments were further validated when the tips of lenticular plates were
examined, fig. 2. Tt was found that these zlso had a jagged profile, exactly
similar to that observed for the lath packets. Furthermore, low angle boundaries
could he observed trailing from the troughs (arrowed in fig, 2b} although these were
net as clearly defined as in the lath packet of fig. 1. In many Instances the habit
glane traces of the macroscopic plates and lath packet plane traces were found to be
parallel within 7 given prior austenite grain, suggesting that the packet and plate
morphologies may be crystallograshically identical, although confirmation of this
would require a more detailed analysis.

It was found that at small austenite qrain sizes (100um following austenitisation at
11008¢ @ 5 mins) many of the plates were grain boundary nucleated and exhibited a
half-lens morphology, fig., 2a. On the other hand, when the spscimens were austeni-
tised at 1200°C for 130 mins to give an austenite grain size of 11CGum, most of the
plates were intra-granularly nucleated and exhibited a generally lenticular morpho-
logy with both tios having a jagoed formation, fig. Z2c.

It is considered that the jagged appearance of the transformation fronts arises due
to the enersetically unfavourable situation represented by the high interface
carvature (and associated departure of the interface plane from the habit plane) at
a monctonically tinmped plate. The situation would detericrate as the aspect ratio
of the plate decreased. Tt is nossible that an overall reduction in the amount of
relatively incoherent interface would follow if the singular tin degenerated into a
gseries of smaller tips to give a jagged front and reduce the amount of local inter-
face curvature. This phenemencn is somewhat analogous to the situatien that arises
in deformation twinning where the lens shane gives rise to higher energy (relative
tor the coherent twin boundary) incoherent twin boundary area.

The lath and plate mornheologies observed in the present work can be ratiomalised as
fral lows:

a) The lath packet would be nuolesated at the prior austenite grain boundaries at
temperatures. high in the martensite transformation range (Ms-HE). If the packet is
then considerad as a plate of low agspect ratio;, the results would be consistent with
the high Eormation temperature which would mitigate the strain enerdgy control of
morphology.  The high temperature of formation of the 'lath packet' would also be
censistent with the Fact that lath martensites are generally observed in steels with
high Ms temneratures.

b) Az the temporature decreases within the Me-Mf range, the strain energy control
of morpholegy would become more stringent and the aspaect ratio of the martensite
rplate is ewnected to increase. Thus we cbserve the distinctly lenticular morphol-
ogles of the grain boundary nucleated plates, an effect which is even more obvious
with the intra-granularly formed plates which probably form at the lowest of trans-
formation temneratures.

becasional twinning was cbhserved in some of the plates, fig. 3. Such twinning ex-
tended only partially across the plates and involved a single variant of the twin
plane. IL was observed that in the majority of cases the twing were associated with
adjacent twin related martensite plates. This can best be understood by cansidering
the twins az accommodation defects, since deformation by twinning would be scasiest
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when adjacent martensite units are twin related - this would remowve the necessity to
nucleats twins. It was also found that the 'lath packet' did not in general show
twinning, a fact which is consistent with their higher formation temperature, The
latter would favour slin relative to twinning deformation and the probability of
impingement would also be lower due to the low degree of transformaticn.

CONCLUSIONS

The morphology of the martensite in AISI 4340 steel has been rationalised and it
appears that the lath packet is in fact a fundamental transformation unit rather
than individual laths so that the former can be considered as a low aspect ratio
plate formed at the highest of martensite transformation temperatures. &An cbhserved
degeneracy in the plate tip is thought to be attributable to the need to minimise
the high interface curvature associated with a singularly tipped plate.
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Tlogure 3 al Bright Pleld Tmage:; b} Martensibke Matrix dark £field image:
dark Tield imacge.

i) Martensite twin

Figure 3 d) Corresnonding diffraction natiern
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