Characteristics of Lath Martensite:
Part Il. The Martensite-Austenite Interface

B.P.J. SANDVIK and C. M. WAYMAN

This investigation, using an Fe-20 pct Ni-5 pct Mn (wt pct) alloy, deals with the nature of the lath
martensite-austenite interface. For the first time the misfit dislocation structure associated with a
martensite interface has been observed experimentally. The interface consists of a single set of parallel
dislocations having Burgers vector a/2[111]panensic = @/2{011 ]uusenice- Relative to the austenite, the
observed dislocation line direction is [057], and the dislocation line deviates about 10 and 15 deg from
the pure screw orientation in the austenite and martensite, respectively. However, the dislocations are
in screw orientation on an atomic scale, although the interface step structure causes them to deviate
from the exact screw orientation macroscopically. The spacing of the interface dislocations varies from
26 to 63A. The observed interface dislocation array satisfies the requirements for a glissile interface,
which suggests that the dislocations are misfit dislocations which accomplish the lattice invariant shear

of the crystallographic theories.

I. INTRODUCTION

In spite of the great importance of the structure of the
martensite-parent interface in martensitic transformations,
very little experimental work has been done on such inter-
faces. Theoretically, two different kinds of dislocations may
exist in the martensite-parent interface."* One kind of dis-
location, termed secondary dislocation by Christian,' and
coherency dislocation by Olson and Cohen,? transforms the
parent lattice into the product lattice. The second kind of
dislocations accommodate the misfit between the parent and
product lattices, and in martensitic transformations they also
accomplish the lattice invariant shear needed to establish a
macroscopically invariant interface®* between the parent
and product lattices. These dislocations are termed primary
dislocations by Christian and anticoherency dislocations by
Olson and Cohen. In this paper we prefer to use the more
descriptive terms transformation dislocations and misfit dis-
locations for the secondary (coherency) and primary (anti-
coherency) dislocations, respectively. It is also considered’
that an irrational semicoherent martensitic interface must
consist of steps on adjacent close packed planes.

Since the misfit dislocations, contrary to transformation
dislocations, have the same properties as lattice dis-
locations, they can be studied using conventional trans-
mission electron microscopy techniques. This, of course,
requires the spacing of the dislocations to be within the
resolution of transmission electron microscopy. Although
transformation dislocations have been observed for bcc-
twins,® fcc-twins,” and the fcc — hep martensite trans-
formation,? they are not very likely to be resolvable for the
fcc — bee martensite transformation in Fe-alloys, because
calculations® show that the Burgers vector is small and the
dislocations are very closely spaced. Because of this, and
the fact that experimental information about misfit dis-
locations is more important than experimental information
about transformation dislocations, as far as calculations of
martensite crystallography using the phenomenological
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theories®* are concerned, we describe only the misfit

dislocations below.

An important property of martensite is that the martensite-
parent interface must be able to move conservatively. Ac-
cording to the simplest model, a martensitic interface
may consist of a single set of parallel misfit dislocations.>"
Conservative movement of the interface then requires the
Burgers vector of the dislocation to have a component
normal to the interface, except when the dislocations are
pure screws. When such an interface glides, the dislocations
accomplish the lattice invariant shear of the phenom-
enological theories.

More complex interface dislocation arrays also may com-
prise a semicoherent glissile interface.”'® One possibility is
that all dislocations are parallel, and have the same glide
plane, but different Burgers vectors. Another possibility is
that ail dislocations have the same Burgers vector, but glide
in different planes. The resultant shear produced by such
dislocation arrays then corresponds to the lattice invariant
shear. The latter approach, i.e., dislocations having the
same Burgers vector, but different glide planes, has been
criticized, ™ because such a case would require two or more
dislocation line directions to exist in the interface. From the
phenomenological theories®* it follows that the glide planes
in martensite and austenite meet edge to edge in the planar
interface along an invariant line, which must be the interface
dislocation line. Because there is only one invariant line,>*
it is difficult to understand how two or more dislocations in
different directions could glide.

A fault free martensite lattice can be produced by the
movement of the interface only if the interface dislocations
have Burgers vectors which are corresponding lattice vec-
tors in the martensite and parent phases.>"

Although misfit dislocations have never been observed
experimentally for martensitic interfaces, they have been
observed for many other phase boundaries, e.g., in the
interface between a-brass and B-brass," in the interfacial
structure of bee Cr-rich precipitates in an fec Cu-0.3 pet Cr
alloy,"” and in the interface between epitaxial islands of Cu
evaporated on thin films of Ni." From the point of view of
the present investigation, there is especially one work which
deserves mentioning, namely, the work of Cassidy er al" on
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the formation of hydrides in vanadium. The crystallography
of these hydrides is consistent with the phenomenological
theories of martensite formation, suggesting that the trans-
formation takes place by shear, but since the transformation
involves the diffusion of hydrogen, it must be considered
bainitic rather than martensitic. The spacing and the Burgers
vector of a single set of interface dislocations were consistent
with the phenomenological theories." Another interesting
work is that of Rigsbee and Aaronson” on the structure of
the interface between ferrite sideplates and austenite in an
Fe-28i-0.6C alloy. These investigators found a single set of
interface dislocations having a Burgers vector in the atomic
interface (111)¢ || (011), and one set of steps in the inter-
face. It was concluded that the sideplates may not form by
a shear transformation, since the Burgers vector of the dis-
locations lies in the atomic interface.

In the present investigation the main purpose is to obtain
information concerning the misfit dislocation structure of
the interface between lath martensite and austenite. Such
information would not only help to gain a better under-
standing of the general nature of martensite interfaces, but
also provide necessary input data concerning the lattice in-
variant shear for the application of the phenomenological
theories on the formation of lath martensite. The present
paper deals with experimental observations on the interface
structure, while the theoretically calculated interface struc-
ture is obtained in connection with the application of the
phenomenological theory as described in a later paper.

II. EXPERIMENTAL

The experimental equipment used in transmission elec-
tron microscopy has been described in the previous paper.®
Both kinds of specimen preparation techniques described in
Reference 16 were used in the present investigation.

Because of the commonly occurring close spacing of in-
terface dislocations, the resolution of conventional bright-
field transmission electron microscopy is usually too low
for the investigation of interface dislocation structures.
Significantly higher resolution can be achieved by the appli-
cation of the weak-beam dark-field method developed by
Cockayne." A detailed description of the application of this
technique on interface structures has been given by Rigsbee
and Aaronson."” These investigators estimated the optimum
resolution to be about 8A when a {110} ferrite reflection and
100 kV accelerating voltage are used. Due to the increase in
extinction distance, the resolution diminished when higher
order reflections were used. The weak-beam dark-field
method allows the analysis of Burgers vectors of disloca-
tions to be carried out using the conventional g+b = 0
invisibility criterion."”

Mainly two difficulties arise when the weak-beam method
is used, both of which are a result of the low intensity of
weak-beam images. First, correction of objective astigma-
tism is difficult, since the interface dislocations are fre-
quently difficult to detect on the screen of the microscope.
The astigmatism correction then has to be carried out on
coarser features, like dislocations in the martensite or in the
austenite. Second, the low intensity of the image usually
requires a long exposure time, and image drifting may di-
minish the quality of the photograph. This difficulty was
partly overcome by preparing a developing solution of
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Kodak HRP developer in the ratio 1:2 instead of the
conventional ratio 1:4. When this solution was used an
exposure time of 4 to 8 seconds was generally adequate.
Although this procedure causes a slight increase in the grain
size of the film, the benefit as compared to the use of long
exposure times is obvious.

III. RESULTS

A. General Observations

Figure 1 shows a weak-beam dark-field electron micro-
graph taken of a martensite lath in a matrix of austenite using
the reflection (110),.* It is seen that the same single set of

*In this paper all crystallographic information is given in terms of the
following variant of the austenite-martensite orientation relationship:
(111) ]| (011), and [101]; 3.9 deg from [111],.
parallel dislocations exists in the interface on both sides of
the lath. Local changes in the orientation of the interface
cause the direction of the dislocation line to vary slightly
from region to region, as seen at the side of the interface
marked A. For more than 30 laths examined, only one set
of parallel dislocations was found in the interface, except for
a few laths as those discussed in association with Figures 4
and 5. As will be shown later, all dislocations in the single
set of interface dislocations have the same Burgers vector.

The image contrast of the interface dislocations is very
sensitive to the diffraction condition. In contrast to the ex-
ceptionally thin lath in Figure 1, laths of normal thickness
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Fig. 1 — Weak-beam image obtained using the (110), reflection showing a
single set of parallel interface dislocations on both sides of a martensite
lath. Local changes in the dislocation line direction can be seen on the side
of the interface marked A.
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(~0.3 um) usually had to be tilted for separate examination
of the two sides of the lath.

Because an interface dislocation, like a line dislocation,
cannot end within a crystal, the dislocations probably
form loops around the laths. Figure 2 shows the interface
dislocation structure very close to a lath edge. Also, this
micrograph shows only one set of interface dislocations.
The dislocations at the arrow A are internal martensite dis-
locations, the projected images of which partly overlap with
the projected image of the interface. There are also some
local irregularities in the interface orientation, as indicated
by the arrows B. This figure shows that the martensite lath
edges may be rounded, i.e., the interface plane is succes-
sively rotated toward the lath edge. Since the martensite/
austenite interface also broadens toward the lath edge, the
interface plane is both curved and twisted.

Although it would be valuable to obtain detailed informa-
tion concerning the interface structure at lath edges, such an
investigation could not be carried out because it was impos-
sible to obtain good contrast from the lath edges. This is
obviously due to considerable elastic strain at the lath edges.
Nevertheless, since the dislocation structure close to lath
edges has the same configuration as that at the broad faces
of the laths, it is suggested that the dislocations form loops
around the laths.

Figure 3 shows a weak-beam image of a lath edge. The
morphology appears to be rather complex, and the edge of
the lath is segmented. In spite of the difficulty to obtain a
good image of lath edges, a single set of dislocations can be

'Ii)t)ﬂm

Fig. 2— Weak-beam image obtained using the (101), reflection showing a
single set of parallel interface dislocations at a lath edge. The arrows A
indicate internal martensite dislocations, while the arrows B indicate ir-
regularities in the interface.
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Fig. 3— Weak-beam image obtained using the (011), reflection showing a
segmented lath edge and a single set of parallel interface dislocations.

observed, and the dislocation lines appear to be continuous
with the dislocation lines farther away from the lath edge,
again suggesting that the dislocations form loops around
the laths.

An even more complex structure close to a lath edge is
shown in Figure 4, in which the interface dislocation lines
appear light. The spacing of the dislocations is rather irregu-
lar at some regions, and the direction of the dislocation lines
varies, indicating that the interface is not planar. The line
features having the direction [111], are probably internal
dislocations which have moved to the interface. An inter-
esting notion is that the projected width of the interface on
the lower side of the lath is much larger than the projected
width of the interface on the upper side of the lath. This
shows that the interface planes on the two sides of the lath
are separated by a wide angle. Such situations were not
observed at large distances from lath edges.

Figure 5 shows the interface of a broad side of a lath. In
addition to the very regular interface dislocation array, there
is also a set of irregularly spaced dislocations having the
direction [111],. These dislocations appear to be internal
dislocations which have moved to the interface.

Fig. 4— Weak-beam image obtained using the (OTl)b reflection showing
complex interface dislocation structure and line features having the direc-
tion [T11],.
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Fig. 5— Weak-beam image obtained using the (011), reflection showing
1 set of regularly spaced interface dislocations and 1 set of irregularly
spaced interface dislocations.

When interfaces are investigated, great care has to be
taken in order to distinguish interface dislocations from
moiré fringe patterns, which may appear very similar to the
image contrast of interface dislocations. The dislocations
investigated in this work are a reproducible feature of the
laths, and the same array of interface dislocations is always
found in different laths. Thus, laths could be studied in
various orientations, and the dislocations were imaged using
many different reflections without any change in configu-
ration. Figure 1 showed that the direction of the features
may vary with variations in interface orientation. This is not
typical of moiré fringe patterns. Another feature typical
of dislocations is that a dislocation may end into another
dislocation. The arrows in Figure 6 indicate interface

Fig. 6— Weak-beam image obtained using the (011), reflection. The
arrows indicate interface dislocations which terminate into internal mar-
tensite dislocations.
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dislocations which terminate into internal martensite dis-
locations at the left side of the arrows. Accordingly, it
appears to be quite clear that the observed structure is a
dislocation structure.

B. Determination of Burgers Vectors

In the determination of the Burgers vector, the correct
variant of the foil orientation could be determined from
the austenite-martensite orientation relationship'® and the
direction of the dislocation line described in the follow-
ing section.

Figure 7 shows the interface of a lath in a specimen
having an orientation close to [111], and [011];. The
micrographs in Figures 7(a) and 7(b) are taken using the
reflections (011), and (111);, respectively. Dislocations are
visible in both martensite and austenite, indicating that the
dislocations have a Burgers vector which is defined in both
phases. Figure 8 shows another lath in the same orientation.

Fig. 7— Weak-beam images of dislocations showing contrast in both mar-
tensite and austenite: (a) is taken using the (011), reﬂection_, and (b) is taken
using the (111); reflection. The foil orientation is close to [111], and [011];.
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Fig. 8 — Weak-beam images of interface dislocations obtained using the following reflections: (@) (101),, (b) (11T);, (¢) (110)y, and (d) (200);. The foil

orientation is close to [T11], and [011];.

Figures 8(a) and 8(b) are taken by the reflections (101), and
(111),, respectively. Again the dislocations show contrast in
both phases. In Figures 8(c) and 8(d), which are taken using
the reflections (110), and (200);, however, the dislocations
go out of contrast in both martensite and austenite.

METALLURGICAL TRANSACTIONS A

The micrographs shown in Figure 9 are taken using the
electron beam orientations [111], and [131],, and the reflec-
tions used are indicated in the micrographs. Interface dis-
locations are visible for the reflections (011), and (112),,
but invisible for the reflections (110), and (211),. This figure
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Fig. 9— Weak-beam images of interface dislocations obtained using the following reflections: (a) (0TL)y, () (110)s, (c) (T12)s, and (d) (21T),. The foil

orientation is approximately [T11], in (a) and (b) and [131], in (c) and (d).

demonstrates that the resolution is high enough to resolve
dislocations using {211}, type reflections. For the lath in
Figure 9 the interface dislocations were also visible when
imaged by the reflections (101),, (020),, and (121).
Figure 10 shows a lath photographed using the electron
beam orientation [101],. Interface dislocations are visible
for the operating reflection (121),, but invisible for the re-
flection (121),. The dislocations were also visible for the
reflections (011), and (101),. Finally, Figure 11 shows a lath
in a foil with the orientation [111],, The dislocations are
visible in Flgure 11(a), taken usmg the reflection (01 l)b and
invisible in Figure 11(b), taken using the reflection (101),,
The dislocations were also visible for the reflection (110),.
In summary, the dislocations are visible when imaged
using the reflections (011),, (101)y, (110)y, (020),, (112),,
and (121).,, and invisible when imaged using the reflec-
tions (101),, (110),, (121),, and (211),. This shows quite
uniquely that the Burgers vector of the dislocations
must be a,/2 [111],. There is only one set of resolvable
interface dislocations, and all dislocations have the same
Burgers vector. The reflection (011), || (111);, although con-
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tained in the [1T1] zone, could not be used for making
the dislocations go out of contrast, because the laths are
close to being edge-on when this reflection is present in
the diffraction pattern.

The Burgers vector analysis was not as complete in the
austenite as in the martensite. Only the reflections (111);,
(11T);, and (200); were applied (Figures 7 and 8). The dis-
locations are visible for the reflections (111); and (111);, but
invisible for the reflection (200);. This was confirmed for
several laths. Because the Burgers vector in the martensite,
a,/2 [111],, is a conventional bee lattice dislocation, also
the Burgers vector in the austenite may be expected to be a
conventional lattice dislocation, i.e., of the type a;/2 (110).
Since the dislocations are invisible for the reflection (200);,
the Burgers vector must be contained in the [100]; zone.
This zone contains only two close packed directions: [011];
and [011];. Because the Burgers vector a,/ 2 [011] should be
invisible for the reflections (1T 1)¢ and (11 1);, the austenite
Burgers vector must be a;/2 [011]. Thus, it is concluded
that the Burgers vector of the interface dislocations is
ay/2 [111] = a/2 [011];.
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Fig. 10— Weak-beam images of interface dislocations obtained using the
following reflections: (a) (12T), and (b) (121),. The foil orientation is close
to [101],.

C. Determination of the Direction of the Dislocation Line

The dislocation line direction was determined using con-
ventional trace analysis'® and at least four widely spaced
orientations. Only straight interfaces exhibiting straight dis-
locations were used for this purpose. Most of the specimens
used had the specimen surface orientation close to [111], or
[O11]¢, but also orientations such as [111], close to [101];
and [001], close to [001]; were used. The orientations {111],
and [111]; can be distinguished on the basis of the approxi-
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Fig. 11— Weak-beam images of interface dislocations obtained using the
following reflections: (a) (011), and (b) (101),. The foil orientation is close
to [111],.

mate dislocation line direction, but also on the basis of
the fact that the dislocations are invisible for the reflection
(110), close to (200);, but visible for the reflection (110),
close to (020);.

The trace analysis was performed by imaging the dis-
locations using a {110}, reflection, which lies as close as
possible to the approximate dislocation line direction. When
a reflection which lies close to the dislocation line direction
is used, the projected line direction changes more strongly
when the specimen is tilted, than when a reflection lying
almost 90 deg from the dislocation line direction is used.
Thus, the accuracy of the method is higher when a reflection
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Fig. 12— Determination of interface dislocation line direction: (a) weak-
beam image of interface obtained using the (011), reflection, (b) the corre-

sponding SAD-pattern, (c) weak-beam image of interface obtained using 1 fgl Olly II§,
the (011), reflection after tilting by an angle of 56 deg from the orientation o T
in (a) and (b), (d) the corresponding SAD-pattern, and (e) trace analysis of 576¢00 P

the dislocation line direction using the orientations [576);, [174];, [194];,
and [372]:.
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close to the dislocation line direction is used. The specimen
orientation was determined from high-order austenite zones
in the same way as in connection with the habit plane analy-
sis described in Reference 16. The results of one analysis
are shown in Figure 12. In this case the dislocations were
imaged using the reflection (011),, and the orientations used 100, TI0
were [576];, [174];, [194), and [372];, i.e., the total tilt b Mt
angle was 56 deg. Usually total tilt angles larger than (e)

372,0
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45 deg were used. In Figures 12(a) to (d) only the two
extreme orientations, [575]; and [372];, are shown. Because
of the large tilt angles required in order to achieve a reason-
able accuracy, the limited resolution allowed only local re-
gions of a lath, exhibiting rather large dislocation spacings,
to be examined.

In order to make the results more complete, another
method was also applied. The projection of the dislocation
line was determined in an orientation close to the untilted
condition, after which the habit plane of the lath was deter-
mined by tilting the lath edge-on as described in Refer-
ence 16. Thus, the true direction of the dislocation line was
obtained from the intersection between the habit plane
and the projection of the dislocation line.

The results of all analyses are summarized in Figure 13.
The experimentally determined habit plane,'® (575);, is also
plotted in Figure 13. The average dislocation line direction
is close to [057];. It then follows that the dislocation line
direction deviates by about 10 deg from the screw orien-
tation in the austenite, and by about 15 deg from the screw
orientation in the martensite.

Figure 14 demonstrates that both the Burgers vector and
the line direction of the dislocations are uniquely defined in
terms of the accurate variant of the austenite-martensite
orientation relationship. The foil orientation in Figure 14(a)
is close to [111], (Figure 14(c)) and the operating reflec-
tion is (011),. When imaged using the reflection (110),, the
dislocations are invisible (Figure 14(b)), indicating that the
Burgers vector is a,/2[111]. The accurate variant of the
austenite-martensite orientation relationship is obtained
when the lath is tilted to the orientation [lll]fH [011],
(Figure 14(d)). The stereographic representation of Fig-
ures 14(a) to (d) is shown in Figure 14(e). Analyses such as
that in Figure 14 were reproduced several times.

D. Determination of the True Spacing of the Dislocation

As shown by Howell et al,” the determination of the true
spacing of interface dislocations in tilted specimens is a

101,

experimental
dislocation
lines

ole
00l; 00l

Fig. 13 —Experimentally measured interface dislocation line directions for
13 different laths. The average dislocation line direction is close to [037];.
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rather complex procedure, which requires accurate knowl-
edge about parameters like the tilt component about the
normal to the foil/habit plane intersection. In order to avoid
experimental error arising from inaccuracies in these pa-
rameters, the true spacing of the dislocations was studied
using only untilted specimens.

In a case like that shown in Figure 8(a), where the foil is
essentially untilted, the true spacing (S,) can be obtained
using the formula S, = S, (sin’w/cos’0 + cos’w)"?,"”
where S, is the projected dislocation spacing, 8 is the angle
between the plane of the foil surface and the habit plane, and
w is the angle between the projected dislocation line and the
normal to the projected foil/habit plane intersection. For the
dislocations in Figure 8(a), which have a projected spacing
of about 35 A, a true spacing of 39 A is obtained since the
angle between the electron beam direction [111] and the
approximate habit plane normal [575]); is 27 deg. Seven
other cases of the same kind yielded true dislocation spac-
ings ranging between 26 and 63 A.

In Figure 15 dislocations are seen to lie almost perpen-
dicular to the foil/habit plane intersection in an untilted
foil. In this case the true spacing is equivalent to the
projected spacing. The average spacing of the dislocations
in Figure 15, which was the only observation of this kind,
is about 37 A.

Finally, an estimate of the true dislocation spacing can
be directly obtained by tilting the specimen to a position
where the electron beam direction is close to the habit plane
normal. Such a case is shown in Figure 12(a), where the
electron beam orientation [576]; is only about 5 deg from
the average habit plane normal [575];. The dislocation spac-
ing in Flgure 12(a) is about 58 A. For five other cases of this
kind spacings ranging from 41 to 57 A were measured. The
average result obtained by this method, however, is likely to
be an overestimate. Tilting the specimen to an orientation
close to the habit plane normal requires a rather high angle
of tilting for the foil surface orientations used, and only in
local regions of the laths, where the dislocation spacing is
comparatively large, can the dislocations be resolved. In an
event, true dislocation spacings ranging from 26 to 63 K
were observed. The average value obtained from all mea-
surements is 45 A.

1V. DISCUSSION

For the first time the misfit dislocation structure of a
martensitic interface has been observed experimentally. The
lath-martensite/austenite interface consists of a single set
of parallel dislocations, which all have the same Burgers
vector. This situation corresponds to the most simple theo-
retical model of a semicoherent glissile interface as de-
scribed by Christian.>'® Because no twins or stacking faults
were found in the lath martensite,® conservative movement
of the interface also requires the Burgers vector of the
dislocations to be corresponding lattice vectors in mar-
tensite and austenite.”'® The Burgers vector of the interface
dislocations a,/2 [111] = a;/2 [011], is in a close-packed
direction in both martensite and austenite, and the directions
[111], and [011]; are only about 6.6 deg apart according to
the experimentally determined orientation relationship.'®
This suggests that the Burgers vectors of the dislocations
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Fig. 14 —Determination of the line direction and Burgers vector of the
interface dislocations in terms of the particular variant of the orientation
relationship: (a) and (b) show weak-beam images obtained using the reflec-
tions (0T1), and (110),, respectively, for (c) a foil orientation close to
{111}, while (d) shows the austenite/martensite orientation relationship in
the [111];]| [011], orientation. The stereographic representation of (a) to (d)
is shown in (e).

are indeed corresponding lattice vectors in martensite
and austenite.

The final requirement in order for the interface to be
glissile is that the Burgers vector must have a component
normal to the interface, unless the dislocations are pure
screws. For the macroscopic habit plane close to (575); this
requirement appears to be satisfied, because the Burgers
vector is about 8 deg out of the habit plane. However,
832— VOLUME 14A, MAY 1983
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Fig. 15— Weak-beam image of interface dislocations lying perpendic-
ular to the foil/habit plane intersection and having an average spacing of
about 37A.

as pointed out by Christian and Knowles,’ an irrational
semicoherent interface must consist of steps on adjacent
close packed planes. Because the habit plane is close to
(111);, the broad surfaces of these steps must be (111). In
fact, Davenport®® has recently shown that the atomic
matching for a lath martensite habit plane very close to
(575); is much improved by introducing steps with the broad
surface (111);)/(011), and the step direction parallel to
[T01];||[111], in the habit plane. If that is the case, the
Burgers vector lies in the atomic habit_plane. From the
Burgers vector of the dislocations, a;/2 [011], it follows that
the complementary shear plane must be contained in the
[011]; zone. Since any plane contained in the [011]; zone
would intersect a step on (111); in the direction [011];, the
dislocations must be in screw orientation on an atomic scale
if such a step structure exists. Thus, because a step structure
with the broad surface of the steps parallel to (111)|| (011),
is likely to exist, the observed dislocations may be in screw
orientation on an atomic scale, although the step structure
causes the macroscopic (observed) dislocation line to appear
off screw orientation.

It is likely that the observed set of interface dislocations
is the only set of misfit dislocations. If there were another
set of dislocations having the same line direction as the
observed set, but a different Burgers vector, the density of
dislocations in a certain interface would vary, depending on
the reflection, when imaging is performed by using different
reflections. If the density of an actual second set parallel to
the observed set were beyond the resolution of the micro-
scope, the contrast of the observed set would also be altered.

The existence of a second set of dislocations having a
different line direction, but the same Burgers vector as the
observed set is, in principle, possible if the spacing of the
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dislocations is beyond the resolution of the microscope.
However, as it appears difficult to understand how an inter-
face dislocation could glide without being an invariant line,
along which martensite and austenite planes meet edge to
edge,' this possibility appears unlikely since there is only
one invariant line.>*

In summary, it is suggested that the observed single set
of dislocations is the only set of dislocations, which accom-
modate the misfit between the martensite and austenite
lattices, and accomplish the lattice invariant shear of the
phenomenological theories. If so, the conservative move-
ment of the interface requires the dislocations to be in screw
orientation on an atomic scale, although a step structure
having the broad surface of the steps parallel to (111); may
make the macroscopic dislocation line appear to be off
screw orientation.

In this paper we make no attempt to model the interface
on an atomic scale. A detailed description of the interface
structure will be given in association with the theoretical
approach in a later paper.

V. SUMMARY AND CONCLUSION

The structure of the interface between austenite and lath
martensite formed in an Fe-20Ni-5Mn alloy has been in-
vestigated. For the first time the misfit dislocation structure
comprising a martensitic interface has been observed experi-
mentally, and the conclusions of the investigation can be
summarized as follows:

1. The interface contains a single set of parallel dislocations
having the Burgers vector a,/2 [111}, = a;/2 [011];.

2. The macroscopic (observed) dislocation line direction is
close to [057];, and the dislocation line deviates by about
10 and 15 deg from the screw orientation in austenite and
martensite, respectively. The true spacing of the disloca-
tions may vary between 26 and 63A.

3. The macroscopic habit plane of the laths, which is close
to (575);, must consist of steps on (111); planes on an
atomic scale. It then follows that the dislocations must be
in screw orientation on an atomic scale, although the step
structure makes the macroscopic dislocation line appear
to deviate from the screw orientation,

4. The observed interface dislocation array appears to sat-
isfy the requirements for a glissile interface. This sug-
gests that the observed dislocations accommodate the
misfit between the martensite and austenite lattices and
accomplish the lattice invariant shear of the phenomeno-
logical theories.
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