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Martensite phases with the 9R or the 18R structure
have been found in many â-phase Hume-Rothery
alloys. In practice, the 18R (or 9R) stacking
sequence is hardly ever perfect, and a high density
of randomly distributed basal stacking faults are
often observed [1±4]. Apart from the basal plane
faults, the presence of other planar defects, such as
Type I or Type II, has been reported [5±10].
According to Lovey et al. [9], defects of Type I
and Type II are referred to as defects nearly parallel
with a plane that is crystallographically equivalent to
the habit plane (close to the (1 2 8) plane) or parallel
with the habit plane (close to the (1 2 8) plane),
respectively. These two indexes should be corrected
as (1 2 8) and (1 2 8) for Type I and Type II defects,
respectively, after reconsideration of the twin re-
lationships between variant A and variant C [11].
Due to the very low occurrence rate of the Type II
defect coupled to the stringent observation condi-
tions, it was dif®cult to perform an analysis by high-
resolution electron microscope, and the nature of the
Type II defect could not be known thoroughly on an
atomic scale. Until now, defects of Type I or Type II
have been ascribed to the growth process of the
martensite, and postulated that progressive nuclea-
tion and impingement (of the same orientation
variant) are involved in the growth process of a
martensite plate [9, 10]. In order to elucidate the
exact nature of Type I and Type II defects, a high-
resolution electron microscope investigation was
carried out. Unfortunately, we could not obtain a
distinct high-resolution image of a Type II defect in
several unstressed samples due to the stringent
observation conditions for the high-resolution elec-
tron microscope. But occasionally, we observed Type
II defect in a stressed sample. The interesting results
concerning the structural aspects of the defects are
reported and discussed here.

Cu-20.4Zn-5.6Al (wt %) alloy was prepared by
melting the elements (99.99%) in an induction
furnace. After homogenization at 850 8C for 12

hours, the ingot was rolled into sheets 1 mm in
thickness. The specimens were held at 850 8C for
10 min, quenched in boiling water, aged at 100 8C for
30 minutes, and then air-cooled to room temperature.
The transformation temperatures were determined by
calorimetry to be Ms � 78 8C, Mf � 40 8C,
As � 50 8C, Af � 86 8C. The specimens, in the form
of 1 mm 3 4 mm 3 200 mm plates, were deformed
in tension to the extent of 6 pct elongation in an
Instron-1186 machine at room temperature at a strain
rate of 4:1 3 10ÿ4 Sÿ1. The specimens were then
mechanically thinned to 50 ìm. Discs, 3 mm in
diameter, were then cut and electropolished using a
conventional electrolyte of HNO3: CH3OH � 1: 2 at
14 V and about ± 35 8C. Observations were made at
room temperature by a JEOL 2000EX II electron
microscope operated at 200 kV.

The typical contrast exhibited by the planar faults
following two orientations, as observed in this and
earlier investigations [9, 10], is shown in Fig. 1a. A
preliminary trace analysis (Fig. 1b) indicated that the
stacking faults lie on basal planes (0 0 1 8) and non-
basal planes (1 2 8). The majority of the faults did
not simply terminate in the matrix, but connected
successively from one to another. Similar to Adachi
and Perkins [10], this network-like structure reminds
us of the cross-slipping of dislocations bounding the
faults. According to the model of Otsuka and
Wayman [12], internally faulted martensites are
composed of partial dislocation loops with b � 1/
3[1 0 0] on every third basal, plus additional loops
introduced as a lattice invariant deformation or
simply as an error in stacking sequence. However,
partial dislocations of Burgers vector b � 1=3[1 0 0]
does not lie on both (0 0 1 8) and (1 2 8) planes
simultaneously, and thus are not allowed to cross-slip
from one to the other. Fig. 2 illustrates atomic
positions in the basal plane of the 18R structure.
Three equivalent slip directions that can produce
stacking faults are shown by Burgers vectors b1, b2,
and b3. The movement of a partial dislocation with
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Burgers vector b1 violates the atomic order, whereas
with b2 or b3, the number of like-atom neighbors is
increased and the order is therefore disturbed [10].
With respect to the problem of cross-slipping from
(0 0 1 8) to (1 2 8), through the following reaction
b2 � b3 � 1=12[2 3 0] � 1=3[1 0 0]! 1=4[2 1 0] �
bN, segments with Burgers vector lying on both
(0 0 1 8) and (1 2 8) can form.

Fig. 1c shows a high-resolution electron microscope
image of the (1 2 8) faults region, viewed from [2 9 2]
direction. Looking along the basal rows, it is possible
to detect a local bending (shown by arrows) crossing

the Type I defect. It is similar to the characteristic of a
screw dislocation, which may have Burgers vector
bN � 1=4[2 1 0]. The screw dislocation in the (1 2 8)
plane further extends into two partials, i.e., bN �
1=4[2 1 0]! b2 � b3 � 1=12 [2 3 0]� 1=3[1 0 0],
with a width of 3 � 5 atomic layers.

The presence of the Type I defect is undoubtedly
related to the martensitic transformation itself.
Because, according to the Frank criterion, the
reaction b2 � b3 ! bN is energetically unfavorable,
the process requires an activation energy. During
the growth process of martensite, the local stress ®eld
plays an important role in the dislocation reaction.

The conventional bright ®eld image shown in Fig.
3a reveals an interesting situation, which is occa-
sionally observed and may be relevant to the subject
of Type II defect. Different from the previously
observed situation [9, 10], this area is composed of
three variants of the same orientation. In this ®gure,
a stacking modi®cation has occurred along the trace
T, which is indexed (Fig. 3b) as nearly parallel to the
(1 2 8) A=C type interface in a stack of A and C
plates. This creates a situation in which three plates
of the same variant appear to be immediately
adjacent, with only the fault trace between them.

Fig. 3c shows a high-resolution image of the (1 2 8)
fault region. A thin slide of another plate variant
(about 30 atomic layers) exists between the same
variant. From the diffraction pattern, the existence of
a thin slice is also assumed. There are two sets of
diffraction spots, one is strong, which corresponds to
the matrix variant, and the other is weak from the
slice. So the matrix variant and the slice can be
indexed to be the relationship of plate A and plate C

Figure 1 Bright ®eld image (a) showing the basal plane stacking faults

and Type I defects, the corresponding electron diffraction pattern (b)

taken from the defect region, and high resolution image (c) showing

the ®ne structure of Type I defect in a martensite plate.
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Figure 2 Atomic positions in the basal plane. The Burgers vectors are

indicated. Open and solid symbols refer to the two respective atomic

species in the ordered structure.
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that usually exists in an alternating stack [4, 10]. The
so-called Type II defect is not a true (1 2 8) fault
internal to a plate, but a sandwich of variant C
between variant A in which the slice plate C is so thin
that it cannot be resoluble in conventional TEM. Just
mentioned by Lovey et al. [9] and Adachi and Perkins
[10], the long line of the Type II defect is conjectured
to be the impingement junction of two separately-
grown variants A, and a local requirement for self-
accommodation results in the appearance of variant C
because the variant C has its shear direction opposite
to that of variant A. The rare observation of a Type II
defect is attributed to the small probability of the
existence of so thin a slice, because, in general,
variant A and variant C exist together and grow
simultaneously due to the self-accommodation.

Due to the deformation, it is conjectured that the
thin slice may result from the deformation. But a
close inspection indicates that the slice has the same
width over a wide range. It is unimaginable that the
A=C boundary plane moves simultaneously and the
slice originates from a thick C plate. That is, the
slice existed before deformation and the deformation
only results in a contrast change on the boundary.
The present morphology is enough to describe the
situation in an unstressed state.

In conclusion, a Type I defect in 18R martensite in
a Cu-Zn-Al alloy is a dislocation extension zone
bounded by two partials with Burgers vectors
b2 � 1=12[2 3 0] and b3 � 1=3[1 0 0]. A Type II
defect is not fault internal to the martensite plate,
rather it is a stack of plate A and place C, just like
A=C type coupling in common TEM. The rare
observation of the Type II defect is attributed to the

fact that the slice is too thin to exist for self-
accommodation. Two kinds of defects are related to
the growth process of martensite.
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Figure 3 Two linear traces of an apparent stacking shift within a plate

along trace T (a) which is (1 2 8) and parallel to the adjoining

intervariant boundaries in the stack of plates, the corresponding

diffraction pattern (b), and high resolution image (c) containing a so-

called Type II defect.
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