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Memory effects of domain structures during displacive phase transitions:
A high-temperature TEM study of quartz and anorthite
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ABSTRACT

Memory effects ass~iated with the Dauphine twins in a quartz and the c-antiphase
domains (c-APDs) in PI anorthite have been investigated by in situ hot-stage transmission
electron microscopy (TEM). In a set of kinetic experiments, specimens were cycled about
their transition temperatures, and changes in the Dauphine twin and c-APD positions were
analyzed as a function of maximum annealing temperature and annealing time. The results
indicate that Dauphine twins are strongly pinned by extended defects, such as Brazil twin
and grain boundaries, dislocations, and surfaces. However, the memory displayed by Dau-
phine twin boundaries pinned by point defects degrades with higher annealing temperatures
and longer annealing times. An Arrhenius analysis of this behavior yielded an average
activation energy for point-defect diffusion of 68.6 kllmol.

In contrast to the Dauphine twins of quartz, the c-APDs of anorthite did not appear to
interact strongly with extended defects, and they exhibited a nearly perfect memory for
all annealing times and temperatures tested. This extremely high fidelity is interpreted as
evidence that the positions of c-APDs are fixed by localized AI-Si disorder, which remains
unchanged when anorthite is heat treated at < 1000 DC.

INTRODUCTION

Memory effects involving the mechanical, optical, and
electrical properties of materials are of importance for
both theoretical and practical reasons (lamet 1988; Stru-
kov 1989; Liu et al. 1992; Warren et al. 1996). For in-
stance, when a shape-memory alloy is deformed under
stress, it recovers its original morphology upon heating
above a critical temperature. Underlying this phenomenon
is a martensitic transformation that creates a twinned
phase during the down-temperature transformation (Per-
kins 1981). Deformation of the low-temperature marten-
sitic phase is associated with unusually low elastic strain
because the twinned low-temperature structure can ac-
commodate slip through a variety of mechanisms that are
controlled by the twin-composition planes. When the al-
loy is heated above its critical point, the martensite la-
mellae disappear and the original shape is restored, allow-
ing application of such alloys in heat-sensitive electronic
switches and orthodontic devices (Wayman 1980; Liu et
al. 1992).

In some alloy systems, the materials display a "two-
way shape memory" (Wayman 1980). After deformed
specimens have been heated above the transition temper-
ature to regenerate the initial morphology, the alloys can
recover the deformed morphology upon recooling to the
martensitic state. Such materials can be induced to de-
form and recover repeatedly by cycling the material about
the transition temperature in a process known as "mi-
crostructural training."

Several natural materials exhibit memory effects sim-
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ilar to the two-way memory observed among certain al-
loys. Although shape recovery has not been reported for
minerals (and seems unlikely in light of their brittle be-
havior), strong microstructural memory has been recog-
nized for more than one-half century. In minerals such as
leucite (Wyart 1938; Peacor 1968; Sadanaga and Ozawa
1968; Mazzi et a11976; Heaney and Veblen 1990), man-
ganoan pigeonite (Gordon et al. 1981; Carpenter 1994),
quartz (Frondel 1945; Young 1962; Inoue et al. 1974;
Zarka 1983; Malov and Sonyushkin 1976; Dolino and
Bachheimer 1982; Heaney and Veblen 1991), and anor-
thite (Miiller and Wenk 1973; Heuer et al. 1976; Ghose
et al. 1988; Smith and Brown 1988; Van Tendeloo et al.
1989), these memory phenomena follow similar patterns:
When the low-temperature phase is heated above a dis-
placive transition temperature, To and then cooled below
it, the twins or antiphase domains that populated the orig-
inallow-temperature phase reappear in the same positions
and orientations.

Of course, such memory effects are not surprising
when they characterize domains that never truly disappear
above T" For instance, transmission electron microscope
(TEM) observation of the pseudomerohedral twins of leu-
cite has revealed their existence well above T, (Heaney
and Veblen 1990). However, the recovery of Dauphine
twins in quartz and of c-antiphase domains (c-APDs) in
anorthite is more problematic. Hot-stage TEM studies of
both minerals have unambiguously demonstrated the dis-
appearance of these domains through boundary-wall mi-
gration and microtwinning at their phase transitions
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