PHYSICAL REVIEW B

VOLUME 44, NUMBER 18

'RAPID COMMUNICATIONS

1 NOVEMBER 1991-11

Rapid Communications

Rapid Communications are intended for the accelerated publication of important new results and are therefore given priority
treatment both in the editorial office and in production. A Rapid Communication in Physical Review B should be no longer than 4
printed pages and must be accompanied by an abstract. Page proofs are sent to authors.

Pretransformation twinning in In-T1 alloys

Xue-Wei Zhou, Junhui Li, and Manfred Wuttig
Department of Materials and Nuclear Engineering, University of Maryland, College Park, Maryland 20742-2115
(Received 14 January 1991; revised manuscript received 17 June 1991)

The mechanical-response coefficients controlling the torsional vibrations of In-Tl alloy bars oriented
along the [100] and [110] directions have been measured as a function of temperature at resonance

frequencies of about 100 Hz.

same rate as the temperature approaches the martensitic-transformation temperature.

Both coefficients have been observed to decrease almost linearly at the

It is proposed

that this unusual low-frequency premartensitic shear behavior represents dynamic and reversible twin-

ning on a very fine scale.

The ferroelastic martensitic transformation in indium-
thallium alloys is of interest since it is of nearly second but
distinctly first order.'? The present views of the transfor-
mation characteristics of the indium-thallium alloys are
derived from ultrasonic data,>”> neutron,®’ electron,®
and x-ray-scattering information,” and electron micros-
copical observation.'® Based on the pronounced softening
of the elastic constant (C;;-C;;)/2, the corresponding
low-frequency behavior of the TA, mode, the (110)
streaking, and the concomitant x-ray-diffuse scattering, it
was proposed that the low-frequency {110}(110) modes
control the transformation mechanism'' although this is
not in accord with the pronounced {111) streaking.®

The volume elastic and structural properties of the
parent and product phases can be phenomenologically re-
lated to each other through a Landau formalism'? and
precursor states have been modeled by a Landau-
Ginzburg approach.'>'* It has been suggested that these
periodic precursor structures may exist in the parent
phase and further proposed that the tweed microstructure
and the intermediate fct phase in Fe-Pd result from the
presence of these precursors.'> ~!7

This study was conducted using In-T1 alloy single crys-
tals prepared from 99.99% pure starting materials by vac-
uum melting and subsequent crystal growth using the
Bridgman technique. After growth the crystals were an-
nealed for one week at a temperature 15 K below the
melting temperature. The resultant crystals transformed
at temperatures within 5 K of the transformation temper-
atures anticipated from their average composition.'® The
mechanical response coefficients controlling the [100] and
[110] torsional vibrations were measured as a function of
temperature. The measurements were carried out using a
previously described apparatus'® at resonance frequencies
of about 100 Hz.

The measured temperature dependence of the low-
frequency torsional response coefficients, which will be
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called shear constants in the following, of an In- 24 at. %
Tl single crystal at temperatures above the transformation
temperature are presented in Fig. 1. Formally, the [100]
and [110] torsional shear constants correspond to Ca4 and
3(C11-C12)/14—(C-C12)/C4s).*® The data shown in
Fig. 1 need to be compared with previously published ul-
trasonic data.” These ultrasonic data show that + (Cy-
C12) =10 ' GPa at about 10 K above the transformation
temperature and that d[ % (C;,-C2)1/dT > 0. They fur-
ther show that C43 =10 GPa at the same temperatures
and that d[C441/dT <0 except very close to the transfor-
mation temperature. The present low-frequency data in-
dicate that ¥ (C;,-Cy2) =10 "' GPa at about 10 K above
the transformation temperature and that d[+(C,;-
C12)1/dT >0 in agreement with the ultrasonic data.
However, it follows from Fig. 1 that +Cu= +(Cy-
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FIG. 1. Temperature dependence of the shear constants con-
trolling the torsional vibrations [100], Ca4, and [110], 2(Cy-
C12)/[2+(C11-C12)/Ca4l, in In-24 at.% Tl single crystals deter-
mined at about 100 Hz.
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C\2), i.e., both shear constants are very small and of the
same order of magnitude. In addition, Fig. 1 shows that
both constants soften at the same rate and approach zero
at about 110 K below the fcc-fct transformation tempera-
ture. Hence, in sharp contrast to the ultrasonic data, the
low-frequency data indicate that the shear elastic con-
stants are almost isotropic. Such a behavior can be under-
stood if the elastic constant Ca4 is highly dispersive or if
the corresponding mode of deformation at the present low
frequencies of measurement is not truly elastic.

An alternative potentially reversible deformation mech-
anism is twinning. It is known that cubic face centered
structures twin on {111}{112)-type systems.?' The strong
tendency of diffuse streaking along (111) directions ob-
served in an electron-diffraction study® and by ourselves??
might signal the presence of twins of very small dimen-
sions. The shear elastic constant corresponding to
f111}112) twinning, C,, is given by C,=[2(C\,-C12)/
2+ C441/3. It follows that in In-Tl alloys the constant C,
at ultrasonic frequencies® would be of the order of 10 GPa
whereas the present experimental results indicate that at
100 Hz it drops to the order of 10 ~' GPa. Hence, it may
be concluded that the alloys in question twin much easier
at low frequencies. Since there is no evidence of large
scale twinning in the fcc phase, it is proposed that at the
low frequencies used in this study premartensitic twinning
occurs on an extremely fine scale. In contrast, at high fre-
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quencies twinning is suppressed as Cas is large and in-
creases as the transformation temperature is approached.

The frequency dependence of the premartensitic twin-
ning can now be discussed. Related to the alignment of
incipient variants in NiAl by the stress field around a
crack,?® the macroscopic mechanical response of fcc
indium-thallium alloys to an external stress can be accom-
plished by the motion of twin or incipient parent-product
boundaries. The motion of these boundaries will be ac-
tivated at low frequencies where C44 becomes small. In
contrast, this boundary motion will be frozen and this type
of shear deformation will not occur at high frequencies
where C44 becomes truly elastic.

The proposed low-frequency deformation mechanism
suggests that the parent phase in In-TI softens twofold,
elastically, as known,> as well as with respect to tradition-
al fcc twinning. The softening with respect to twinning is
conceptually very satisfying as the martensitic transfor-
mation may be viewed as a process that combines twin-
ning and changes of the unit cell.?* Therefore, a softening
with respect to twinning signals that the parent-product
interphase starts to move spontaneously as the martensitic
transformation commences, exactly what needs to happen
in first-order transformations.
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