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Introduction

The distinct shape memory behavior in some materials 
such as polymers and alloys [1] has attracted a great atten-
tion worldwide. In recent years, shape memory polymers 
(SMPs) have been studied intensively in both academic and 
industrial sectors for their low cost, good processability, 
high recoverable strain, and larger range of shape recovery 
temperatures (Rr) in comparison with those parameters of 
shape memory alloys [2, 3]. A majority of SMPs have been 
stimulated by the application of heat [4]. However, cool-
ing, water [5], and moisture-responsive [6] shape memory 
effects (SME) have been also reported. It has been stated 
that the thermo- and chemo-responsive SME are intrinsic 
properties of many synthetic and natural polymers. Based 
on this mechanism, new materials with tailored features 
could be designed [7].

Among the SMPs, segmented shape memory polyure-
thanes (SMPUs) are the thermoplastic block copolymers 
having the unique mechanical and shape memory prop-
erties [8, 9]. These polymers mainly consist of soft and 
hard domains, in which the former and latter constitute 
the reversible and frozen phase, respectively [10, 11]. The 
reversible phase is responsible for holding the temporary 
deformation. However, the frozen phase, which contains 
physical or chemical crosslink points, inhibits slip of the 
molecular chains and is responsible for memorizing the 
permanent shape [12, 13]. The SMPUs can memorize the 
permanent shape and recover from the temporary shape 
upon heating above a switching temperature (TS) that could 
be the melting point (Tm) or glass transition temperature 

Abstract In this work, the effect of ionic group content 
on thermal, structural, and shape memory properties of 
segmented polyurethane ionomers based on polycaprolac-
tone diol, diphenylmethane diisocyanate, 1,4-butanediol, 
dimethylol propionic acid, and triethyl amine was inves-
tigated. Fourier transform infrared spectroscopy was used 
to check the accomplishment of the synthesis. Thermal, 
structural, and shape memory properties of the synthesized 
shape memory polyurethanes were measured using differ-
ent techniques such as differential scanning calorimetry, 
thermogravimetric analysis (TGA), wide-angle X-ray dif-
fraction, and tensile cyclic tests. It was found that the iono-
mers with higher amount of ionic groups have relatively 
stronger crystallization tendency. In addition, the glass 
transition temperature of soft segments was influenced by 
the degree of phase separation. It was observed that the 
degree of phase separation improved when the amount of 
ionization was higher than a critical value. The increased 
polarity difference of soft and hard phase upon ionization 
could be the driving force for increased phase separation. 
The results obtained from TGA showed that the thermal 
stability of the ionomers was lower than that of the non-
ionomer sample. This can be attributed to the reduction of 
hydrogen bond formation and decrease of cohesion in the 
hard domains of ionomers. In addition, ionic group con-
tent affected the shape recovery of the material, where this 
parameter increased with the increase of ionic groups.
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