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ABSTRACT : The term 'shape memory polymers (SMPs)' describes a class of polymers which can remember the original
shape and recover from deformed to its original shape by the applied stimuli, e.g., heat, electricity, magnetic field, light,
etc. SMPs are classified as one of the 'smart polymers' and have great potentials as high-value-added materials. Especially.
low thermal, electrical, and mechanical properties of SMPs can be improved by incorporating the various fillers. This paper
aims to review the SMPs and their basic principles, and the trends of the development of SMPs nanocomposites.
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Figure 1. Schematic representation of the thermally induced one-
way shape-memory effect. The permanent shape is transferred to
the temporary shape by the programming process. Heating the
sample above the switching transition Tians results in the recovery
of the permanent shape.’

Figure 2. Transition from the temporary shape (spiral) to the per-
manent shape (rod) for a shape-memory network that has been
synthesized from poly( € -caprolactone) dimethacrylate (1) and n-
butylacrylate (co-monomer content 50 wt%) (2). The switching
temperature of this polymer was 46 C. The recovery process
takes 35 sec after heating to 70 C 2
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Figure 3. (a) Publication history of shape memory polymers from
1986 to 2010 and (b) publication sorted by country.
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Figure 4. Schematic representation of the molecular mechanism
of the thermally induced shape memory effect for a) a multiblock
copolymer, b) a covalently crosslinked polymer, and c) a polymer
network. If the increase in temperature is higher than Tians of
the switching segments, these segments are flexible (shown in
red) and the polymer can be deformed elastically. The temporary
shape is fixed by cooling down below Tians (shown in blue). If
the polymer is heated up again, the permanent shape is recovered.®
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Figure 5. One-way shape memory cycles. The asterisk indicates
the beginning of the experiment. The material is elongated by
increasing stress (i). Cooling (ii) and removing the stress (iii) yield
a temporary fixed strain that can be recovered to the original strain
upon heating (iv).12
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Table 1. Molecular Interactions for Programming of Shape Memory Polymers."’

Interchain Interaction Poly-norborone ~ Trans-polyisoprene Styr::;(—)llo;ltl?;iene Poly-urethane Poly-ethylene
Entanglement M

Chemical cross-linking M
Micro-crystals T M, T M T
Glassy state T T

M: used for memorizing the original shape,

T: used for maintaining the transient shape
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Figure 6. Recovery ratios of neat and 10, 20 and 30 wt% glass
fiber containing shape memory polyurethane composite.21
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Figure 8. Image demonstrating the unconstrained bend recoverability as a function of SiC fraction and time at temperature.27

Table 2. Summary for Filled SMP Systems34

Matrix Filler Filler size Max. filler (%) Preparation method
PCO BN micro 30 wt Melt mixing
PU AIN micro 40 wt Melt mixing
PU GF, Kevlar micro 70 vol Impregnation
PU GF micro 30 wt Melt mixing
PU CB micro 30 wt Solution mixing
PU MWCNT nano 16.7 wt Solution mixing
PU MWCNT nano 7 wt Solution mixing
PU MWCNT nano 7 wt Solution mixing
PU MWCNT nano 10 wt Solution mixing
PU MWCNT nano 2.5 wt Solution mixing
PU Iron oxide nano 10 wt Melt mixing
Custom made thermoset Iron oxide nano 12.1 wt In-situ polymerization
PU Iron oxide micro 40 vol Melt mixing
PU Clay nano 5wt Melt mixing
PU Clay, CNF, SiC nano 5 wt Melt mixing
PU CB micro 5 wt Melt mixing
PU CNF, ox-CNF nano 7 wt Melt mixing
Epoxy CF micro 60 vol TRM/pre-preg
Epoxy SiC 300-700 nm 40 wt In-situ polymerization
UHMWPE, PP TEG micro 6 wt P"l‘l”o ‘:ez oﬁﬁﬁoﬁnd
Epoxy TEG micro 18 wt In-situ polymerization

Epoxy TEG micro 10 wt In-situ polymerization
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Figure 10. 3-D schematic demonstration of nanocomposite sys-
tems: (a) with spherical fillers (Al,O3 and Si0O,), (b) with rod-like
filler (clay or carbon nanotubes).
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