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This article reports recent advances in the micromechanics experimental research of the
solid–solid phase transition in NiTi shape memory alloys. In the first part, we show how an
initially macroscopic homogeneous material state becomes unstable and transforms into a
new phase under external driving, leading to the emergence of macroscopic spatial periodic
self-organized domain patterns and their loading rate dependence. In the second part, we
report the phenomenon of temperature and stress oscillations under cyclic phase transition.
We elucidate the multi-physical and multi-scaled nature of the spatiotemporal evolution of
thermomechanical fields and emphasize and examine the important role of time scales and
thermomechanical coupling in the response of the material.

© 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Phase transition phenomena in solids are of vital interest in research of solid mechanics, physics, materials sciences
and engineering because materials with solid–solid phase transitions have important applications in many technical fields,
especially with the fast development of nano-structured biomaterials and nano-technology. Nonlinearity, non-equilibrium
and multi-field coupling are inherent in the solid–solid phase transition process and play a central role in properties and
behaviors observed in many material systems [1–10]. This is because many processes in the fabrication and service of
materials (e.g., solidification in casting of alloys, diffusion and displacive phase transitions, high speed metal forming and
cutting, field-induced cyclic phase transition and vibration of structural components) are intrinsically thermodynamic non-
equilibrium. They involve, at one stage or another, different versions of material nonlinearity, instability and multi-field
coupling at different length and time scales and constitute the main physical origins of material heterogeneity and defor-
mation patterns under non-equilibrium conditions.

Superelastic NiTi shape memory alloys (SMAs) are increasingly used in many fields, from biomedical human artificial
joints to small-scale sensors and actuators in micro-electro-mechanical-systems (MEMS), and to the vibration and damping
control devices in small and large scale engineering structures. These applications utilize the material’s large reversible
deformation and damping capacity due to reversible transformation between austenite and martensite phases. The response
of the material in both monotonic and cyclic transformations under different frequency and amplitudes of tensile loading
is closely related to the fatigue and degradation of the devices and therefore is always a key concern in the application.
One of the unique aspects in the phase transition behavior of the NiTi under tension is the self-organized formation of the
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macroscopic localized transformation domain (band) and its subsequent evolution. When stretched under uniaxial tension,
the material transforms collectively by formation and growth of macroscopic domains and the domain patterns exhibited
strong loading rate dependence [4–8,11–25]. This is because the domain evolution in the phase transition of the material is
an intrinsically thermomechanical coupled process. On the one hand, the domain front propagation is accompanied by heat
release and heat transfer which makes the process deviate from isothermal condition. On the other hand, the stress–strain
response in phase transition and the created thermal field are coupled, since according to the Clausius–Clapeyron relation,
the transformation stress is temperature-dependent [26]. Another important aspect of the material is that, when subjected
to cyclic deformation, the heat generation and exchange between the specimen and the environment strongly depend on
the deformation frequency. Preliminary investigations showed that the thermomechanical responses of the material exhibit
distinctive temperature and stress oscillations. The amplitudes of the oscillations vary significantly with the deformation
frequency and can even damage the material before the oscillations reach steady state. From both academic and practical
points of view, a comprehensive understanding of the coupling effect and roles of time scales in the response of NiTi
over wide range of loading frequencies (strain rates) is required. Unfortunately, these important aspects remain much less
explored and understood experimentally. Systematic, well controlled and instrumented experiments play a critical role in
comprehending and quantitative modeling such multi-scaled phenomena.

From theoretical point of view, phase transitions in NiTi polycrystals are first order transformation events with nu-
cleation and growth of microscopic domains at grain size level. Furthermore, for fine-grained polycrystalline NiTi SMAs,
the phase transitions at microscopic level can take place collectively, leading to the meso- or macroscopic level formation
and growth of localized transformation domains. The generation and transfer of hysteresis dissipative heat and latent heat
can lead to swift temperature variations of the specimen, heat conduction within the material and heat convection with
the ambient environment. However, quantifying the thermomechanical responses and identifying the roles of external and
internal governing parameters in the rate-dependent response is more challenging experimentally than measuring conven-
tional quasi-static isothermal mechanical properties. First, the domain morphology under high-strain rate loading must be
captured by a high speed camera with sufficient spatial resolution. Second, the transient temperature variations of the spec-
imen in cyclic phase transitions must be measured with sufficient time resolution. Third, temperature variations and the
stress–strain responses of the material depend strongly on the test conditions (such as particular specimen geometry and
the ambient conditions) which must be well controlled. Different specimen size and the surrounding ambient environment
can lead to different test results. Finally, to have a clear picture of the physical process, the measurements of mechanical
and thermal quantities need to be synchronized. Special loading and measurement facilities need to be developed to meet
these challenges.

This article reports recent experimental work by the authors on the spatiotemporal evolution of thermomechanical fields
during the solid–solid phase transition of NiTi shape memory alloys under both monotonic and cyclic tensile loading of
different rates in stagnant air. In Section 2, we report the rate-dependent domain patterns in strip specimen and show how
an initially macroscopic homogeneous deformation state of austenite phase becomes unstable and transforms to martensite
under external stress, leading to the emergence of meso-scale and near spatially periodic self-organized domain patterns.
The roles of the phase transition time and the heat transfer time scales in the material’s behavior under a wide range of
loading rates are examined. In Section 3, we report the phenomenon of temperature and stress oscillations under cyclic
phase transition by the synchronized measurement of the temperature and stress–strain histories of the specimen. We dis-
cuss the physical origin of the phenomena and examine the important role of time scales and thermomechanical coupling in
the material behavior. Results of theoretical analysis will be briefly reported in parallel to help understand the phenomena.
We give conclusions in Section 4.

2. Rate-dependent deformation patterns of a superelastic NiTi SMA strip

In this section, we report the experimental results of the stretching rate effect (nominal strain rate) on the domain pat-
terns in a nano-structured polycrystalline NiTi SMA strip in room-temperature still air. The geometry of the superelastic
NiTi strip is shown in Fig. 1(a). The alloy composition, grain size, transformation temperature, latent heat and the specimen
preparation are given in Refs. [17,18,21–23]. The characterization of the isothermal tensile stress–strain curves of the mate-
rial at different constant temperatures and the temperature dependence of both nucleation stress of the meso-domain (see
the peak stress in Fig. 1(b)) and propagation stress of the meso-domain (see the flat plateau stress in Fig. 1(b)) are shown
in Figs. 1(b) and (c). A standard MTS hydraulic test machine (for the stretching rate of 10−4/s–10/s) and custom-modified
Split Hopkinson Tension Bar (for the stretching rate of 23/s–180/s) were used to transform the material over the stretching
rate range of 10−4/s–102/s in room-temperature (25 ◦C) air. The measurements of the nominal stress–strain curves and
the macroscopic domain patterns at different strain rates were synchronized. Figs. 2(a) and (b) are the measured nominal
stress–strain curves at different strain rates and the corresponding magnified domain patterns at the surface of the strip
are shown in Fig. 2(c). The domain number density and the domain spacing over the gauge length are obtained from the
recorded images and are summarized in Fig. 3. It was found that both the stress–strain response and the mode of deforma-
tion changed significantly with the loading rate. The nominal stress–strain curve changed from the near-isothermal plateau
type with distinct stress drops at the very low stretching rate (10−4/s) to the hardening type (3.2×10−4/s–10/s, and 23/s–
180/s). The domain number (spacing) increased (decreased) monotonically with the stretching rate (see Figs. 2(c) and 3),
from a single macroscopic domain under very slow near-isothermal stretching at 10−4/s, to many parallelepiped martensite
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Fig. 1. (a) The geometry of the NiTi strip with thickness of 0.5 mm, (b) isothermal nominal stress–strain curves (at nominal strain rate of 10−5/s) of the
material in different constant temperatures, and (c) temperature dependence of both nucleation and propagation stresses obtained from (b).

domains (3.2×10−2/s–10/s, see Fig. 2(c)), and eventually to the mode of multiple-nucleation of very fine martensite micro-
bands (see the fine stripes in Fig. 2(c)) (at strain rates of 44/s–180/s). The domain spacing, as a measure of the deformation
heterogeneity of the material during transformation, follows a power-law scaling with the applied stretching rate (see Fig. 3).
Experimental videos on the morphology and temperature evolution of a NiTi strip by Q.P. Sun’s group can be found at the
website: http://www.me.ust.hk/~meqpsun/experimentvideos/.

The phenomena of the multiple domain formation in non-isothermal stretching of a superelastic polycrystalline NiTi
strip can be traced back to the early work in 1990s [4–6,15]. The thermal effect and the thermomechanical coupling
(a kind of feedback mechanism) on the stress–strain and domain patterns can be examined clearly [21] under nomi-
nal tensile strain rate ε̇ = 3.3 × 10−3/s as shown in Fig. 4 with the help of the property shown in Fig. 1(c). After an
initial macroscopic homogeneous deformation (notice that at the end of the homogeneous deformation with nonlinear-
ity in the stress–strain curve, a certain small amount of phase transition already took place at the microscopic level [5,
27]), two high-strain domains (one near the top and the other near the bottom tapered end) nucleated simultaneously
with a stress drop (see patterns a and b in Figs. 4(a) and (b)). An instantaneous local heating of the domains due to
the released latent heat can be detected by a thermal camera. In the subsequent growth of the two domains under
continued stretching, the two fronts near the strip’s tapered ends were soon arrested, which led to the speeding up of
the other two fronts and a further temperature rise there. The increase in the front temperature in turn caused an in-
crease in the applied stress to drive the fronts (b–c in Fig. 4(a)). When the applied stress reached the nucleation stress
for the middle cooler untransformed region of the specimen, two new domains nucleated sequentially with stress drops
(see c–d and e– f in Fig. 4). The subsequent propagation of the six fronts ( f –g in Figs. 4(a) and (b)) was still accom-
panied by an increase in the front temperature and therefore the increase in the applied stress up to 413 MPa where
the fifth domain nucleated (see g–h in Fig. 4). Because of the domain growth and heat conduction, the temperature of
the specimen tended to become uniform and was higher than the initial temperature. The propagation stress for the
fronts kept increasing with loading but was no longer higher than the nucleation stress of the warmed austenite, so
there was no further domain nucleation in the continued stretching. Thus, the maximum number of martensite domains
in this loading process under the strain rate 3.3 × 10−3/s was five. With further loading the domains started to merge
sequentially (see j–m in Fig. 4). Each merging was accompanied by a small stress drop and a reduction in domain num-
ber.

http://www.me.ust.hk/~meqpsun/experiment videos/


352 Q.P. Sun et al. / C. R. Mecanique 340 (2012) 349–358
Fig. 2. (a) Stress–strain curves of the specimen in Fig. 1(a) under strain rates 10−4/s–10/s and (b) 23/s–180/s, (c) the magnified domain patterns in the
strip specimens under stretching rates from 3.2 × 10−2/s to 180/s (at the same applied transformation strain of 2%, the left bottom photo in (c) is the
photo of a plastic ruler as a scale bar for comparison).

From the above description, we can see that the created thermal and mechanical fields by the first order phase trans-
formation in SMAs are intrinsically coupled in the sense that phase transition creates heat which in turn influence the
stress since the stress required to transform the material is temperature-dependent (the Clausius–Clapeyron relation). It is
this coupling that makes the stress–strain response and deformation pattern rate-dependent. The observed phenomenon
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Fig. 3. The experimental data of the domain number density (domain spacing) and the comparison with the model predictions (Eqs. (1) and (2)).

involves, among other factors, the competition of loading time (or phase transition time or heat release time) and heat
transfer time. We can roughly say that the observed “rate effect” is in fact a temperature or heat flow effect due to the
deviation from the ideal isothermal condition. The rate effect would disappear as far as the testing can be controlled as
isothermal [13,23].

The above physics underlying the rate dependence of the behavior [4–8,11–19] leads to the following important criterion
of domain formation: as long as the applied stress (it is also the front propagation stress for the existing domains) is
higher than the domain-nucleation stress at the coolest point of the untransformed region, new domains will nucleate.
Such nucleation will repeatedly take place until there are sufficient domains in the specimen so that the above nucleation
criterion is violated. As a result, each stretching rate corresponds to a maximum domain number (or minimum domain
spacing). In principle, the higher the stretching rate, the less time to transfer the latent heat and therefore the more domains
we observe. Based on this physical insight into the multiple-domain formation and thermomechanical coupling (feedback),
modeling and analysis have been conducted recently [17,23]. It is revealed that the competition among the different time
scales of loading (strain rate ε̇, i.e., the rate of heat release), heat conduction (conductivity k) and convection (convective
coefficient h) plays an important role in the above rate dependence of domain patterns. Using a simplified one-dimensional
model, the effects of ε̇, k and h on the domain number and spacing were identified. It is shown that for most real material
properties of SMA and heat transfer boundary conditions, the domain number (domain spacing) increases (decreases) with
increasing applied nominal strain rate ε̇ and decreases (increases) with increasing heat convection (h) and conductivity (k).
In addition to the above general trends, simple explicit power-law scaling relationship (with exponent −0.5) between the
domain number density Nd (domain spacing Ld) and the strain rate is derived for the case of tensile test in static air [17,23]
where the effect of convection is ignorable as compared with the effect of internal conduction (i.e., conduction dominated
with h = 0, and the readers are referred to [23] for more general cases involving both convection and conduction):

Nd = N

L
= 1

A
· (ε̇)

1
2 where

1

A
=

√
λ

−4k · εT · ln(1 − �θcritical·λ
l )

(1)

Ld = L

N
= A · (ε̇)−

1
2 (2)

Both Eqs. (1) and (2) agree quantitatively well with the experimental data in stagnant air without any fitting parameters
(see Fig. 3).

3. Thermomechanical responses of a superelastic NiTi wire under cyclic phase transition

The cyclic behavior of a superelastic NiTi SMA often shows a stabilized hysteretic response before significant damage and
final failure occur [22,25,31,32]. Although our knowledge of the cyclic behavior of traditional materials has increased rapidly
over the past decades, the behavior of NiTi under a cyclic phase transition is still much less explored and understood so far.
Recent experiments by the authors [22] revealed that two mechanisms of different physical origin coexist and interact in
reaching the stabilization.

The first mechanism is the isothermal or near-isothermal transformation-induced formation and saturation of complex
dislocation structures and residual martensite in the grains of NiTi polycrystals during the cyclic trainings under tension
as shown in Fig. 5 for a superelastic wire of 40 mm gauge length and 3.5 mm diameter in room-temperature (25 ◦C) air.



354 Q.P. Sun et al. / C. R. Mecanique 340 (2012) 349–358
Fig. 4. Multiple-domain nucleation and growth in a NiTi strip under nominal strain rate of 3.3 × 10−3/s: (a) the nominal stress–strain response; (b) the
corresponding surface morphology.

Such plastic strain accumulation and saturation in isothermal phase transitions can lead to the mechanical saturation (or
shake down) of stress–strain response with repeating hysteresis loops. In displacement-controlled cyclic phase transition of
Fig. 5, such “shake down” is evidenced by a gradual decrease (∼100 MPa) and saturation in the applied stress and a gradual
increase (∼1%) and saturation in the residual strain.

The second mechanism, being of thermal nature, is the release/absorption of transformation heat (the latent heat and
the hysteresis heat) and heat transfer with the ambient. For a fresh specimen, this mechanism works interactively with the
first mechanism in reaching the stabilized cyclic response of the material. In order to reveal the pure thermal effect, cyclic
tests on the trained wire specimen of Fig. 5 were performed under cyclic deformation (6% of strain amplitude) of frequency
0.004, 0.04 and 1 Hz respectively (see Figs. 6 and 7) [22]. We show that this mechanism, even when working alone, can
produce a distinctive frequency-dependent temperature shift and oscillation which in turn brings stress shift and oscillation
since the phase transition stress is inherently temperature-dependent. It should be noted that, in the spirit of the lumped
analysis method [24], here we have ignored the spatial heterogeneity of the temperature and what we measured is actually
the average temperature over the gauge length and we will use it as the specimen’s temperature.
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Fig. 5. The effect of the first mechanism on the stress–strain curves under cyclic phase transition.

Fig. 6. Temperature and stress–strain evolutions under cyclic deformation frequency of: (a) 0.0007 Hz, (b) 0.04 Hz and (c) 1 Hz.

As shown in Fig. 6(a), for the cyclic loading frequency of 0.0007 Hz, the heat transfer via convection and conduction
is much faster than the heat generation rate, so the thermal effect on the cyclic response is quite weak. The stress–strain
curve is very close to that of the isothermal plateau type and the hysteresis loop area is mainly caused by the microscopic
mechanical dissipative events [28] and represents a characteristic property of the polycrystalline material (see Fig. 6(a)).

At the intermediate cyclic loading frequency of 0.04 Hz, the combined effect of heat release and heat transfer becomes
significant. Such thermal effect brings a strong non-isothermal and oscillating features to the cyclic behavior of the ma-
terial in both temperature and stress (Fig. 6(b)). The specimen’s temperature reached a peak/valley at the end of the
forward/reverse phase transition. The amount of temperature oscillation is about 22.4 ◦C and is much higher than that
of Fig. 6(a). The average temperature of the specimen is higher than the room temperature but shifted down (for 3–4 ◦C
in the transient stage) and eventually reaches its steady-state value. Because of the temperature dependence of the stress,
the corresponding cyclic stress–strain curves became a hardening type and also shifted down in the transient stage and
saturated into a repeatable hysteresis loop. The hysteresis loop area is now distorted due to the self-heating (in loading)
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Fig. 7. Stress oscillations corresponding to the temperature oscillations in Fig. 6.

and self-cooling (in unloading) of the material and no longer represents a characteristic property of the material as that in
Fig. 6(a).

When the cyclic deformation frequency is increased to 1 Hz, the thermal effect on the cyclic behavior becomes even
more significant (Fig. 6(c)). On the one hand, the release/absorption of latent heat causes a near spontaneous temperature
increase/decrease of the specimen with the amplitude of 23 ◦C in temperature oscillation. On the other hand, the released
heat from the hysteresis loop of the material has not enough time to transfer out. The hysteresis heat accumulates rapidly
in the specimen, causing a large increase in the average temperature up to the saturation value of 61 ◦C (with the temper-
ature peak of 72.5 ◦C). In strong contrast to the first mechanism, the corresponding stress–strain curves had a significant
hardening, shifted up significantly and eventually reached saturation. As shown in Fig. 7, the stress oscillation had a peak of
600 MPa in the case of 1 Hz in Fig. 6(c) while it is only 420 MPa in the case of 0.0007 Hz in Fig. 6(a). The saturated hystere-
sis loop area became even smaller due to the strong thermal effect [18,29,30]. From the above experimental observation,
the following important features of the material behavior due to the second mechanism can be obtained:

(1) In the cyclic phase transition experiments of the trained specimen under three different frequencies, the residual strain
after unloading is very small and ignorable. This demonstrates that the observed thermomechanical response is almost
purely caused by the second mechanism. It should be noticed that, in general, there should be no exclusive operation
between the first and the second mechanisms. They can both produce the residual strain. Here, in order to clearly
differentiate the effects of the two mechanisms, we purposely trained the specimen to remove the major effects of
dislocation/plasticity and the caused residual martensite so as to clearly illustrate the second mechanism.

(2) Under cyclic deformation both temperature and stress experience oscillations which have transient stages before they
finally reach steady states (thermal shake down). The transient stage of the temperature variation is characterized by
the frequency-dependent average temperature change which shifts down at lower frequency and shifts up at higher
frequency. The physical origin of the oscillation is the release and absorption of the latent heat from cyclic phase
transition. The temperature variation in the transient stage showed strong frequency dependence in reaching the final
steady state and reflected the competition of the heat transfer rate and the heat supply rate in reaching the steady state.
The material property (such as amount of latent heat, hysteresis heat and heat capacity) and heat transfer condition of
the ambient also play important roles in the transient stage.

(3) Following the transient stage is the stage of the steady-state temperature variation where the temperature profile oscil-
lates around the average temperature plateau. The oscillation is mainly due to the release and absorption of the latent
heat and the amplitude increases with the loading frequency and eventually reaches saturated value at high frequency
(near adiabatic) condition. The value of the steady-state average temperature plateau (i.e., the mean temperature over
a cycle) is mainly determined by the accumulation of the hysteresis heat and increases monotonically with frequency
without saturation. This is because the higher the frequency, the more rapid the accumulation of heat.

(4) Under cyclic deformation, the stress oscillates at the same pace as the temperature oscillation because of the intrinsi-
cally temperature dependence of the stress. The stress oscillation also experiences a transient stage in which the average
stress shifts down or up before reaching the steady-state hysteresis loop. There exist the same trends of increases in the
average stress with the frequency as that of the temperature. In the present experiment, a cyclic transformation under
frequency 1 Hz at room-temperature (∼25 ◦C) air can bring the specimen’s temperature up to 72.5 ◦C and stress up to
600 MPa. This large stress rise due to the hysteresis heat has not been reported so far and will lead to an unexpected
acceleration of degradation and fatigue failure of the material.

To have a quantitative understanding of the roles of the time scale of loading (or the rate of latent heat release and heat
accumulation) and the time scale of heat transfer, modeling and analysis on the physical process were performed recently
by the authors [22]. The temperature history Tav(t) of a NiTi SMA wire (radius r) under displacement-controlled sinusoidal
cyclic deformation of frequency f (= 1/tp) was obtained by solving the lumped heat transfer equation [24] of the wire.
Tav(t) was obtained as, [22]:
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in which, T0 is the initial temperature at t = 0, ω is the angular frequency (ω = 2π f ) of cyclic deformation, h is the lumped
effective heat convection coefficient with the external ambient, th(= rλ

h
) is the lumped characteristic relaxation time of the

effective heat convection, l0 is the latent heat, λ is heat capacity, D0 is the stress hysteresis loop area in each frequency
heat source. The transient stage of temperature variation is determined by the third term in Eq. (3) which well explains
the opposite trends of the frequency-dependence in Figs. 6(b) and (c). Let t → ∞, we have the steady-state solution of the
temperature variation Tav(t) as:
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(4)

The first term on the right side of the equation represents the steady-state average temperature which increases monotoni-
cally with the frequency and is caused by the accumulation of hysteresis heat; the remaining two terms are the temperature
oscillations caused by latent heat and hysteresis heat, respectively. From Eqs. (3) and (4), we can clearly see that, in addition
to the material properties and parameters, the ratio of the two time scales t̄h · ω determines the average temperature and
the temperature oscillation. This prediction of the model agrees well with the experimental data [22].

4. Conclusions

In this article, we briefly reported recent advances in investigating the spatiotemporal evolution of deformation and
temperature fields in non-equilibrium (i.e., non-isothermal) solid–solid phase transition process in NiTi polycrystalline shape
memory alloys. We tried to elucidate the fundamental physics behind the rate-dependent behavior of the material during
phase transition and have arrived at the following preliminary conclusions:

• The non-equilibrium phase transition (non-isothermal) of NiTi under uniaxial stretching exhibits a strong rate-depen-
dent spatiotemporal evolution of domain patterns. The domain spacing is not only a measure of the material hetero-
geneity, but also emerges as a new internal length scale of the material in the stress-induced non-equilibrium phase
transition. The domain spacing strongly depends on the applied strain rates or the time scale of phase transition. It was
measured in the carefully designed tensile experiment over the strain rate from 10−5/s to 102/s (the corresponding
loading time ranges from 103 s to 10−4 s). The results showed that the higher the strain rate, the finer the domain
patterns. We further showed that such rate-dependent phenomenon physically originates from the material’s nonlin-
earity (instability of deformation), the non-isothermality of the phase transition process and the coupling between the
mechanical and thermal events. Through experiment and analysis, we found that it is the competition among the char-
acteristic time scales of the heat transfer of the system and the time scale of phase transition (loading) that imposes the
internal length scale to the meso- and microstructure of an initially macroscopic homogeneous material. Simple scaling
law governing the observed rate dependence has been developed and agrees well with the experiments in static air.

• Under displacement-controlled cyclic reversible phase transition (deformation), both temperature and stress experience
oscillations which finally reach their steady states through the transient stages. The physical origin of the oscillation is
the release and absorption of latent heat from cyclic phase transition, while the average temperature increase in the
steady state is due to the accumulation of the hysteresis heat and reflects the final balance between the rate of heat
transfer and the rate of heat supply. Both depend on the deformation frequency. The stress oscillates at the same pace
as the temperature because the stress is intrinsically temperature-dependent. The stress oscillation and the average
stress also increase with the frequency of the temperature. Similar to the temperature oscillation, the stress oscillation
also experiences the transient stage in which the average stress shifts down or up before reaching the steady state.
Such a heat-induced stress variation plays an important role in the degradation and failure of the material and must be
systematically investigated in the future.

Before closing this section, we would like to comment that a fundamental paradigm in materials science and engi-
neering is the structure–property relationship of material. Therefore, understanding and developing quantitative predictive
models on formation and evolution of structures constitute central challenges of nowadays micromechanics research since
understanding and prediction give the possibility of both structure control and development of new technologies for ma-
terial synthesis. Microstructure evolution during phase transition has been and will continuously be one of the richest and
active areas of micromechanics. The challenges to the mechanics scientists are to further understand the origins of such



358 Q.P. Sun et al. / C. R. Mecanique 340 (2012) 349–358
heterogeneities, quantify the observed phenomena, and to control the processes so as to obtain optimized microstructure
with desired property on demand. The research of this area is very broad and poses a variety of opportunities for the
micromechanics community where André Zaoui has contributed significantly. The door is widely open.
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