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1. Introduction 
 
Polymer-based composite materials have gained 

so much attention from researches in academia and 

industries in recent years. Carbon nanotubes (CNTs) 

are considered to be one of the most promising 

reinforcing fillers because of their superior 

mechanical strength, high electrical and thermal 

conductivities, and good thermal stability [1-3]. 

Polyurethane (PU) is among the most widely used 

polymers because it can easily be processed and has a 

good resistance to chemicals [2]. In the present study, 

acid-treatment of MWNT was done to promote 

dispersion in solution. The objective of this study was 

to investigate the effect of visible and infrared  light 

on heating MWT/PU composite film, and the effect 

of MWNT on the surface morphology, characteristics 

and mechanical properties of the composite film.  
 

2. Materials and Methods 
 

Multi-walled carbon nanotubes (MWNTs, d = 10 

nm, 95% purity) were used as filler in the present 

study. Thermoplastic polyurethane was used as the 

polymer and dimethylformamide (DMF) as the 

solvent. MWNT loadings of 0.05, 0.1, 0.5, and 1.0% 

in 8.3wt% PU were prepared in this study. Pre-dried 

PU pellets and MWNTs were each dissolved in DMF 

separately. Both solutions were then mixed and 

further stirred magnetically for 15-24 h. Bath 

sonication followed for 2 h and then, the solution was 

poured on a glass substrate, and lathered smoothly. 

The solvent was evaporated using a dry oven at 80oC 

for 24 - 48 h. Figure 1 shows the procedure used in 

this study. Characterization of MWNTs and films 

were obtained by FESEM-EDS, TGA and UV-Vis 

spectroscopy. The mechanical properties were 

measured by a tensile tester. Exothermic test was 

done using visible and infrared light sources. 

Fig. 1 The present film fabrication procedure 

 
3. Results and Discussion 

 
Figure 2 shows the FESEM images of MWNTs 

and composite film used in the present study. Many 

studies show the good effect of acid-treatment (AT) 

for a better dispersion of CNT in polymer matrix. 

Good dispersion is an important parameter to enable 

a good load transfer of CNT to the polymer matrix in 

order to improve the properties of the composite film 

[1-3]. Fig. 2c shows only uniform PU surface with 

small white spots. A closer look (inset of Fig. 2c) 

confirms the presence of MWNTs embedded in the 

PU matrix, which are not in bundle. Transparency 
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photos (Fig. 3) clearly show that the film became less 

transparent when the MWNT loading was increased. 

The 1.0 wt% loading gave the most opaque film, 

showing dark color. From Fig. 3, one can also clearly 

see a uniform dispersion of the MWNT in the film.  

Fig. 2 FESEM images of (a) purified MWNT, (b) 

acid-treated MWNT, and (c) composite film 

Fig. 3 Transparency photos of composite films. 

 

Figure 4 shows the heating effect of visible and 

infrared light irradiation on the MWNT/PU 

composite film. These results are preliminary and are 

not conclusive yet. When a weak yellow visible light 

was used as the light source (see Fig. 4a), there was 

only a maximum of 1oC increase in film temperature. 

Many studies report on the good absorption of 

infrared light by CNT thus producing more heating 

effect, but the heating of visible light has not been 

reported yet. This heating of MWNT/PU composite 

film has very good application in phototherapy. The 

irradiation of infrared (Fig. 4b) on the composite film 

increased the film temperature by 8-20oC depending 

on the MWNT loading. This could be attributed to 

the high thermal conductivity of CNTs as reported in 

many studies [3].  

Figure 5 shows the TGA and tensile test results. 

The addition of MWNTs on the PU matrix raises the 

maximum thermal degradation of the composite film 

(Fig. 5a). The incorporation of  MWNTs greatly 

enhanced the tensile strength of the composite film 

[3], i.e. an increase of 10-37% from the neat PU 

tensile strength values (Fig. 5b). There was also an 

increase of 10-100% in Young’s modulus depending 

on the MWNT loading. Carbon nanotubes are known 

to be the strongest materials together with graphene. 

The results also give good strain values, i.e., the 

composite film’s ability to resist mechanical 

deformation is enhanced without sacrificing its 

elongation. The best result achieved was at a loading 

of 0.1 wt%.  

Fig. 4 Exothermic test results for (a) visible, and (b) 

infrared light irradiation 

Fig. 5 (a) Thermal degradation and (b) mechanical 

properties of neat PU and composite film 
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