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Abstract 
 

To investigate the combined effect of graphene (Gra) and poly(methoxy poly(ethylene glycol) monomethacrylate-co-1-vinyl-
3-ethylimidazolium bromide) (P[MPEGMA-IL]) on the morphology, crystallization behavior and dielectric properties for 

polylactide (PLA)/poly(-caprolactone) (PCL) blends, a series of PLA/PCL blend based composites have been prepared using 
solution-cast method. The P[MPEGMA-IL] modified Gra could be mainly localized in the PCL domains, and improved the 
dispersibility of PCL phase in the composites. Due to the heterogeneous nucleation of Gra and ion cluster of P[MPEGMA-IL], 
the crystallinity of PLA and PCL were improved simultaneously with the increase of modified Gra content. The good 
conductivity of Gra and the better dispersion of PCL made the PLA/PCL blends with higher dielectric permittivity owing to 
the increase of the mobile charge carriers at the interfaces. 
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1. Introduction 

With the increasing shortage of oil resources and the serious 

environmental problem, polylactide (PLA) as a 

biodegradable thermoplastic polymer has received much 

attention in recent years.[1-3] It has good application prospects 

in electronic fields because of easy processability and good 

mechanical strength. However, poor tensile toughness and 

low impact strength limit its applications.[4,5] The mechanical 

properties and crystallinity of PLA can be greatly improved 

by adding some plasticizers, nanofillers, or blending with 

other rubbery biodegradable polymers.[6-9] The rubbery and 

biodegradable poly(-caprolactone) (PCL) has good 

toughness and its ductility even exceeds the low density 

polyethylene used as a film material, which can effectively 

improve the problem of the brittleness of PLA.[10-12] The 

common compatibilizing agents such as PLA-PCL random, 

PLA-PCL-PLA block copolymers can improve the interfacial 

adhesion and enhance the miscibility of the two 

components.[13-15]  

Graphene (Gra) is a two-dimensional carbon material 

with a single atomic layer.[16,17]The tight bonding of Gra 

surface and the delocalized electrons generated by the sp2 

hybridization of the carbon atoms give excellent mechanical 

property, charge mobility and electrical conductivity.[18-20] 

Gra can be used as conductive filler to improve dielectric 

constant of polymer composites near percolation 

threshold.[21,22] Ionic liquids are usually composed of 

relatively large, asymmetrical organic cations and inorganic 

anions of relatively small size.[23] The compatibility of the 

biodegradable PLA/PCL blend was improved in the presence 

of organoclays and organoclay/graphene mixtures.[24] The use 

of filler mixtures to prepare composite materials is a very 

interesting way to have the best properties using classical 

methods of preparation. 

Ionic liquids are known for their good thermal stability, 

chemical stability, electrical conductivity and low vapor 

pressure.[26,27] Ionic liquid-containing diblock copolymer can 

be used as compatibilizer to control interfacial structure and 

corresponding properties of incompatible bio-polyester 

blends.[28] There was a non-covalent interaction between 

ionic liquid and Gra, which promoted the dispersion of 

Gra.[29,30] The fillers such as Gra, CNTs and ionic liquid 

could selectively localized at the PCL phase and phase 

interface, and the change of viscosity ratio of PLA/PCL 

induce phase inversion of PLA/PCL blends.[28, 31-32] 
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In this work, poly (methoxy poly (ethylene glycol) 

monomethacrylate-co-1-vinyl-3-ethy limidazolium bromide 

(P[MPEGMA-IL]) and Gra were used to control the 

morphological structure of PLA/PCL blends and the 

dielectric properties of the blends. The objective of this study 

is to explore the effect of distribution and dispersion of Gra 

modified by P[MPEGMA-IL] on the phase morphology and 

the dielectric properties of the blends. 

2. Experimental 

2.1 Materials 

Polylactide (PLA, grade 4032D) was purchased from Nature 

works Co., Ltd. Polycaprolactone (PCL) was purchased from 

Solvay Co., Ltd. Graphene (Gra, 0.5-2 μm in diameter, 0.8-

1.2 nm thickness) was obtained from Nanjing XFNANO 

Materials Tech Co., Ltd. 1-vinyl-3-ethylimidazolium bromide 

ionic liquid (IL) was obtained from Lanzhou Institute of 

Chemical Physics, China. Methoxy poly (ethyleneglycol) 

monomethacrylate (MPEGMA) was purchased from Aladdin 

Chemical Co. The synthesis and characterization of 

P[MPEGMA-IL] copolymer were displayed in Fig. S1. 

2.2 Sample preparation 

The PLA/PCL/P[MPEGMA-IL]/Gra composites were 

prepared by solution mixing. Firstly, the P[MPEGMA-IL] 

were dissolved in dichloromethane (DCM). Then Gra was 

added to the solution with the aid of sonication for 2 h. PLA 

and PCL were also dissolved in DCM, and the mass ratio of 

between PLA and PCL was 7:3. The P[MPEGMA-IL]/Gra 

dispersion liquid was further mixed with polymer solution at 

40 °C by using magnetic stirring and sonication. Until the 

solvent volatilized completely, the samples were dried at 

40 °C for 4 h in oven and were then dried at 40 °C for 24 h in 

a vacuum oven. The samples were hot pressed into disk-

shaped films with the thickness all around 100 μm at 10 MPa 

and 185 °C. The component mass ratio of 

PLA/PCL/P[MPEGMA-IL]/Gra blends was shown in Table 1. 

2.3 Characterization 

The thermal properties of the composites were investigated 

using a differential scanning calorimetry (DSC) (model 

Q2000, TA Instruments). The samples were held at 190 °C 

for 5 minutes to eliminate the thermal history. All samples 

were cooled down to -40 °C at the cooling rate of 10 °C/min, 

and finally heated to 250 °C at the same heating rate. The 

degree of crystallinity, XC, of samples was calculated by the 

following equation: 

XC =
∆Hm − ∆Hcc

 w∆Hm
 o × 100% 

where ΔHm and ΔHcc are the measured enthalpies of melting 

and cold crystallization for the homopolymer of PLA or PCL 

in the blends, and w is the weight fraction of PLA or PCL in 
the blends. ∆Hm

 o  is the melting enthalpy of 100% crystalline 

polymer (93.6 J/g for PLA, 136.0 J/g for PCL, 

respectively).[13,14] The morphologies of the samples were 

investigated using a JSM-6490LV scanning electron 

microscope (SEM). The samples were first freeze-fractured 

in liquid nitrogen, and then the PCL minor phase was etched 

with acetic acid for 15 h at room temperature. The etched 

fractured surface was sputter-coated with metal. The 

dielectric properties were measured using an Agilent E4980A 

Impedance Analyzer (USA). Both sides of the samples were 

coated of 10 mm diameter with silver as electrodes. 

3. Results and discussion 

3.1 Morphologies of the PLA/PCL/Gra/P[MPEGMA-IL] 

composites 

Fig. 1 shows the SEM images of the PLA/PCL blends filled 

with Gra after glacial acetic acid etching. There were voids 

of different sizes after the PCL phase was etched. As seen in 

Fig. 1, the shape of PCL particles was irregular in the 

PLA/PCL blend system, corresponding to the typical 

structure of immiscible blends. The incorporation of low 

content of Gra improved the compatibilization between PLA 

and PCL and decreases the agglomeration of PCL, but when 

the Gra content was increased, the dispersion of PCL phase 

became worse. The reason for the phenomenon is that Gra 

can increase the viscosity of PCL phase, cause smaller 

spherical nodules of PCL phase, and promote the dispersion 

of PCL.[33] But Gra tended to aggregate easily, and the size of 

PCL phase became larger in the PLA/PCL/0.75Gra 

composites. 

 
Fig. 1 The SEM images of PLA/PCL blends filled with Gra. 

The SEM images of the PLA/PCL blends filled with Gra 

and P[MPEGMA-IL] after glacial acetic acid etching are 

shown in Fig. 2. Compared to PLA/PCL blend and 

PLA/PCL/0.25Gra composites, the particle size distributions 

of PCL droplets were more uniform in the PLA/PCL blend 

containing 4P[MPEGMA-IL]. The main reason for this 

phenomenon is that the MEPGMA groups of P[MEPGMA-

IL] have a high affinity for both polymer phases, and the low 

viscosity of PCL phase is easy to diffuse P[MEPGMA-IL]. 

Hence, after adding 4P[MPEGMA-IL], P[MEPGMA-IL] 

could be mainly localized in the PCL domains, and the 

dispersion of PCL was improved. The PCL phase size of 

PLA/PCL/8P[MPEGMA-IL] blend was significantly larger 

than that of PLA/PCL/4P[MPEGMA-IL] blend. A portion of  
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Table 1 The component of PLA/PCL/P[MPEGMA-IL]/Gra composites. 

Sample 
Matrix (wt%) Filler (phr) 

PLA PCL P[MPEGMA-IL]  Gra  

PLA/PCL 70 30 0 0 

PLA/PCL/0.25Gra 70 30 0 0.25 

PLA/PCL/0.50Gra 70 30 0 0.50 

PLA/PCL/0.75Gra 70 30 0 0.75 

PLA/PCL/4P[MPEGMA-IL] 70 30 4 0 

PLA/PCL/8P[MPEGMA-IL] 70 30 8 0 

PLA/PCL/0.25Gra/4P[MPEGMA-IL] 70 30 4 0.25 

PLA/PCL/0.25Gra/8P[MPEGMA-IL] 70 30 8 0.25 

PLA/PCL/0.50Gra/8P[MPEGMA-IL] 70 30 8 0.50 

PLA/PCL/0.75Gra/8P[MPEGMA-IL] 70 30 8 0.75 

 

Fig. 2 The SEM micrographs of PLA/PCL blends filled with Gra and P[MPEGMA-IL]. 

 

Fig. 3 Schematic illustration of the 

morphology of (a) PLA/PCL blend, (b) 

PLA/PCL/P[MPEGMA-IL] blends, and (c) 

PLA/PCL/Gra/P[MPEGMA-IL] composites. 
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Fig. 4 DSC cooling curves of (a) PLA/PCL/Gra and (b) heating curves of PLA/PCL/Gra; (c) cooling curves of 

PLA/PCL/Gra/P[MPEGMA-IL] and (d) heating curves of PLA/PCL/Gra/P[MPEGMA-IL]. 

 

8P[MPEGMA-IL] distributed in the PLA phase was 

increased, further changing the viscosity of the PLA phase, 

and making partial aggregation of PCL phase.[11] But after 

8P[MPEGMA-IL] blends, PCL had the best dispersion in the 

PLA matrix. Gra could be non-covalently modified by 

P[MEPGMA-IL] via the short-ranged cation-π interactions. 

The Gra tended to be dispersed in the PCL phase owing to 

the interaction force and the viscosity change of PCL with 

the introduction of P[MPEGMA-IL]. Moreover, 

P[MPEGMA-IL] could also improve the dispersion of Gra in 

the polymer matrix, so the dispersion of PCL phase was 

significantly improved with the synergistic effect of 

P[MPEGMA-IL] and Gra.[34] The morphological evolution of 

different systems is further schematically illustrated in Fig. 3. 

3.2 Thermal behavior of PLA/PCL/Gra/P[MPEGMA-IL] 

composites 

Fig. 4 exhibits the heat flow of PLA/PCL/Gra composites. 

As shown in Fig. 4a, the crystallization peak of PCL 

appeared near 25.39 °C in PLA/PCL blend. However, for the 

blends containing Gra, the crystallization of PCL was 

fractionated into two peaks. In the PLA/PCL/0.25Gra 

composites, the first crystallization exotherm was recorded at 

31.90 °C and the second crystallization exotherm occurred at 

a low temperature of 23.90 °C. The former might be 

attributed to the nucleation effect of Gra, but the introduction 

of low content of Gra led to a decrease in the particle size of 

PCL phase. Because the confined crystallization occurred 

and the crystallization capacity of PCL was reduced, the 

latter peak was lower than 25.39 °C of PCL in the PLA/PCL 

system. With the addition of high amount of Gra, the 

crystallization peak of PCL shifted to an even lower 

temperature although the particle size of PCL phase was 

enlarged. Excessive Gra would hinder the movement of PCL 

chains, and then the crystallization process was delayed. On 

the other hand, the crystallinity of PLA was decreased as 

indicated in Table 2. There was no significant change in the 

cold crystallization temperatures of PLA/PCL and 

PLA/PCL/Gra system in Fig. 4b. Although Gra could serve 

as nucleation sites for PLA, it might also hinder the 

movement of PLA chains. Thus the crystallization ability of 

PLA has not changed much. The heat flow of 

PLA/PCL/P[MPEGMA-IL]/Gra composites was also 

investigated (Fig. 4c and 4d).  

In Table 2, the thermal parameters obtained from DSC 

thermograms are shown, namely, cold crystallization 

temperature (Tcc), crystallization temperature (Tc), melting 

temperature (Tm) and crystallization degree (Xc) related to 

PLA and PCL. According to Fig. 4c and Table 2, the Tc and 

Xc of PCL decreased after adding 4P[MPEGMA-IL] because 

the decrease of PCL phase size would lead to the confined 

crystallization and reduce the crystallization capacity of 

PCL.[35] But the Xc of PCL was increased after adding 
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8P[MPEGMA-IL] because the PCL phase size was increased. 

The Xc of PLA was improved owing to the incorporated 

P[MPEGMA-IL]. P[MPEGMA-IL] dispersed in the PCL 

phase, which formed ion clusters and performed 

heterogeneous nucleation for PLA. Besides, the plasticization 

effect of ionic moiety in P[MPEGMA-IL] could enhance the 

mobility of PLA chain. Hence, the addition of P[MPEGMA-

IL] reduced the Tcc of PLA and led to an increase in the 

crystallization degree.[36] Interestingly, the crystallization 

ability of PLA and PCL was simultaneously improved when 

the combined action of P[MPEGMA-IL] and Gra was 

analyzed, especially the Xc of PLA was significantly 

increased. P[MPEGMA-IL] could improve the dispersion of 

Gra, resulting in increased nucleating sites in the PLA matrix, 

and facilitate the movement of PLA chain segments because 

the combination of P[MPEGMA-IL] and Gra could provide 

nucleation sites for PCL.[34] So the Gra and P[MPEGMA-IL] 

had a synergistic effect on the crystallization behavior of 

PLA and PCL. 

3.3 Dielectric behavior of PLA/PCL/Gra/P[MPEGMA-IL] 

composites 

Fig. 5a and 5b shows the dielectric permittivity (′) and 

dielectric loss (′′) of PLA/PCL/Gra composites. The 

dielectric permittivity of the composites decreases with 

increasing frequency, which is caused by the dielectric 

relaxation of the dielectric material. Compared to PLA/PCL 

blends, the dielectric permittivity of the composites increases 

significantly with the addition of Gra. The degree of 

dispersion of Gra in the PLA/PCL matrix was close to the 

"percolation threshold" when the Gra was increased.[37] But 

for PLA/PCL/0.50Gra and PLA/PCL/0.75Gra composites, 

the high content of Gra caused agglomeration, which was not 
conducive to its dispersion, resulting in no significant change 

in the dielectric permittivity of the blend. Fig. 5b exhibits the 

dielectric loss of composites with frequency. When the Gra 

content was higher than the percolation threshold, a large 

number of conductive paths would cause leakage currents, 

which significantly increased the dielectric loss of the 

material at low frequencies. 

The dielectric permittivity and dielectric loss of 

PLA/PCL/ P[MPEGMA-IL]/Gra at room temperature was 

also investigated (Fig. 5c and 5d). The dielectric permittivity 

of the PLA/PCL/P[MPEGMA-IL] blends was significantly 

higher than the PLA/PCL blends. During the polarization 

process, P[MPEGMA-IL] increased the polarization of the 

ion clusters and the interfacial polarization between PLA and 

PCL phase containing P[MPEGMA-IL]. The plasticization of 

the ionic liquid copolymer promoted the movement of the 

segments and improved the interfacial and orientation 

polarization of the blends.[38] In addition, PCL dispersed into 

more phases in the PLA matrix after the addition of 

P[MPEGMA-IL] from the SEM images, which also 

enhanced the interfacial polarization and the dielectric 

permittivity. When adding P[MPEGMA-IL] modified Gra, 

the addition of P[MPEGMA-IL] promoted the better 

dispersion of Gra and facilitated the formation of interfacial 

area between polymer phase and modified Gra phase. The 

PLA/PCL/0.25Gra/8P[MPEGMA-IL] composite had the 

highest dielectric permittivity. Fig. 5b shows the relationship 

between the dielectric loss and the different frequency. The 

dielectric loss of the composites increased with increasing 

the content of Gra and P[MPEGMA-IL]. Because the 

presence of Gra and P[MPEGMA-IL] had large conductance 

losses and interfacial polarization at low frequency bands, 

and therefore its dielectric loss would be greater. The effect 

of modified Gra on the charge carrier motion mechanism was 

owing to the increase of the mobile charge carriers at the 

interface and the dielectric strength of the interfacial 

polarization. 

3.4 Effect of Gra on morphology and dielectric properties                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

of PLA/PCL/Gra/P[MPEGMA-IL] composites 

F i g .  6  s h o w s  t h e  D S C  c u r v e s  o f  t h e 

PLA/PCL/Gra/P[MPEGMA-IL] composites. The composites  

Table 2 Thermal properties of PLA/PCL blends filled with Gra and P[MPEGMA-IL]. 

Sample 

PLA  PCL 

Tcc 

(°C) 

∆Hcc 

(Jg-1) 

Tm 

(°C) 

∆Hm 

(Jg-1) 

Xc 

(%) 
 

Tc 

(°C) 

∆Hc 

(Jg-1) 

Tm 

(°C) 

∆Hm 

(Jg-1) 

Xc 

(%) 

PLA/PCL 106.6 19.2 166.9 23.3 6.3  25.4 15.4 54.4 10.6 22.5 

PLA/PCL/0.25Gra 108.6 19.4 167.2 22.4 4.5  23.9/31.9 15.6 54.8 12.2 25.9 

PLA/PCL/0.50Gra 105.7 19.2 166.6 23.0 5.8  14.4/33.2 18.4 55.1 14.5 30.7 

PLA/PCL/0.75Gra 105.4 21.5 166.7 25.7 6.5  2.8/33.7 4.7/8.2 55.1 13.9 29.5 

PLA/PCL/ 

4P[MPEGMA-IL] 
104.2 22.3 167.1 26.7 6.9  0.3/24.3 0.7/7.1 54.3 7.7 16.3 

PLA/PCL/ 

8P[MPEGMA-IL] 
101.3 20.6 166.6 27.0 9.9  1.4/24.7 0.5/8.7 54.2 9.7 20.7 

PLA/PCL/0.25Gra/ 

4P[MPEGMA-IL] 
101.9 18.2 166.5 25.9 11.7  9.2/24.7 0.6/12.5 54.5 12.2 25.9 

PLA/PCL/0.25Gra/ 

8P[MPEGMA-IL] 
101.1 17.6 166.7 24.9 11.1  8.2/23.1 1.7/10.1 54.5 12.0 25.5 
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Fig. 5 Frequency dependence of (a) dielectric permittivity and 

(b) dielectric loss of PLA/PCL blends filled with Gra; (c) 

dielectric permittivity and (d) dielectric loss of PLA/PCL blends 
filled with Gra and P[MPEGMA-IL]. 

 

 
Fig. 6 DSC curves of PLA/PCL/Gra/P[MPEGMA-IL] 

composites: (a) cooling curves and (b) the second heating curve. 

 

had a crystallization peak during the cooling process, which 

was the crystallization peak of PCL. No crystallization 

occurred during the cooling process due to the slow 

crystallization rate of PLA. PCL had obvious double 

crystallization peaks, and the enthalpy of crystallization 

gradually decreased with the increase of Gra content. This 

showed that the crystallization environment of PCL was in a 

chain space hindered state, and the crystallization 

performance was suppressed after adding high content of 

Gra.[39] Fig. 6b shows the second heating curve of the 

composites. The melting enthalpy of PCL gradually 

decreased with increasing the Gra content, and the cold 

crystallization peak of PLA gradually was decreased. This 

indicated that the chain movement ability of PLA was 

increased. Fig. 7 shows the microstructure of the 

PLA/PCL/Gra/P[MPEGMA-IL] composites after etching 

with glacial acetic acid. It could be seen from the figure that 

the brittle cross-section showed scattered voids and presented 

a "sea-island" structure after etching the PCL phase. The 

dispersed phase PCL was still dispersed in the PLA phase in 

the form of spherical droplets, but the phase size was reduced 

with the increase of Gra content.[40] 

After adding Gra, Gra hindered the movement of the PCL 

segment, and reduced the arrangement and aggregation of the 
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PCL segment during the solution blending process. 

According to the DSC data, the size of the PCL phase 

decreased, the degree of hindered chain space was increased 

when adding Gra, and the PCL crystallization peak was 

broadened. This was mainly due to the increase of Gra 

content. In the smaller PCL phase, the crystal environment 

was in a state of hindered chain space, and it was difficult for 

PCL molecular chain to arrange the chain segments in a 

smaller space. At the same time, the high content of Gra 

hindered the movement of the chain segment, and the 

phenomenon of restricted crystallization was serious. 

Therefore, crystallization occurred at the low temperature of 

the bulk crystallization temperature. In addition, Gra played 

the role of heterogeneous nucleation, which provided a 

nucleation site for the arrangement of PLA segments and 

improved the crystallization ability of PLA.[41] The high 

content of Gra hindered the PLA crystallization, which 

formed many imperfect crystal forms. During cold 

crystallization, conformational adjustment and molecular 

chain rearrangement occurred.  

 

 

Fig. 7 SEM micrographs for the cryogenically fractured surfaces of (a) PLA/PCL/0.25Gra/4P[MPEGMA-IL], (b) 

PLA/PCL/0.25Gra/8P[MPEGMA-IL], (c) PLA/PCL/0.5Gra/8P[MPEGMA-IL] and (d) PLA/PCL/0.75Gra /8P[MPEGMA-IL]. 

 

Table 3 Thermal properties of PLA/PCL/Gra/P[MPEGMA-IL] composites. 

sample 

PLA  PCL 

Tcc 

(°C) 

∆Hcc 

(Jg-1) 

Tm 

(°C) 

∆Hm 

(Jg-1) 

Xc 

(%) 
 

Tc 

(°C) 

∆Hc 

(Jg-1) 

Tm 

(°C) 

∆Hm 

(Jg-1) 

Xc 

(%) 

PLA/PCL/0.25Gra/ 

4P[MPEGMA-IL] 
101.92 18.22 166.46 25.91 11.72  9.19/24.72 0.61/12.45 54.52 12.16 25.85 

PLA/PCL/0.25Gra/ 

8P[MPEGMA-IL] 
101.11 17.64 166.66 24.93 11.11  8.21/23.11 1.66/10.05 54.46 12.01 25.53 

PLA/PCL/0.5Gra/ 

8P[MPEGMA-IL] 
101.04 17.89 166.68 23.93 9.21  10.86/23.62 14.02 54.52 11.16 23.72 

PLA/PCL/0.75Gra/ 

8P[MPEGMA-IL] 
99.23 16.61 166.08 25.86 14.10  8.99/26.25 2.45/6.62 54.50 10.93 23.23 
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Fig. 8 Frequency dependence of dielectric permittivity and 

dielectric loss for PLA/PCL/Gra/P[MPEGMA-IL] composites. 

Fig. 8 shows the dielectric properties of PLA/PCL/Gra/ 

P[MPEGMA-IL] composites. It could be seen that the 

dielectric permittivity of the composites decreased with 

increasing frequency. Interfacial polarization and orientation 

polarization exist in the composites under the action of 

electric field. The interface polarization had sufficient 

response time to frequency, the composites exhibited a strong 

dielectric response at low frequencies. The dielectric 

permittivity of the composites was improved with increasing 

the Gra content. The space charge carriers were aggregated at 

the interface between Gra and the polymer, and thus tended 

to form interfacial polarization when Gra was dispersed in 

the composites.[42] The interface with PLA and filler was 

increased due to the decreased dispersed phase of PCL, 

resulting in an enhanced interface polarization.  

In addition, due to the formation of π-π conjugation 

between P[MPEGMA-IL] and Gra, it promoted the 

dispersion of Gra and improved the dielectric properties of 

the composites. The dielectric properties of the composites 

were reduced after the addition of 0.75 wt% Gra, which 

reveals that adding high content Gra might make it easier to 

form a conductive path and a leakage current in the system, 

resulting in the reduction of dielectric properties of the 

composites. Fig. 8b shows the dielectric loss of the 

composites. The dielectric loss of the composites was 

decreased with increasing frequency. The large conductance 

loss and interface polarization appeared in the low frequency 

due to the presence of Gra. Gra had a high conductivity, and 

the conductive path formed by it would cause the leakage 

current, which would increase the dielectric loss of the 

composites at low frequencies. 

4. Conclusion 

PLA/PCL/P[MPEGMA-IL]/Gra blends were prepared by a 

solution blending and hot pressing. The crystallization of 

PLA and PCL was promoted by the combination use of 

P[MPEGMA-IL] and Gra because of the heterogeneous 

nucleation of Gra and ion cluster of P[MPEGMA-IL]. 

Furthermore, P[MPEGMA-IL] modified Gra could be mainly 

localized in the PCL domains, and the dispersion of PCL in 

the PLA matrix was improved. The good conductivity of Gra 

and the better dispersion of PCL in the blends made the 

PLA/PCL blends had a higher dielectric permittivity. The 

effect of modified Gra on the charge carrier motion 

mechanism was owing to the increase of the mobile charge 

carriers at the interfaces. 
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