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Abstract: Shape Memory Thermoplastic Polyurethane (SMTPU)or@mposite samples reinforced with
modified Multi Walled Carbon Nano-Tubes (IMMWCNT) neeprepared and their influence on the recovery
stresses was analyzed. The MWCNTs were modifiedXigizing in the presence of air at 350°C to obtain
MMWCNTSs. The composite samples were prepared itfictme of thin sheets using solvent casting meti#od.
systematic process including sonication and statibn was employed to disperse the MWCNT into the
SMTPU matrix. The thermo-mechanical cycle test wasied out using a test set-up designed to chenaet
SMPs. The air oxidation helped in removing carbewoas impurities from the MWCNT samples as observed
in SEM micrographs. The modulus and recovery stresgased considerably with addition of MWCNTseTh
MMWCNT also enabled in a better and stable dispersompared to unmodified MWCNTsS. The samples
reinforced with mMMWCNT showed an increase in modwdind recovery stress when compared with samples
reinforced with unmodified MWCNT for the same filleontent. The modification of MWCNTs enabled in
better reinforcement efficiency with the SMTPU mathus increasing the recovery stress and modulus.
Keywor ds- Shape Memory Polyurethane; Carbon Nano-Tubes; Tdwerhanical Cycle; Recovery Stress.

Introduction and Experimental:

Shape Memory Materials are known to hold a temposhape and recover the original shape at the
application of right stimuld8. Among these materials Shape Memory Polymers (ShaR¥ advantages like
low density, can hold strains up to 800%, low cestsy processing and respond to various stimudi higat,
light, pH, moisture, et€, however their low modulus, low recovery stresd &w thermal conductivity are
drawbacks for engineering applicatihdviany types of fillers have been employed by resesrs to improve
the desired properties. Among them CNTs are bemgstigated extensively due to their exceptional
mechanical, thermal and electrical propelfiehis study aims to develop SMTPU reinforced WititVCNT
and mMMWCNT and to study reinforcement effect on Rezovery Stress, Shape Fixity and Shape Recovery.
Materials used in this study; MWCNTs were obtaifiemn M/s Nanoshel Ltd. India. SMTPU (ether type)
MM6520 was obtained from SMP Technologies Inc. dapaboratory reagent Dimethylformamide (DMF)
was obtained from Central Drug House (P) Ltd, India remove the carbonaceous impurities from the
commercial grade MWCNTSs, they were oxidised inaia temperature of 350°C in a muffle furnace for a
period of 1 houP’, and mMMWCNT is obtained. A process chart showihghe details in the development of
MWCNT- SMTPU nanocomposites and the sample nomamelégs shown in figure 1. Field Emission
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Scanning Electron Microscopy (FESEM) was used tolysthe morphology of the modified and unmodified
MWCNT. The Thermo-Mechanical experimental setupuded a tensile stress measuring set-up placedeinsi
a hot water bath. The thermo-mechanical analysishied stretching the sample at 70°C in steps ah2uomp-

to a strain of 250% and measuring the corresporstiegses with the help of a calibrated load €aibling the
sample to room temperature while holding the steaid fixing the temporary shape. Re-heating thepsaito
70°C and decreasing the strain in steps of 2mmmaeaburing the corresponding recovery stresses.

Dissolving measured amount of
== SMTPU in DMF with Magnetic ™=
Stirrer Mixing SMTPU-DMF and

mMWCNT-DMF solutions by

Magnetic Stirrer for 1 hour and by

Drying SMPTU Pellets
at 100°C for 6 hours

Oxidizing the MWCNT in Dispersing measured Ultra-Sonication for 2 hours
the presence of air at amount of mMMWCNTs in
350°C for one hour in a =" owmr by Ultra-Sonication for l
muffle furnace 3 hours Casting the solution into a Teflon mould

'

Degassing and drying in a vacuum oven by
Removing the thin sheet from the mould gradually increasing the temperature to

and annealing at a 120°C for 1 hour 50°C over a period of 1 hour and holding
at 50°C for 2 hours

COMPOSITION COMPOSITION
DESIGNATION [ sMTPU MWCNT | DESIGNATION " sMTPU mMWCNT
(Parts by wt.) | (Parts by wt.) (Parts by wt.) | (Parts by wt.)
PUICNT 100 1 PUImCNT 100 1
PU3CNT 100 3 PU3mCNT 100 3
PUSCNT 100 5 PUSMCNT 100 5

Figure 1. Process details in development of mMMWCNT-SMTPUW 8fieets and sample nomenclature

Results and Discussion:

From the SEM micrographs in figure 2 it can be itfeaeen that air oxidation is an effective method
for the removal of carbonaceous impurities like gghous carbon and carbon nanoparticles. Figure&lgl
shows that the developed nanocomposites showedsidesable increase in stresses both during staestdh
recovery. The increase in the stresses of reinfloEBdTPU can be attributed to the effective transfestress to
the MWCNTS through interfacial shear stress betvibetMWCNTs and the matftk The increase in recovery
stress shows the reinforcement efficiency of MWCYsstoring the elastic strain energy during sinetg and
by reheating, the stored elastic strain energy nebsased and the nanocomposites exhibited largeveey
stres§. It was observed that SMTPU reinforced with maaifiMWCNT exhibits larger stresses as compared
to SMTPU reinforced with unmodified MWCNT, which @hs that by removing the impurities, more
MWCNTSs are made available in the stress transfevd®n the matrix.

The shape fixity "3,.") is the ability of the material to retain the tesmgry shape. It is quantitatively

.
expressed asﬁ £ £q 100% , Whereg; andeg are fixed and deformed strains respectively. It whserved
that all samples exhibited excelléht (above 95%). Figure 4 shows the effect of therfilontent on the shape
recovery. Shape recoverfl{) quantifies the ability of the material to memeriand recover its original shape.
_ (a2, 500
It is generally expressed as, Eq , Whereg, is the residual strain after recovery. An
increase irt» was observed with small amount of MWCNT (1phr)wéwer there was a decreasefis as
the filler content increased. This is might be dmeénclusion interaction of aggregated MWCNTSs in BRU,
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restricts the movement of the polymer chHdin€ompared to MWCNT-SMTPU, mMWCNT-SMTPU

showed a slight increase .

a) MWCNT b)mMWCNT

Figure 2. SEM micrographs of a) MWCNT and b) mMWCNT.
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Figure 3: Stretch-Recovery curves of a) MWCNT reinforced $NUTand b) mMMWCNT reinforces SMTPU in
comparison with bulk SMTPU
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Figure 4: Effect of MWCNT and mMWCNT reinforcement on theapke Recovery
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