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ABSTRACT 

We studied the selective localization of carbon nanofillers, such as multi-walled 

carbon nanotube (MWCNT) and graphene nanoplatelet (GNP), in immiscible polymer 

blends composed of polycarbonate (PC) and polyethylene (PE) or ethylene-propylene 

copolymer (EPR). It was found that the distribution state of the carbon nanofillers in 

the composites is greatly affected by the mixing temperature and the species of 

nanofillers. MWCNTs resided in the PE or EPR phase in the composites, which 

cannot be explained by the difference in the interfacial tension. A similar morphology 

was detected in the PC/GNP/PE composite prepared at 300 oC. In contrast, the 

PC/GNP/PE composite prepared at the low temperature (250 oC) and the 

PC/GNP/EPR composites have the carbon nanofillers mostly in the PC phase. The 

selective localization in the PE or EPR phase is attributed to the surface adsorption of 

PE or EPR chains on the carbon nanofillers, which is more obvious for PE and at the 

high mixing temperature. These results demonstrate that both the species of carbon 

nanofillers and the mixing temperature affect the carbon nanofiller distribution in the 

immiscible blends.  

 

 

Keywords: Polycarbonate; Polyethylene; Ethylene-Propylene Copolymer; Carbon 

Nanofiller; Polymer Blend
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1. Introduction 1 

Polymer composites consisting of a polymer matrix with nanofillers have 2 

attracted significant interest from researchers due to their potential as 3 

high-performance materials. In particular, precise control of nanofiller distribution 4 

makes it possible to tune various properties of a composite of two or more polymer 5 

species containing nanofillers. When nanofillers are introduced into an immiscible 6 

polymer blend composed of two polymer species, three cases of filler dispersion can 7 

take place: (i) nanofillers are randomly dispersed in both polymer phases, (ii) 8 

nanofillers are unevenly distributed in each phase, and (iii) nanofillers localize at the 9 

boundary of phases [1-4]. In order to control the structure, the recipe of a polymer 10 

blend and processing conditions have to be appropriately selected.  11 

Dispersing nanofillers uniformly in an immiscible polymer blend is difficult even 12 

with stress that surpasses a cohesive force of filler agglomerations. Moreover, in many 13 

cases uneven distribution occurs. The main factors affecting localization of nanofillers 14 

are classified into thermodynamic and kinetic effects [5]. The thermodynamic effect is 15 

determined by the difference in the interfacial tension among polymer pairs and filler 16 

[6-8]. According to Mamunya, the spatial distribution of carbon black (CB) in an 17 

immiscible polymer blend is determined by the interfacial tension Γi-c between 18 

i-polymer and CB, as well as the interfacial tension between polymer pairs ΓA-B [9]. 19 

This behavior is well expressed using the wetting coefficient  𝜔𝜔𝑎𝑎 defined as equation 20 

(1) [1], which was confirmed by previous researches [10-12]; 21 

𝜔𝜔𝑎𝑎 = 𝛤𝛤𝐴𝐴−𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝛤𝛤𝐵𝐵−𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝛤𝛤𝐴𝐴−𝐵𝐵

                         (1) 22 

when 𝜔𝜔𝑎𝑎 is smaller than -1, fillers exist in phase A. In contrast, fillers exist in phase 23 

B at 𝜔𝜔𝑎𝑎 > 1. Moreover, fillers are localized at the phase boundary at −1 < 𝜔𝜔𝑎𝑎 < 1.  24 

Kinetic effect [13] can be controlled by the mixing process. It has been 25 

demonstrated that the distribution state of fillers in a polymer blend is often different 26 

from the equilibrium state because of its high viscosity. In particular, nanofillers can 27 

not diffuse into a polymer with an extremely high viscosity [14,15]. In this case, 28 

nanofillers have to reside in a low viscous phase or on the surface of a high viscous 29 
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phase. Such localization leads to an electrical conductive path with a small amount of 30 

conductive fillers [16-19]. 31 

In the previous paper [20], we found that multi-walled carbon nanotubes 32 

(MWCNTs) were dispersed in the continuous polypropylene (PP) phase in the blends 33 

of PP and ethylene-propylene copolymer (EPR) when the composite was prepared at 34 

low temperatures. Furthermore, nitrogen gas purging was effective to the preferential 35 

distribution of MWCNTs in the matrix, i.e., PP. Without the use of nitrogen, in 36 

contrast, more MWCNTs were distributed in the dispersed EPR phase when the 37 

mixing temperature was high, e.g., 280 oC. This is attributed to the adsorption of EPR 38 

molecules on the MWCNT surface during melt mixing. These results significant for 39 

the material design of rubber-toughened plastics, although it is still unknown whether 40 

nanofiller distribution is controlled by the mixing condition for other blend systems. 41 

In this research, we investigated the effect of the mixing conditions, specifically 42 

temperature, on the nanofiller localization using immiscible blends composed of 43 

polycarbonate (PC) and polyethylene (PE) or EPR. The effect of shape and species of 44 

carbon nanofillers on the distribution state was studied using MWCNT and graphene 45 

nanoplatelet (GNP).  46 

 47 

2. Experimental 48 

2.1 Materials 49 

The polymers used in this study were commercially available bisphenol A 50 

polycarbonate (PC) (Panlite L-1225Y, Teijin, Japan, MFR=11 [g/10 min]), 51 

high-density polyethylene (PE) (HJ590N, Japan Polyethylene, MFR=40 [g/10 min]), 52 

and ethylene-propylene copolymer (EPR) (EP11, JSR, Japan) with an ethylene 53 

content of 52 wt.% The Mooney viscosity ML(1+4) 100 oC of EPR is 40. Because of 54 

the large amount of propylene, the EPR is fully amorphous at room temperature. The 55 

number- and weight-average molecular weights, characterized by a size exclusion 56 

chromatograph (SEC) (HLC-8020, Tosoh, Japan) using chloroform as an eluent, are 57 

Mn =1.9×104 and Mw =9.7×104 for PC and 4.0×106 and 4.7×106 for EPR, as a 58 

polystyrene standard. Moreover, Mn and Mw of PE were also characterized by SEC 59 
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using 1,2,4-trichlorobenzene at 140 oC and found to be 8.7×103 and 4.9×104, 60 

respectively, as a polyethylene standard. The density of PE is 960 [kg/m3] at room 61 

temperature. 62 

Multi-walled carbon nanotubes (MWCNTs) were produced by a catalytic 63 

chemical vapor deposition method using a floating reactant method and subsequent 64 

thermal treatment up to 2600 oC. Typical diameters of the MWCNTs range from 40 to 65 

80 nm, while the lengths are between 10 and 20 µm. The density is approximately 66 

2300 [kg/m3]. PC/MWCNT (80/20, in weight fraction) was provided by Hodogaya 67 

Chemical (Japan) in pellet form. Graphene nanoplatelets (GNPs) were produced by 68 

Graphene Platform in powder form. The average diameter ranges from 3 to 30 µm, 69 

and the thickness is between 0.3 and 1.5 nm. PC/GNP (80/20, in weight ratio) was 70 

prepared by adding the GNP powder to the PC-chloroform solution at room 71 

temperature. After drying, the composite was kneaded at 280 oC for 15 min using a 72 

co-rotating twin-screw mixer with a disclosed condition 73 

(ULT15TWNANO-15MG-NH, Technovel, Japan). The screw rotation speed was 250 74 

rpm. 75 

 76 

2.2 Sample preparation 77 

Prior to melt blending, PC/MWCNT (80/20) and PC/GNP (80/20) were dried at 78 

120 oC for 8 h in a vacuum oven in order to remove the moisture. PC/Nanofiller 79 

(80/20) and PE or EPR were mixed using a 30cc internal batch mixer (IMC-1891, 80 

Imoto, Japan) at various temperatures for 20 min with a blade rotation speed of 50 81 

rpm. The blend ratio of PC/Nanofiller (80/20) to PE or EPR was 50/50 in the weight 82 

fraction, i.e., PC/Nanofiller/PE or EPR (40/10/50) with 10000 ppm of a thermal 83 

stabilizer (Sumilizer-GP, Sumitomo Chemical, Japan). In addition, PC/PE (40/50, in 84 

weight ratio) and PC/EPR (40/50, in weight ratio) were also prepared as reference 85 

samples under the same condition, but without carbon nanofillers. 86 

The obtained samples were compressed into flat sheets with a thickness of 1 mm 87 

using a laboratory compression-molding machine at 250 oC under 10 MPa for 3 min 88 

and subsequently cooled at 25 oC for 3 min. 89 



Fan et al., 4 
 

 

 90 

2.3 Measurements 91 

Flat sheets of PC/PE, PC/MWCNT/PE, and PC/GNP/PE with a thickness of 92 

about 1 mm were immersed in chloroform to eliminate PC fraction at room 93 

temperature for one day. Then, the insoluble portion in chloroform, which was 94 

collected by using a paper filter with 110 µm of a pore size, was further immersed into 95 

hot-xylene at 140 oC for 6 h. Prior to the measurements, it was confirmed that PE is 96 

fully dissolved in hot-xylene under the same condition. The chloroform and xylene 97 

solutions containing dissolved polymers were collected and dried to characterize the 98 

polymer species. Another immersion experiment was performed using 99 

dichloromethane at room temperature for three days using the blend and composites 100 

comprising EPR, because dichloromethane selectively dissolves the PC fraction. 101 

Moreover, the insoluble portion collected by the paper filter was dried and weighed to 102 

calculate the soluble fraction. 103 

Thermal properties were evaluated using a differential scanning calorimeter 104 

(DSC) (DSC 8500, Perkin Elmer, USA) under nitrogen atmosphere. The sample was 105 

heated from room temperature to 200 oC at a scanning rate of 10 oC/min to evaluate 106 

the crystallinity and the melting point Tm. After keeping at 200 oC for 3 min, the 107 

sample was cooled to 30 oC at 10 oC/min to evaluate the crystallization temperature 108 

Tc. 109 

The morphology and localization of carbon nanofillers in the composites were 110 

detected using a scanning electron microscope (SEM) (S4100, Hitachi, Japan). For 111 

SEM observations, the sheets were cryofractured in liquid nitrogen. Furthermore, the 112 

detail characterization was performed to obtain backscattered electron images using a 113 

field-emission SEM (JSM-7100F, JEOL, Japan). The sheets were cut by an 114 

ultra-microtome (MT-XL, RMC-Boeckeler, AZ, USA) at -100 oC and stained by 115 

ruthenium tetraoxide prior to the observation. 116 

The frequency dependence of the dynamic tensile modulus was measured using a 117 

dynamic mechanical analyzer (Rheogel-E4000, UBM, Japan) from 0.1 to 100 Hz at 118 

room temperature. Rectangular specimens with 1 mm thickness were cut from the 119 
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compressed films. 120 

Electrical resistivity measurements were carried out on the surface of the 121 

compressed films using a constant-current supply resistivity meter (MCP-T610, 122 

Mitsubishi Chemical Analytech, Japan). The resistivity was measured five times for 123 

each sample at room temperature and the average value was calculated.  124 

 125 

3. Results and discussion 126 

3.1 PC/PE with carbon nanofillers 127 

Immersion experiments were carried out to reveal the nanofiller distribution as 128 

shown in Figure 1. The weight fraction of the dissolved sample was measured after 129 

drying and confirmed to be identical to the PC fraction, i.e., 40 wt.% in the 130 

PC/MWCNT/PE composites, as shown in Table 1. Furthermore, the FT-IR spectra, 131 

shown in Figure 2, demonstrate that only PC was dissolved into the solvent. Although 132 

the spectra for the soluble part in the composites prepared at 300 oC are shown in the 133 

figure, similar results were obtained for the composites mixed at 250 oC. 134 

 135 

Table 1 Weight fraction of PC/PE with carbon nanofillers evaluated by the immersion 136 

experiment. 137 

Filler Mixing 
Temperature 

Soluble part  
in CHCl3 

(wt.%) 

Insoluble part in CHCl3 
Soluble part in 

xylene  
(wt.%) 

Insoluble part 
in xylene 
(wt.%) 

MWCNT 
250 oC 39 46 15 

300 oC 39 47 14 

GNP 
250 oC 42 48 11 

300 oC 39 50 11 

 138 
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      139 

Fig. 1. Photographs of the immersion experiment in chloroform.  140 

 141 

As seen in the photographs, the solutions were yellow, not black, for the 142 

PC/MWCNT/PE composites, irrespective of the mixing temperature, although most 143 

PC was dissolved into chloroform. This result suggests that most MWCNTs 144 

transferred from PC to PE during mixing, which is attributed to the surface adsorption 145 

of PE chains on the surface of the MWCNTs, as explained in detail later. The same 146 

result was obtained for the PC/GNP/PE (40/10/50) composite prepared at 300 oC. In 147 

contrast, the solution of PC/GNP/PE (40/10/50) composite prepared at 250 oC became 148 

black, indicating that a large amount of GNPs still remained in the PC phase.  149 

 150 

400800120016002000

PC/GNP/PE 300oC

PC/MWCNT/PE 300oC

PC

PE

A
bs

or
ba

nc
e

Wavenumber (cm -1)  151 

Fig. 2. Infrared spectra of the soluble part in chloroform at room temperature for 152 

PC/MWCNT/PE (40/10/50) and PC/GNP/PE (40/10/50) prepared at 300 oC. The 153 

spectra of pure PC and PE are also shown as references. 154 

 155 

PC/MWCNT/PE 
mixed at 250 oC 

PC/MWCNT/PE 
mixed at 300 oC 

PC/GNP/PE 
mixed at 250 oC 

PC/GNP/PE 
mixed at 300 oC 
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    156 

 157 

Fig. 3. SEM images of cryofractured surface of (a) PC/MWCNT/PE (40/10/50), (b) 158 

PC/GNP/PE (40/10/50), and (c) PC/PE (40/50). All samples were mixed at 300 oC. 159 

 160 

Cryofractured surface of the composites prepared at 300 oC was observed by 161 

SEM. As shown in Figures 3 (a) and (b), the carbon nanofillers were unevenly 162 

distributed only in a specific area, and some areas did not have any nanofillers. 163 

Considering that the solution color was fairly transparent, the area with carbon 164 

nanofillers was determined to be the PE phase. 165 

To characterize the PE phase, the insoluble portion in chloroform was put into 166 

boiled xylene. It was found that the insoluble portion was detected even in the hot 167 

xylene for the PC/MWCNT/PE composites, demonstrating that trace amounts of PE 168 

fraction are strongly adsorbed on the MWCNT surface and form network structure. 169 

Furthermore, the solution was transparent as shown in Figure 4. The weight fraction 170 

of the remaining insoluble part in the hot xylene is shown in Table 1. The dissolved 171 

part in hot xylene (46.6 wt.% of the PC/MWCNT/PE prepared at 300 oC) was found 172 

to be PE by FT-IR and DSC. The surface of the insoluble portion in hot xylene is 173 

(a) (b) 

30 µm 30 µm 

(c) 

30 µm 
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displayed in Figure 5. PE crystals, confirmed by the DSC measurement (Fig. 6), were 174 

clearly detected on the MWCNT surface even after immersion in hot xylene.  175 

The surface modification of MWCNTs by PE molecules enhances the selective 176 

localization of MWCNTs in the PE phase. This is a similar effect of the bound rubber 177 

molecules in immiscible rubber blends [21].  178 

 179 

   180 

Fig. 4. Photographs of the immersion experiments in hot xylene using the insoluble 181 

part in chloroform. (a) PC/MWCNT/PE and (b) PC/GNP/PE mixed at 300 oC. 182 

 183 

     184 

Fig. 5. SEM images of the surface of the insoluble part in hot xylene. (a) 185 

PC/MWCNT/PE and (b) PC/GNP/PE mixed at 300 oC. 186 

(a) (b) 

(a) 

500 nm 10 µm 

(b) 
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 Fig. 6. DSC heating and cooling curves for the insoluble part in hot xylene. 188 

 189 

GNPs were dispersed in hot xylene even for the composite prepared at 300 oC, 190 

suggesting that network structure composed of PE molecules and GNPs was not well 191 

developed in the composite. The dispersed GNPs in the hot xylene were collected and 192 

observed by SEM after drying. PE crystals were not clearly detected on the GNP 193 

surface. Moreover, the melting and crystallization peaks ascribed to PE were not 194 

detected by the DSC measurements as shown in Figure 6. Although there is a 195 

possibility that the adsorbed PE shows low crystallinity, the amount of the insoluble 196 

PE (weight fraction of insoluble part in xylene – weight fraction of carbon nanofillers 197 

(10 wt.%)) is significantly low as shown in Table 1. In the case of the composite with 198 

MWCNTs, the nucleating ability to PE was confirmed from the DSC cooling curve. 199 

These results suggest that the surface of MWCNTs is more active than that of GNPs. 200 

Presumably, the surface activity of carbon nanofillers is affected by surface defects 201 

and/or oxidized functions. 202 

 203 

3.2 PC/EPR with carbon nanofillers 204 

Similar experiments were performed using EPR instead of PE. Figure 7 shows 205 

the photographs of the solvent immersion experiments. Dichloromethane was used as 206 

a solvent for the composites of PC/EPR, because it dissolves PC, not EPR at room 207 

temperature, which was confirmed prior to the experiments. 208 

 209 
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    210 

Fig. 7. Photographs of the immersion experiments in dichloromethane.  211 

 212 

The solutions for the PC/MWCNT/EPR composites were fairly transparent. 213 

Considering the weight fraction of the insoluble portion (Table 2) and the FT-IR 214 

spectra of the soluble part (Fig. 8), most MWCNTs moved from PC to EPR during 215 

mixing even at 190 oC. In contrast, the solutions of the PC/GNP/EPR composites 216 

were black irrespective of the mixing temperature, suggesting that GNPs remained in 217 

the PC phase. The result demonstrates that the species of carbon nanofillers greatly 218 

affects the transfer phenomenon; i.e., The adhesion on the GNP surface of EPR 219 

molecules is significantly different from that of PE. In other words, GNPs prefer to 220 

stay in PE rather than EPR. It is well known that polyolefins show the autoxidation 221 

reaction at mixing/processing operations [22-28]. The free radical generation becomes 222 

prominent at high temperatures especially beyond 250 oC [24-30]. Although PE shows 223 

crosslinking reaction at conventional processing temperature, polypropylene (PP) 224 

exhibits chain scission reaction. The difference stems from the existence of tertiary 225 

carbon atoms in the backbone. Therefore, PP shows β-cleavage of tertiary alkyl 226 

radicals, which easily occurs, leading to decrease in molecular weight. In contrast, 227 

relatively stable radicals involving peroxide radicals in ethylene unit play an 228 

important role on the chemical reaction with the surface active site of carbon 229 

nanofillers during mixing. Moreover, the recent studies indicated that the MWCNTs 230 

accelerate the radical generation for PE and EPR at high temperatures, e.g., 250 – 231 

300 oC [20,30]. The present experimental results also support the mechanism that free 232 

radicals in ethylene unit, generated at high temperature, are responsible for the 233 

reaction with surface of carbon nanofillers.  234 

PC/MWCNT/EPR 
mixed at 190 oC  

PC/MWCNT/EPR 
mixed at 250 oC 

PC/GNP/EPR 
mixed at 250 oC 

PC/GNP/EPR 
mixed at 300 oC 
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Table 2 shows that the insoluble portion of the composite with MWCNTs is less 235 

than that of the composites with GNPs. Moreover, the weight fraction is lower than 60 236 

wt.%, i.e., the sum of the weight fractions of EPR and carbon fillers. This result 237 

indicates that some EPR molecules, which may be degraded by chain scission reaction, 238 

dissolve into the solvent. 239 

 240 

Table 2 Weight fraction of PC/EPR with carbon nanofillers evaluated by the 241 

immersion experiment. 242 

Filler Mixing 
Temperature 

Insoluble part in 
CH2Cl2 (wt.%) 

MWCNT 
190 oC 55 

250 oC 54 

GNP 
250 oC 56 

300 oC 57 

400600800100012001400160018002000

EPR

PC

PC/MWCNT/EPR 250oC

PC/GNP/EPR 250oC

A
bs

or
ba

nc
e

Wavenumber (cm -1)  243 

Fig. 8. Infrared spectra of the soluble parts in dichloromethane at room temperature 244 

for PC/MWCNT/EPR (40/10/50) and PC/GNP/EPR (40/10/50). 245 

 246 

The solution was filtrated to remove GNPs by the paper filter to confirm the 247 

polymer species by FT-IR after drying. The spectra were the almost the same with that 248 

of the pure PC. The EPR fraction was not detected at least by the FT-IR measurements. 249 
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After the solvent immersion experiment, a chunk of the sample was detected in the 250 

solution. This result indicates that EPR is a matrix of the composites.  251 

The cut surface of the composites, i.e., PC/MWCNT/EPR and PC/GNP/EPR, 252 

was observed by backscattered electron image of SEM to confirm the distribution 253 

state of the nanofillers clearly. The surface cut by the ultramicrotome was observed 254 

after the exposure to the vapor of ruthenium tetraoxide.  255 

 256 

 257 

   258 

   259 

Fig. 9. SEM images (top) cut surface of PC/MWCNT/EPR (40/10/50), (middle) cut 260 

surface of PC/GNP/EPR (40/10/50), and (bottom) cryogenically fractured surface of 261 

PC/EPR (40/50). All samples were prepared at 250 oC. 262 

10 µm 2.5 µm 

10 µm 2.5 µm 

10 µm 30 µm 
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 263 

As shown in Figure 9, the phase-separated structure was clearly detected for both 264 

composites, although their nanofiller distribution was greatly differed. The nanofillers 265 

existed in one of the co-continuous phases, i.e., EPR, in the composite with MWCNTs. 266 

In contrast, sea-island structure was observed for the composite with GNPs, in which 267 

GNPs were selectively localized in the dispersed phase. The phase boundary of the 268 

composite with MWCNTs was not smooth, which must be due to the high viscosity of 269 

the continuous phase, leading to the long characteristic time of orientation relaxation. 270 

The surface resistivity was shown in Table 3. The resistivity must correspond 271 

with the structure and localization state of the nanofillers. In other words, the 272 

composite with low surface resistivity contains a large amount of nanofillers in the 273 

continuous phase. For example, the PC/MWCNT/EPR prepared at 250 oC showed low 274 

resistivity, whereas PC/GNP/EPR prepared at the same temperature exhibited high 275 

resistivity. This is reasonable because the former has MWCNTs in the continuous 276 

phase while the latter has GNPs in the dispersed phase as demonstrated in Fig. 9. 277 

 278 

Table 3 Surface Resistivity  279 

Polymer pair Filler Mixing 
Temperature 

Surface 
Resistivity Ω/sq. 

PC/PE 

MWCNT 
250 oC 3.3×105 

300 oC 1.5×102 

GNP 
250 oC 1.9×109 

300 oC 7.8×109 

PC/EPR 

MWCNT 
190 oC 4.1×108 

250 oC 9.2×103 

GNP 
250 oC 2.8×1012 

300 oC 4.5×1013 

 280 

The dynamic tensile modulus at room temperature was measured using the films 281 

of PC/nanofiller/EPR composites and the reference samples as a function of frequency 282 
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as shown in Figure 10. 283 

6

7

8

9

10

-2 -1 0 1 2 3
log [Freq. (Hz)]

PC

EPR

PC/EPR 

PC/MWCNT/EPR 250 oC
lo

g 
[E

' (
Pa

)]

PC/GNP/EPR 250 oC

25 oC

 284 

Fig. 10. Frequency dependence of tensile storage modulus E’ for PC, EPR, PC/EPR 285 

(40/50), PC/MWCNT/EPR (40/10/50), and PC/GNP/EPR (40/10/50) at room 286 

temperature. 287 

 288 

Because PC is in the glassy region at this temperature, it shows a constant value 289 

of the tensile storage modulus E’ in a wide range of frequencies. The 290 

PC/MWCNT/EPR composite prepared at 250 oC also shows a constant E’. This result 291 

indicates that PC is a continuous phase, which corresponds with the SEM image. In 292 

contrast, E’ of EPR is a typical value in the rubber region and is frequency dependent. 293 

The frequency dependence of E’ is also detected for PC/EPR, and the PC/GNP/EPR 294 

composite prepared at 250 oC. The result is reasonable because the EPR phase exists 295 

as a continuous phase as shown in Fig.9. As a result, E’ of the PC/MWCNT/EPR 296 

composite is significantly higher than that of the PC/GNP/EPR composite.  297 

 298 

4. Conclusion 299 

The interphase transfer of carbon nanofillers in the immiscible blends such as 300 

PC/PE and PC/EPR was studied. Although the nanofiller distribution in an immiscible 301 

polymer blend can be predicted by the wetting coefficient in general, which can be 302 

expressed by the interfacial tensions among components, the adsorption of PE and 303 
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EPR molecules on the carbon surface, i.e., bound molecules, greatly affects the 304 

distribution state. It was found that PE molecules adsorb more easily on the carbon 305 

nanofillers than EPR, suggesting that ethylene unit is responsible for the surface 306 

adsorption. Furthermore, the surface adsorption was accelerated by high temperature 307 

mixing, presumably owing to the frequent radical generation. Finally, the surface of 308 

MWCNT is found to be more active than that of GNP used in this study. These results 309 

demonstrate that bound molecules that are generated during mixing play an important 310 

role on the nanofiller distribution.  311 

 312 
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