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Abstract: Shape Memory Thermoplastic Polyurethane (SMTPU) nano-composite samples reinforced with 
modified Multi Walled Carbon Nano-Tubes (mMWCNT) were prepared and their influence on the recovery 
stresses was analyzed. The MWCNTs were modified by oxidizing in the presence of air at 350°C to obtain 
mMWCNTs. The composite samples were prepared in the form of thin sheets using solvent casting method. A 
systematic process including sonication and stabilization was employed to disperse the MWCNT into the 
SMTPU matrix. The thermo-mechanical cycle test was carried out using a test set-up designed to characterize 
SMPs. The air oxidation helped in removing carbonaceous impurities from the MWCNT samples as observed 
in SEM micrographs. The modulus and recovery stress increased considerably with addition of MWCNTs. The 
mMWCNT also enabled in a better and stable dispersion compared to unmodified MWCNTs. The samples 
reinforced with mMWCNT showed an increase in modulus and recovery stress when compared with samples 
reinforced with unmodified MWCNT for the same filler content. The modification of MWCNTs enabled in 
better reinforcement efficiency with the SMTPU matrix thus increasing the recovery stress and modulus. 
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Introduction and Experimental: 

Shape Memory Materials are known to hold a temporary shape and recover the original shape at the 
application of right stimulus[1]. Among these materials Shape Memory Polymers (SMP) have advantages like 
low density, can hold strains up to 800%, low cost, easy processing and respond to various stimuli like heat, 
light, pH, moisture, etc[2], however their low modulus, low recovery stress and low thermal conductivity are 
drawbacks for engineering applications[3]. Many types of fillers have been employed by researchers to improve 
the desired properties. Among them CNTs are being investigated extensively due to their exceptional 
mechanical, thermal and electrical properties[4]. This study aims to develop SMTPU reinforced with MWCNT 
and mMWCNT and to study reinforcement effect on the Recovery Stress, Shape Fixity and Shape Recovery. 
Materials used in this study; MWCNTs were obtained from M/s Nanoshel Ltd. India. SMTPU (ether type) 
MM6520 was obtained from SMP Technologies Inc. Japan. Laboratory reagent Dimethylformamide (DMF) 
was obtained from Central Drug House (P) Ltd, India. To remove the carbonaceous impurities from the 
commercial grade MWCNTs, they were oxidised in air at a temperature of 350°C in a muffle furnace for a 
period of 1 hour [5], and mMWCNT is obtained. A process chart showing all the details in the development of 
MWCNT- SMTPU nanocomposites and the sample nomenclature is shown in figure 1. Field Emission  
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Scanning Electron Microscopy (FESEM) was used to study the morphology of the modified and unmodified 
MWCNT. The Thermo-Mechanical experimental setup included a tensile stress measuring set-up placed inside 
a hot water bath. The thermo-mechanical analysis involved stretching the sample at 70°C in steps of 2mm, up-
to a strain of 250% and measuring the corresponding stresses with the help of a calibrated load cell. Cooling the 
sample to room temperature while holding the strain and fixing the temporary shape. Re-heating the sample to 
70°C and decreasing the strain in steps of 2mm and measuring the corresponding recovery stresses. 

 

Figure 1: Process details in development of mMWCNT-SMTPU thin sheets and sample nomenclature 

Results and Discussion: 

 From the SEM micrographs in figure 2 it can be clearly seen that air oxidation is an effective method 
for the removal of carbonaceous impurities like amorphous carbon and carbon nanoparticles. Figure 3 clearly 
shows that the developed nanocomposites showed a considerable increase in stresses both during stretch and 
recovery. The increase in the stresses of reinforced SMTPU can be attributed to the effective transfer of stress to 
the MWCNTs through interfacial shear stress between the MWCNTs and the matrix[6]. The increase in recovery 
stress shows the reinforcement efficiency of MWCNTs by storing the elastic strain energy during stretching and 
by reheating, the stored elastic strain energy was released and the nanocomposites exhibited larger recovery 
stress[7]. It was observed that SMTPU reinforced with modified MWCNT exhibits larger stresses as compared 
to SMTPU reinforced with unmodified MWCNT, which shows that by removing the impurities, more 
MWCNTs are made available in the stress transfer between the matrix.  

The shape fixity ( ) is the ability of the material to retain the temporary shape. It is quantitatively 

expressed as, , where εf and εd are fixed and deformed strains respectively. It was observed 
that all samples exhibited excellent  (above 95%). Figure 4 shows the effect of the filler content on the shape 
recovery. Shape recovery ( ) quantifies the ability of the material to memorize and recover its original shape. 

It is generally expressed as, , where εr is the residual strain after recovery. An 
increase in  was observed with small amount of MWCNT (1phr). However there was a decrease in  as 
the filler content increased. This is might be due to inclusion interaction of aggregated MWCNTs in SMTPU, 
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which restricts the movement of the polymer chains[7]. Compared to MWCNT-SMTPU, mMWCNT-SMTPU 
showed a slight increase in .  

 

 
Figure 2: SEM micrographs of a) MWCNT and b) mMWCNT. 
 
 

 
Figure 3: Stretch-Recovery curves of a) MWCNT reinforced SMTPU and b) mMWCNT reinforces SMTPU in 
comparison with bulk SMTPU 
 
 

 
Figure 4: Effect of MWCNT and mMWCNT reinforcement on the Shape Recovery 
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