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Abstract. The fine structure of martensites instep-quenched Cu~17.4 at.% Zn-13.0 at. % Al
alloy has been observed using high-resolution electron microscopy. It has been found
that, besides the 18R, martensite occurring most frequently, there exist also 6R and 2H
martensites in local regions. Stacking faults, extended dislocations with Buegers vector
1[210]4r and basal plane twins have also been observed in 6R martensite. The planarity and
coherency of the (2,0, 20} 4, A-D twin boundary of 18R martensite are much less than
those of the {128) 3, A-C twin boundary. Edge dislocations, whose Burgers vector has a
component in the [001] g, direction, have been observed near the (2, 0, 20) gz, boundary.

1. Infroduction

The formation of multiple martensite variants after martznsitic transformation by cool-
ing and the ease of the migration of the intervariant interfaces and the parent-martensite
interfaces play a key role in the shape memory effect (SME) (see, e.g. the review article
in [1]). Therefore, much attention has been paid to the observation of the fine structure
of the interfaces in shape memory alloys (sMAs).

Sinclair and Mohamed [2] observed for the first time the parent-martensite interface
in the smaA NiTi by using the lattice-imaging technique of high-resolution electron
microscopy (HREM) and found that the parent and martensite phases are fully coherent.
Fukamachi and Kajiwara [3] observed the intervariant (114),, interface of the 9R
martensite in Cu-33.40 at.% Zn-1.58 at.% St sma also by using the lattice-imaging
technique of HREM. They showed that the boundary is coherent except at the places
where stacking faults exist. Knowles [4-6] and Knowles et al [7] observed the structure
of the parent-martensite interface, transformation twin and intervariant interfaces in
Ni~Ti, Ti~5 wt% Mn and Au—47.5 at. % Cd alloys using HREM. They showed that the
parent-martensite interface in the Ti-5 wt% Mn alloy can be effectively considered to
be coherent, that there is evidence for the step and ledge structure of twin interfaces in
Ni-Ti, Ti-5 wt% Mn and Au—47.5 at.% Cd alloys. At the same time, Cook et a/ [8, 9],
Stobbs [10] and Adachi and Perkins {11] observed both (128)55, = (119)9z and
(2,0,20) 4z, = (2,0, 10)gp intervariant boundaries of the Cu~Zn-Al martensite by
using HREM. They found that the A-C boundary is a straight coherent twin boundary
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matching exactly the (128),4r, = (114)4p planes, and the A-D boundary, although
generally planar and nearly parallel with (2, 0, 20) 4r, = (2,0, 10)og plane, has a tend-
ency to wander and form curved segments. Recently, Lovey and co-workers [12-14]
discussed the influence of crystal orientation on the HREM image and observed the
(121)y-type twin interface of 2H martensite and (128) ;gg, -type twin interface of 18R,
martensite in Cu—Al alloys and the parent-martensite interface in Cu-Zn-Al alloy.
They found that these boundaries are quite coherent in spite of the existence of stacking
faults in martensites. Moreover, the so-called parent-martensite interfacial dislocations
with Burgers vector 4{001], as reported by Tadaki ef af [15] in Cu-AlJ-Ni alloys studied
by using conventional transmission electron microscopy (TEM), were not observed.

According to the phenomenological theory of the martensitic transformation, an
appropriate basal plane stacking fault density in 9R or 18R, martensite is needed to
obtain an undistorted habit plane (see, e.g., [1, 16]). HREM observations of stacking
fauits in 9R and 18R, martensites [3, 9, 10, 12, 16-18] revealed the existence of the
face-centred cubic (FcC) (a-type) and the hexagonal (B-type) stacking faults and the
agreement between the observed stacking fault densities and those needed from the
phenomenological calculations. It was found that the stabilized alloy possesses a tend-
ency to form cubic-type stacking faults [9, 10]. Neither the simple shear-type fault nor
the twin-type fault [19] was identified positively by HREM [9, 10, 16]. Moreover, the
nature of the so-called type I defect discovered by Andrade et al [20] was identified to
be boundaries between two differently stacked martensite parts [12, 17] or a stacking
fault ptane [11].

The crystal structures of martensites in § Hume-Rothery alloys are long-period
stacking-order structures [1]. The Cu~Zn—-Al martensites are 9R (or 18R ) type when
formed by cooling and 9R (or 18R} and 3R (or 6R) types induced by an external stress
[1,21]. Itisexpected that martensites other than type 9R (or 18R ) may existin quenched
Cu~-Zn-Al alloys because of the polytypism of the long-period stacking-order structure
and the possible thermal and transformation stresses, at least in local regions of a
specimen. Indeed, Wang et af [22] found 12R, 6R and 2H martensites besides 18R,
martensite in quenched Cu-Zn-Al alloys mainly by using the selected-area electron
diffraction technique.

In the present work we have observed the fine structure of the quenched Cu-
17.4 at.% Zn-13.0 at.% Al martensite using HREM. The fine structures studied are (1)
the structure types of the martensites in local regions, (2) twin, stacking fault and
extended dislocations in 6R martensite and (3) (2, 0, 20) g, intervariant boundaries in
18R, martensite.

2. Experimental method

Cu-17.4 at.% Zn-13.0 at. % AlsMa was melted using raw materials of industrial purity.
Samples were solid solution treated at 1073 K for 5 min, quenched into an oil bath at
433 K for 4 min and then quenched into cold water. The transition temperatures of
such samples are M, = 388K, M, = 325K, A, = 349K and A; = 404 K. TeM foils were
prepared from plate specimen first by chemical thinning at room temperature in a
solution of 1:4:5 HCl: HNO;:H;PO, and then by twin-jet electropolishing in a D2
solution at room temperature. HREM observation has been conducted using a JEOL
4000EX electron microscope equipped with 2 top-entry goniometer stage and operated
at 400 kV. Although the most appropriate orientation for observing the basal plane
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Figure 1. Martensite structures projected along [010] direction: (a) 18R,; (8) 6R; (¢) 2H; (d)
basal plane.
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Figure 2. HREM image along the [010]) zone axisshow-  Figure 3. HREM image along the [010] zone axis show-

ing the 18R, martensite in step-quenched Cu-  ing a local 6R martensite in step-quenched Cu-
17.4 at.% Zn-13.} at.% Alalloy. 17.4 at. % Zn-13.0 at. % Al alloy.

stacking sequence of the long-period stacking order structure is [210],4g, or [210] 18R,
zones in the 18R | martensite coordinate system [18] an [010],¢r, zone has been used in
the present work for studying the fine structure of the (2, 0, 20) gg, intervariantinterface.

3. Results and discussion

3.1. Polytypism of the long-period stacking order martensite

Figures 1(a), (b) and (¢) show martensite structures of 18R |, 6R and 2H types, respect-
ively, transformed from the D0; ordered parent phase and projected along the [010]
direction with the basal plane shown in figure 1(d). Most of the HREM image consists of
a white dot pattern as shown in figure 2 which corresponds to a 9R- or a 18R -type
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Figure d. HREM image along the [010] zone axis show-  Figure 5. HREM image along the [010] zone axis of the
ing a local 2H martensite in step-quenched Cu-  6R martensite in step-quenched Cu-17.4 at.% Zn-~
17.4 at.% Zn-13.0 at.% Al alloy. 13.0 at. % Al alloy, showing a stacking fault.

Figure 6. HREM image along the [010] zone axis of the 6R martensite in step-quenched Cu-
17.4 at.% Zn-13.0 at.% Al alloy, showing an extended dislocation PQ with Burgers vector
i210].

structure (figure 1(a)). The identification of the 18R;-type rather than the 9R-type
structure was obtained by electron diffraction technique [22] along [110], [210] and [100]
zOne axes.

In some local regions, 6R-type martensite (figure 3) and 2H-type martensite (figure
4) have been observed. These HREM photographs are complementary to the electron
diffraction identification of these martensites in quenched Cu—Zn~Al alloys as described
in [11, 22]. Our observation is in good agreement with Suzuki’s [23] numerical study.
Suzuki found Hcp (2H), Fcc (3R or 6R) and 9R (or 18R ) structures obtained as a result
of the time development of the transverse lattice waves with different parameters,
respectively.

The 6R and 2H structure types possess an intimate connection with the stacking fault
in 18R | structure. As shown by Lovey eral [18], each -type stacking fault creates locally
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Figure 7. HREM image along the [010] zone axis of the
6R martensite in step-quenched Cu-17.4 at. % Zn-
13.0 at.% Al alloy, showing a basal plane twin TT.

—

Figure 8, Schematic diagrams of the extended dislocation PO in 6R martensite showing (a)
a [010]} projection and (b) the arrangement of atoms in two adjacent (001) planes: ®, Al in
the plane of the diagram; ©, Cu in the plane of the diagram; ©. Alin adjacent upper plane;
@, Cuin adjacent upper plane.

a six-layer 2H structure. On the other hand, the elimination of the reverse stacking
sequence in 18R, martensite results in a local 6R structure.

3.2. Fine structures in 6R martensite

The local 6R structure martensite is not perfect but contains stacking faults (figure 5),
extended dislocations (figure 6) and basal plane twins (figure 7). When crossing the
stacking fault, the stacking sequence changes from AB'CA'BC'AB'CA’BC' to
AB'CA'BC'BC’AB'CA’, as shown in figure 5. There is one more atomic plane on the
upper side of the extended dislocation PQ than on the lower side. The proposed model
of the extended dislocation with a Burgers vector $[210]x is shown in figure 8 where the



Figure 9. HREM image along the [010] zone axis of the
18R martensite in step-quenched Cu—17.4 at. % Zn—
13.0 at.% Alalloy,showingthe (2, 0, 20) twin bound-
ary. The arrow shows an edge dislocation whose
Burgers vector has a component ¢/18.

Burgersvectord, = {[210] = {3[230] + 4 [100]isdissociated into two partial dislocations
with Burgers vectors bp = #:[230] and b, = 4[100] respectively. Two Shockley partials
P and Q are joined by a stacking fault PQ and the Burgers vector b, = 4{210] 1s in turn
not alattice translation vector for the ordered martensite. When crossing the basa! plane

|
twin TT shown in figure 7, the stacking sequence is reversed as AB'CA’'BC'BA'CB’A
where the vertical line (|) across the capital C’ denotes the twin plane.

3.3. Fine structure of the (2, 0, 20) ;gr, twin boundary of 18R, martensite

Figure 9 is a HREM image along the [010] zone axis showing the (2, 0, 20) 4z, twin
boundary of 18R ; martensite. The left-hand side variant appears misoriented which may
arise from the fact that the {010] directions of the two variants are not exactly parallel.
A similar phenomenon was observed by Cook et al [9] and by Lovey et al [12] for the
(128)1gg, twin boundary. From the corresponding low-magnification HREM image it is
evident that the (2, 0, 20) 35, twin boundary is not planar but curved microscopically.
Some segments of the boundary are nearly parallel to the basal plane of the left-hand
side variant. Moreover, the coherency of the (2, 0, 20) twin boundary appears much less
than that of the (128) twin boundary as shown in figure 7(c) of [12].

The atomic columns in the neighbourhood of the boundary are displaced from their
regular positions. Some (0, 0, 18)3r, lattice planes on the right-hand side variant are
curved near the twin boundary and there even exist some edge dislocations, whose
Burgers vector has a component in the [001] direction (see the arrowed region in
figure 9).
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