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SEM Images 

 

Figure S1. SEM images of (a) HNT and (b) Org-HNT showing nanotube diameters 

 

 

 

 

 

 

 

 

 

 

 



Particle Size Distribution of Elastomeric Domains 

Figure S2-Figure S5 show size distribution of elastomeric domains in PP blends and 

composites. As it is observed from Figure S2, the number of elastomer particles having larger 

sizes increases as amount of EVA in the blend increases. The average sizes of the elastomer 

particles dispersed in the matrix are 205.46 nm, 251.25 nm and 347.48 nm for PP3EVA, 

PP9EVA and PP15EVA, respectively.  

 

 

Figure S2. The size distribution of elastomeric domains of (a) PP3EVA, (b) PP9EVA and (c) 

PP15EVA blends  

 

Figure S3 shows the size distribution for 1 % Org-HNT loaded composites. Compared to 

PP3EVA blend (Figure S2a), number of small-sized (100-500 nm) elastomer domains were 

found to be almost 1.5 times higher for EVACO compatibilized composite (1H1ECO(2EVA)) 

(Figure S3c). 



 

Figure S3. The size distribution of elastomeric domains of (a) 1H3EVA, (b) 

1H1EMA(2EVA), (c) 1H1ECO(2EVA) and (d) 1H1PMA(2EVA) composites  

 

All other composites show different size distribution depending on the amount of nanotube 

and elastomer domain used as well as nanotube location. The formation of larger sized and 

irregularly-shaped elastomer domains may be due to their coalescence abilities in presence of 

nanotubes between elastomer particles or around them. 1, 2 It may also be due to clustering of 

nanoparticle induced clustering of elastomer droplets in which the elastomeric particles keep 

their elongated shapes during melting process.1, 2  It is also known that if the clays are present 

at interphase and inside the elastomeric domains, the average size of elastomeric particles 

increases.3 This morphology refinement (from droplet morphology to an irregularly-shaped 

one) has been ascribed to viscosity increase of elastomeric droplets containing carbon 

nanotubes as high aspect ratio filler.4  



In current study, the selective location of nanotubes inside the EVA based compatibilizers and 

EVA and at their interphases depending on their polarities might result in elastomer phase in 

different sizes, especially at high loading degrees of the nanotubes and elastomer phase. It is 

clear from Figure S4 and Figure S5, that only the composites compatibilized with EVA-g-MA 

and EVACO in  3% and 5 % Org-HNT loadings show the elastomer domains in larger sizes 

(above 1500 nm). This can be explained with their relatively higher polarities resulting in 

more interaction with HNT surfaces as compared to EVA and PP-MA, leading to 

abovementioned probable coalescence or clay bridged clusters as irregularly-shaped 

morphologies.1  

 

Figure S4. The size distribution of elastomeric domains of (a) 3H9EVA, (b) 

3H3EMA(6EVA), (c) 3H3ECO(6EVA) and (d) 3H3PMA(6EVA) composites  

 

 

 



 

Figure S5. The size distribution of elastomeric domains of (a) 5H15EVA, (b) 

5H5EMA(10EVA), (c) 5H5ECO(10EVA) and (d) 5H5PMA(10EVA) composites  

 

 

 

 

 

 

 

 

 

 

 

 



FTIR analyses of EVA-g-MA and EVACO polymers 

In the FTIR spectra of EVA-g-MA and EVACO (Figure S6), the peaks between 2850 cm-1 

and 2919 are ascribed to symmetric and asymmetric CH2 vibrations. The peaks at 1737 cm-1 

and 1735 cm-1 are due to carbonyl stretching of vinyl acetate. The peak at 1712 cm-1 is for 

carbonyl group stretching of carbon monoxide in the backbone of EVACO. The peaks at 1467 

and 1373 cm-1 in the spectrum of EVACO-g-MA and 1465 and 1372 cm-1  in that of EVACO 

are ascribed to CH scissoring in –CH2– and symmetric deformation of CH in –CH3, 

respectively. The peak at 3204 cm-1 can be assigned to hydrogen bonded OOH groups5, 6 and 

vibrations of adsorbed water molecules since EVA-g-MA has hydrophilic character due to its 

polar groups. The peaks at 1237 and 1239 (Figure S6) correspond to the twisting and wagging 

of CH in –CH2–. The peaks at 1020 cm-1  and 720 cm-1 are due to   to C-O-C stretching and 

the rocking vibration of CH, respectively.6  

 

FTIR analyses of Org-HNT and 3H3EMA(6EVA) 

 

FTIR spectra of 3H3EMA(6EVA) as another representative composite sample and Org-HNT 

were given in Figure S7. The carbonyl (C=O) stretching of vinyl acetate of EVA-g-MA 

polymer (Figure S6) appeared at 1741cm−1 in the spectrum of 3H3EMA(6EVA) 

nanocomposite (Figure S7). This is due to intermolecular hydrogen bonding between the 

carbonyl group and hydroxyl groups of Org-HNT.6 Moreover, the appearance of new bands at 

1737 cm−1 and 1703 cm−1 (Figure S7) can be related to the formation of ester bond between 

MA group of EVA-g-MA polymer and HNT surface.7-9 The relatively broad and small peak at 

1021 cm−1 (Figure S7), representing the C-O-C stretching of vinyl acetate can be due to 

interaction of EVA-g-MA with OH groups of Org-HNT. The peaks at 905 cm-1 and 999 cm-1 

in the spectrum of Org-HNT was shifted to 899 cm-1 and 997 cm-1, respectively. The Si-O 

stretching peak at 1120 cm-1 was also shifted to 1045 cm-1 (Figure S7). These changes can be 

attributed to hydrogen bonding interactions between Org-HNT and EVA-g-MA polymer as 

mentioned for 3H3ECO(6EVA).10, 11 The smaller shift observed for absorption of Al-OH 

(from 3693 cm-1 to 3695 cm-1) (Figure S7), on the other hand, can be accepted as an 

indication of aluminol groups inside the lumen of Org-HNT interacting much less via 

carbonyl groups of EVA-g-MA polymer.12-13 

 



 

Figure S6. FTIR spectra of EVA-g-MA and EVACO. 

 

 

 

Figure S7. FTIR spectra of Org-HNT and 3H3EMA(6EVA). 



DSC analyses of PP, PP blends and nanocomposites 

 

Non-isothermal crystallization temperatures and melting temperatures of PP, PP blends and 

PP nanocomposites were determined by DSC analyses. Table S1 shows the results of DSC 

analysis. Figure S8 and Figure S9 show DSC thermograms of crystallization and melting 

peaks, respectively.  

 

Table S1. The results of DSC analyses for neat PP, PP/EVA blends and composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to the results, the crystallization percentages of all materials were higher than pure 

PP polymer. The percentage of crystallization of polypropylene in PP3EVA blend was found 

to be 8.35 % higher than that of neat PP (Table S1). This increase can be attributed to the 

EVA polymer acting as a nucleant for the polypropylene.14-16 As compared to PP3EVA, 

PP9EVA and PP15EVA blends containing relatively a higher percentage of EVA, exhibit 

lower crystallization temperatures but they are still higher than PP (Table S1).  

     1H3EVA nanocomposite showed a slightly higher percentage of crystallization compared 

to pure PP3EVA blend. This is due to the fact that silica nanotubes cause heterogeneous 

nucleation by showing a nucleant effect for the PP matrix.17 This change in the percentage of 

crystallization between PP3EVA and 1H3EVA has also been observed in PP9EVA and 

Material Tm (°C) XC (%) Tc (°C) 

PP 166.69 38.38 117.16 

    

PP3EVA 163.53 46.73 117.12 

1H3EVA 163.72 48.15 117.28 

1H1EMA(2EVA) 164.68 46.12 115.15 

1H1ECO(2EVA) 164.84 45.86 117.19 

1H1PMA(2EVA) 165.49 44.68 118.94 

    

PP9EVA 163.81 44.93 116.60 

3H9EVA 165.11 46.10 116.36 

3H3EMA(6EVA) 163.72 46.22 115.43 

3H3ECO(6EVA) 163.90 47.17 116.78 

3H3PMA(6EVA) 164.59 46.57 118.51 

    

PP15EVA 164.69 44.63 116.37 

5H15EVA 165.02 45.96 115.87 

5H5EMA(10EVA) 164.83 44.97 115.34 

5H5ECO(10EVA) 165.17 46.04 116.31 

5H5PMA(10EVA) 164.32 46.92 118.05 

    

PP1H 164.73 46.47 117.72 

PP3H 164.68 47.85 120.25 

PP5H 164.94 48.65 121.14 



3H9EVA and, PP15EVA and 5H15EVA and can be attributed to the reasons mentioned 

above. In systems using EVA-g-MA, EVACO and PP-g-MA compatibilizers, some 

differences were observed in the percent crystallization. When 1% Org-HNT was used, it was 

found that there was a reduction in the percentage of crystallization (Table S1), probably due 

to the reduced nucleation effect of the nanotubes interacting with these compatibilizers rather 

than polypropylene. It was reported in the literature that organophilic MMT18 and layered 

double hydroxide (LDH) fillers19 used in PP / EVA systems exhibited similar decreasing 

nucleant effect due to their interactions via EVA phase.  

     It is also seen from Table S1 that nanocomposites containing 3% and 5% by weight of 

Org-HNT and EVACO compatibilizer have higher PP crystallization percentages, probably in 

accordance with the better distribution of nanotubes in the matrix in those composites (Figure 

6-Figure 8, main article). Furthermore, as can be seen from Figure S8, the crystallization peak 

onset temperatures of nanocomposites is higher than that of neat PP polymer. 

     Crystallization percentages and crystallization temperatures of PP/Org-HNT binary 

composites were increased compared to that of neat PP (Table S1 and Figure S10). This 

result, as mentioned before, can be due to the fact that HNTs act as nucleating agents in 

heterogeneous nucleation of PP.20 This effect of HNTs in the nucleation is more evident in the 

crystallization temperatures of 3% and 5% Org-HNT loaded PP composites (Table S1). On 

the other hand, when EVA or the compatibilizers with HNT were added to the PP matrix, Tc 

values were reduced by lowered nucleation effect due to the interaction / encapsulation of the 

HNTs with these phases.18-19 

     In the composites with PP-g-MA compatibilizer, higher crystallization percentage and 

crystallization temperature values than pure PP can be based on increasing intermolecular 

interaction with the carbonyl groups present in this compatibilizer and co-crystallization 

effect. 21-24 

     In terms of melting temperatures, a slight decrease was observed in all the composites 

compared to pure PP (Table S1). This result can be attributed to heterogeneous nucleation 

with HNT and elastomer/compatibilizer contributions, which may lead to possible reduction 

in the size of to the spherulites, and heterogeneous size distribution of spherulites. The 

possible formation of relatively more and smaller spherulites may be the reason for lower 

melting temperatures of the composites.25 

 



 

Figure S8. DSC crystallization peaks of PP, PP blends and the nanocomposites containing 

compatibilizers. 

 

 



 

Figure S9. DSC melting peaks of PP, PP blends and the nanocomposites containing 

compatibilizers. 

 

 

Figure S10. DSC crystallization and melting peaks of PP/HNT binary composites. 

 

 

 

 

 



SEM images for fractured surfaces of selected samples 

 

 

Figure S11. SEM image for the tensile test fractured surface of PP3H. 

 

 

Figure S12. SEM image for the tensile test fractured surface of PP9EVA. 

 

 

 



 

Figure S13. SEM image for the tensile test fractured surface of 3H3PMA(6EVA). 

 

 

Figure S14. SEM image for the impact fractured surface of 3H3PMA(6EVA). 
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