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Editorial
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Figure 1: Shrinkage (in %) of a piece of typical one-direction
(vertical direction in this particular test) heat shrink label
with an as-received thickness of 50cm. (Reproduced from
[6] with permission).

The shape memory effect (SME) refers to the phenomenon of
shape recovery in a severely pre-deformed material, but only when
a right stimulus is applied. The materials with the SME are called
shape memory material (SMM), and typical stimuli include heat,
chemical (including water/moisture), light, etc [1]. Right now, the
family of SMM has expended significantly, and covers a range of
different types of materials, including alloy, polymer and ceramic
etc [2-5]. In general, the SME process includes two steps [6]. The
first step is to program the piece of SMM into a temporary shape
(known as the programming process); and the second step is to
apply the right stimulus for recovery (called the recovery process)
with or without constraint applied. However, the start and finish of
recovery is normally dependent on the material itself. For instance,
in Figure 1, a piece of heat shrink polymeric film starts to shrink
upon heating to its glass transition start temperature, which is
about 50 oC. Hence, traditionally, in order to meet the recovery
temperature requirement of a particular application, we have to
search for a polymeric material with the required glass transition
start temperature or melting start temperature. Although most
of polymeric materials are heat/chemo-responsive SMV, it is still

a tedious process to find the right material, since there are many
other requirements, such as biodegradability, shape recovery ratio
etc, in the application as well.
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Introduction

Asrevealed in [7], the recovery start temperature of a polymeric
material is actually tailor able within its glass transition or melting
temperature range. That is to say, provided that the programming
temperature is within the glass transition or melting temperature
range (between Ts and Tf in Figure 2), the recovery temperature
is around the programming temperature in the final heating
process [refer to the line of (1s) in Figure 2. However, as pointed
out in [8], this is only applicable to small programming strain. If the
applied programming strain is relatively larger (which is material
dependent), the actual recovery start and finish temperatures are
within a wider range, and in particular the recovery finish shifts to
a higher temperature range.
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Figure 2: Shape recovery ratio and transition fraction
against heating temperature curves. A; and A, : recovery ratio
upon heating to the programming temperature. Subscripts
S and L denote small strain and large strain, respectively.
(Reproduced from [8] with permission from Springer).

Utilizing this feature, we can tailor the shape recovery
temperature of a polymeric material. Figure 3 presents an example
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for temperature sensing application, in which a piece of polystyrene
plate (2.5mm thick) is pre-impressed using a carefully designed,
customized mould at one temperature, which is within the glass
transition range of this polystyrene. Upon subsequently gradual
heating from 8 oC to 82 oC the dark lines in the middle appear in
a step by step manner from the right towards the left. Hence, after
calibration, we may monitor the actual highest temperature in a
heating process. Such a kind of temperature sensor requires no
battery for operation and the result can be directly observed by
naked eyes [9].
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Figure 3: One-step programming, multiple-step recovery
upon gradual heating in polystyrene. (Reproduced from [9]).

In addition to tailor the start and finish temperatures in heating
induced recovery as mentioned above, we may pre-determine the
start and finish time of a chemo-responsive shape recovery process
as well. As shown in Figure 4 (top), a piece of photo-cross-linked

poly (ethylene glycol) (PEG) swells gradually after being immersed
in room temperature water (about 22 oC). However, a piece of wire
made ofthe same PEG, if pre-stretched athigh temperatures and then
immersed in room temperature water, buckling occurs after about
80 sto 88 s (Figure 4, bottom). The observed buckling phenomenon
is due to water-induced SME. For a particular material, the actual
buckling time is controlled by the amount of programming strain
and original thickness of the PEG wire, and can be pre-determined as
shown in Figure 5a & 5b. Since the PEG used here is biodegradable,
such a buckling phenomenon has been proposed for biodegradable
occlusion for liver cancer treatment [10,11]. The SME with tailor
able start and finish temperature/time provides great flexibility to
control shape switching in a pre-determined fashion. It has great
potential in many biomedical applications, such as in biomedical
devices in, for instance, sequentially controlled folding/unfolding
for minimally invasive surgery.
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Figure 4: Swelling induced shape change (top) and buckling
induced by the SME (bottom) (Reproduced from [11] with
permission).
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Figure 5: Buckling time (a) as a function of programming strain (original diameter: 2.45mm) and (b) as a function of original
diameter at a fixed programming strain of 500%. (Reproduced from [11] with permission).
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