
DOI 10.1007/s13233-020-8144-7 www.springer.com/13233   pISSN 1598-5032 eISSN 2092-7673

 Macromolecular Research Article

© The Polymer Society of Korea and Springer 2020 1166 Macromol. Res., 28(12), 1166-1173 (2020)

Improving Dispersion and Mechanical Properties of Polypropylene/
Graphene Nanoplatelet Composites by Mixed Solvent-Assisted 
Melt Blending

Abstract: To improve the dispersion of graphene nanoplatelet (GNP) in polypropylene

(PP), GNP was exfoliated in a mixed solvent of p-xylene and N,N-dimethylform-

amide (DMF) and the exfoliation of GNP was maintained by the addition of a com-

patibilizer before the melt blending. The concentration of the dispersed GNP in vari-

ous ratios of the mixed solvents was measured in order to confirm the effect of the

mixed solvent on the pre-treatment process. As a compatibilizer for the composite,

pyrene-functionalized maleic anhydride-grafted polypropylene (Py-PP) was synthesized. The dispersion state of the composites was

analyzed by the three dimensional non-destructive X-ray micro-computed tomography (3D micro-CT). The improved dispersion of GNP

resulted in a significant enhancement in the mechanical properties. Young’s modulus of PP composites with 2 wt% GNP has increased

by 43% compared with that of PP. These results are attributed not only to the improved interfacial interaction between PP and GNP,

but also to the homogeneous dispersion state of the GNP in the matrix.

Keywords: polypropylene, graphene nanoplatelet, compatibilizer, dispersion, mechanical property.

1. Introduction

Polypropylene (PP) is one of the most important and common

polyolefins due to its low cost, good processability, and recyclabil-

ity. To meet the requirements for engineering applications,

mechanical properties of PP need to be improved.1 Polymer nano-

composites exhibit remarkable enhancement in electrical, ther-

mal, and mechanical properties at low levels of filler loading

compared with traditional composites.2,3 The various allotropes of

carbon such as carbon nanotube, graphene, and fullerene have

been applied to improve the performance of polymer nanocompos-

ites. As one of these carbon allotropes, graphene nanoplatelet

(GNP) has attracted much attention due to its planar structure,

high aspect ratio, superior Young’s modulus, tensile strength,

and high electrical mobility.4,5 These properties of GNP make it

a good nanofiller for polymer nanocomposites.6

Three main methods for fabricating polymer nanocompos-

ites are solution blending, in situ polymerization, and melt blend-

ing. Melt blending is simple, cost-effective, and suitable for mass

production in polymer manufacturing industry.7 However, it is

less effective in dispersing nanofillers than solvent-based mixing

methods because of the high viscosity of molten polymers.8,9

The dispersion state of the nanofillers and the interfacial adhe-

sion between the filler and the polymer matrix are decisive in

the mechanical properties of the polymer composite.10-12 Thus

it is necessary to improve the compatibility between nanofillers

and polymer matrix during melt blending.13,14 Several attempts

using modified GNP or adding a compatibilizer have been reported

for PP/GNP nanocomposites with increased mechanical prop-

erties. For modification, graphene oxide (GO) with a number of

hydrophilic functional groups was used to graft alkyl or PP chains

to its surface.15-17 However, the use of GO can have reduced effect in

stress transfer since the defects on GO make the sheets less stiff.18

As a compatibilizer, chemically modified PP was added to improve

the interfacial interaction between PP and GNP. For instance,

PP nanocomposites compatibilized by the reacted product of maleic

anhydride-grafted polypropylene (MAPP) and tryptophan showed

enhanced mechanical properties.19 The compatibilizer improved

the interfacial adhesion through π-π interactions between the

aromatic ring of tryptophan and GNP. Such compatibilization

does not require additional modification of GNP and allows the

use of GNP with less defects.

For further dispersion of nanofillers, two-step melt blending

techniques with treatment of nanofillers prior to melt blending

have been reported.4 Since GNP is better exfoliated in liquid phase

than in molten polymer, GNP dispersion in polymer nanocom-

posites can be further improved by pretreatment of GNP in an

appropriate solvent. An example was reported for the PP nano-

composites fabricated by first coating GNP with PP latex in liquid

phase and then melt blending it with PP matrix. The nanocom-

posites exhibited improved mechanical properties with well-

dispersed GNP.20 However, there is a problem in pretreatment

using liquid phase for PP composites. GNP is well dispersed and

exfoliated in relatively polar solvents such as N-methyl-2-pyrroli-

Min Gyu Lee1

Sangwoon Lee1

Jaehyun Cho2

Jae Young Jho*,1

1School of Chemical and Biological Engineering, Seoul National University, Seoul 08826, Korea
2 Institute of Advanced Composite Materials, Korea Institute of Science and Technology, Jeonbuk 

54896, Korea

Received June 1, 2020 / Revised July 6, 2020 / Accepted July 8, 2020

Acknowledgment: This work was supported by the Institute of Chemi-

cal Processes (ICP) at Seoul National University. 

*Corresponding Author: Jae Young Jho (jyjho@snu.ac.kr)



Macromolecular Research

Macromol. Res., 28(12), 1166-1173 (2020) 1167 © The Polymer Society of Korea and Springer 2020

done and cyclopentanone, whereas a compatibilizer based on

PP chain can be dissolved in non-polar solvents such as xylene.21 It

has been reported that solvent mixtures showed better disper-

sion of GNP in a certain ratio of the mixture than in a single solvent

according to the Hansen solubility parameter (HSP) theory.22,23

In the present study, we applied solvent mixtures for the pre-

treatment of GNP in PP/GNP nanocomposites. p-Xylene was used

to dissolve a compatibilizer based on PP chain. DMF was used

because it was predicted to exfoliate GNP effectively through mix-

ing with p-xylene based on the HSP theory. The p-xylene/DMF

mixed solvent can be expected to exfoliate GNP and dissolve the

compatibilizer based on PP chain without any modification of

GNP or adding stabilizers. The pretreatment using such mixed

solvents to achieve better GNP dispersion has not been reported

in polymer nanocomposites to the best of our knowledge. Pyrene-

functionalized maleic anhydride-grafted polypropylene (Py-PP)

was used to prevent re-stacking of exfoliated GNP and improve

the compatibility between PP and GNP. The Py-PP can be adsorbed

onto GNP surface through π-π interactions and be dispersed in

PP matrix due to the similar nature of MAPP and PP.24,25 In order

to find the ratio for well-dispersed GNP in the composites, we

conducted pretreatment at various ratios of the mixed solvent.

This work is devoted to investigating how the ratios of the pre-

treatment solvent affect the dispersibility and reinforcement of

the PP/GNP nanocomposites through the observation of the

morphology and mechanical properties.

2. Experimental

2.1. Materials

PP and maleic anhydride-grafted polypropylene (MAPP) were

commercial products of Lotte Chemical with the trade name of

SJ-160 and PH-200, respectively. GNP was a commercial prod-

uct of XG Sciences with the trade name of xGNP-C. 1-Aminopy-

rene (Apy, 98%) was obtained from Tokyo Chemical Industry.

p-Xylene (99%) and N,N-dimethylformamide (DMF, 99.5%) were

purchased from Daejung Chemical.

2.2. Preparation of PP/Py-PP/GNP nanocomposites

MAPP (20 g) was dissolved in 500 mL of p-xylene at 120 oC for

30 min with stirring. Apy (0.6 g) was added to the solution, and

stirred at 120 oC for 24 h. The product (Py-PP) was separated by

precipitation in excess ethanol to remove the unreacted Apy. Py-

PP was obtained after drying in a vacuum oven at 60 oC for 24 h.

A liquid-phase exfoliation method using the mixture of p-

xylene and DMF was utilized to exfoliate GNP. The optimum ratio

for dispersion of GNP was determined by examining various

mixing ratios of p-xylene and DMF. GNP (1.0 g) was added to

500 mL of the p-xylene/DMF mixed solvent, and the GNP dis-

persion was sonicated at 60 oC for 4 h. Py-PP was added to the

GNP suspension with different contents. The mixture was stirred

at 120 oC for 1 h, and centrifuged at 10,000 rpm for 1 h to remove

the solvent.26-31 Py-PP/GNP was washed with ethanol and dried

in a vacuum oven at 40 oC for 24 h. The PP/Py-PP/GNP composites

were obtained by melt blending using an internal mixer (MKE,

Rheocomp mixer 600) with the rotor speed of 100 rpm at 200 oC

for 10 min. The amount of GNP was held constant at 2 wt%. The

number inside the parenthesis, after the letter GNP, refers to

the p-xylene/DMF ratio.

2.3. Characterization

The concentration of dispersed GNP in the mixed solvents was

measured by a UV-Vis spectrophotometer (KLAB, Optizen Pop).

The thickness of GNP which was exfoliated in the mixed sol-

vent was identified using atomic force microscopy (AFM, Asylum

Research, MFP-3D) with tapping mode. The chemical structure

of Py-PP was analyzed by a Fourier transform infrared spec-

trometer (FT-IR, Thermo Scientific, Nicolet 6700) in attenuated

total reflection mode. Morphological information about the Py-

PP/GNP was obtained using an X-ray diffractometer (XRD, Bruker,

D8-Advance) with a Cu Kα radiation source in the range of 2θ =

10~40°.

The fracture surface microstructure of the composites was

examined using a field emission scanning electron microscopy

(FE-SEM, JEOL, JSM-6701F). For the sample preparation, the

specimens were frozen with liquid nitrogen for 1 min and frac-

tured into pieces. Three dimensional non-destructive X-ray micro-

computed tomography (3D micro-CT) images for dispersion state

of GNP in PP matrix were scanned with a high-resolution X-ray

micro-CT system (Bruker, Skyscan 1172). The composite spec-

imens were cut into sizes of ca. 2 × 2 × 2 mm3. Scan data were

acquired with an X-ray tube setting of 23 kV and 116 μA, and

the pixel size of 1.36 μm. Micro-CT images of the composites

were obtained by reconstructing the projections.

The test specimens were prepared using a micro injector

system (Bautek, BA-915A). The cylinder and mold temperature

used were 200 oC and 25 oC, respectively. Young’s modulus, ten-

sile strength, and elongation at break were determined using a

universal testing machine (UTM, Lloyds Instruments, LR10K).

The tests were carried out at 25 oC with the crosshead speed of

10 mm/min and specimens of 63.0 × 3.2 × 3.1 mm3 in dimension

according to ASTM D638 type V method. The thermal stability

of the composites was examined by thermo-gravimetric analysis

(TGA, TA Instrument, SDT-Q600) at temperatures ranging from

100 to 600 oC at a heating rate of 10 oC/min under a nitrogen atmo-

sphere. The crystallization and melting behaviors of the com-

posites were carried out by differential scanning calorimetry

(DSC, TA Instrument, SDT-Q600). Samples were heated from 80

to 200 oC at a rate of 10 oC/min, cooled to 80 oC, and reheated to

200oC at the same rate under a nitrogen atmosphere.

3. Results and discussion

3.1. Dispersion of GNP in p-xylene/DMF mixed solvents

To determine the concentration of the dispersed GNP in the mixed

solvent, the UV-Vis absorbance of the solution was investigated

based on the Beer-Lambert law. The UV-vis absorbance at 660 nm

is commonly used to measure the concentration of GNP disper-

sion.22,23,32 Figure 1 showed the solubility parameter distance

(Ra) and the dispersed concentration of GNP in the mixed sol-
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vents of various ratios. According to the HSP theory, the solu-

bility parameter (δ) can be divided into δd, δp, and δh, which

correspond to dispersive, polar, and hydrogen bond, respectively.

The smaller the difference in δd, δp, and δh between the two sub-

stances, the better the two materials can be mixed. Ra is the dis-

tance between the parameters of two materials in the Hansen

space, which can more accurately describe the affinity for each

other than the use of the total or Hildebrand solubility parame-

ter.33 To predict the dispersibility of GNP in the mixed solvent,

Ra was used here and calculated by

(1)

where the subscripts G and M denote GNP and the mixed sol-

vent, respectively. The HSP values (δd, δp, δh) of GNP, p-xylene,

and DMF used here were (18.0, 9.3, 7.7), (17.6, 1.0, 3.1), and

(17.4, 13.7, 11.3), respectively.21,33 The absorption coefficient α

of GNP in the mixed solvent of 5 to 5 ratio was determined

through the absorbance of the standard solutions. The absor-

bance coefficient of GNP at 660 nm was measured to be 1,377 mL

mg-1 m-1, which agreed with the reported value (Figure 1(a)).32

As shown in Figure 1(b), after decreasing to a minimum at 60

vol% of DMF, Ra increased with further addition of DMF. This is

attributed to the increase in the polar and hydrogen-bonding

components of the solubility parameter. Higher concentrations ofRa 4 δ dG δ dM–( )
2

δ pG δ pM–( )
2

δ hG δ hM–( )
2

+ +[ ]
1/2

=

Figure 1. (a) Absorbance per unit path length (λ = 660 nm), A/l, as a function of concentration of GNP, in p-xylene/DMF mixtures (50 vol% DMF).

Beer-Lambert behavior is shown, with an absorption coefficient (α) of 1,377 mL mg-1m-1. (b) The calculated Ra (▼) and the GNP concentration (●),

as a function of the DMF volume fraction.

Figure 2. AFM images of (a) GNP(10/0) and (b) GNP(4/6) on a Si substrate. The height profiles of (c) GNP(10/0) and (d) GNP(4/6).
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dispersed GNP were observed in the mixed solvent with smaller

Ra. p-Xylene/DMF at the mixture ratio of 4 to 6 which had the

smallest Ra with GNP showed the highest concentration of GNP.

The thickness of GNP exfoliated in a single solvent of p-xylene

and in p-xylene/DMF mixed solvent of 4 to 6 ratio was identi-

fied by AFM tapping mode (Figure 2). With the same prepara-

tion steps, average thickness of GNP(10/0) and GNP(4/6) were

found to be around 60 nm and 5 nm, respectively. GNP was bet-

ter exfoliated in the mixed solvent than in the single solvent.

The average thickness of GNP(4/6) indicated that about 5 layers

of graphene were stacked.5 This result showed a similar degree

of exfoliation to that of other good solvents for GNP such as N-

methyl-2-pyrrolidone.21 Compared with such solvents, the mixed

solvent had the advantage of dissolving the compatibilizer.

3.2. Chemical structure of Py-PP

Py-PP was synthesized by the reaction between the maleic anhy-

dride groups of MAPP and amine groups of Apy. The structure

of the synthesized Py-PP was investigated by FT-IR analyses.

Figure 3 showed the FT-IR spectra of Apy, MAPP, and Py-PP. In

the spectrum of MAPP, the peaks between 2750 and 3000 cm-1

were attributed to the stretching of C-H bonds of polypropylene.

Carbonyl stretching originating from anhydride and acid groups

appeared at 1775 and 1710 cm-1, respectively. The spectrum of

Py-PP was similar to that of MAPP except for the characteristic

peaks of Apy. The spectrum exhibited peaks at 1520, 1600, and

1623 cm-1 due to the stretching of aromatic C=C bonds of pyrene

groups. In addition, the peak at 1410 cm-1 could be assigned to

the stretching vibration of C-N and the peak at 1710 cm-1 increased

due to the reaction. The same results were observed for the

reaction between maleic anhydride groups of MAPP and amine

groups of aniline.34-36 This structure of Py-PP could be utilized to

both prevent the re-stacking of the exfoliated GNP and improve

the interfacial interaction between PP and GNP through π-π inter-

actions between pyrene groups of Py-PP and GNP.

3.3. Effect of mixed solvent on Py-PP/GNP structure and

composite morphology

The exfoliation state of GNP was detected by using XRD analysis.

The XRD patterns of GNP, Py-PP, Py-PP/GNP(10/0), and Py-PP/

GNP(4/6) were given in Figure 4. Py-PP showed diffraction peaks

of the crystalline phases of PP at 2θ = 14.2° (110), 17.0° (040),

18.7° (130), 21.2° (111), and 22.0° (131/041).16 It was observed

that pristine GNP showed a peak at 2θ = 26.6°, corresponding

to the d-spacing of 0.347 nm. Py-PP/GNP(10/0) also showed a

peak at 2θ = 26.6° because the GNP still remained in aggregated

form as it was not exfoliated effectively in the single solvent. In

contrast, Py-PP/GNP(4/6) did not show a peak at 2θ= 26.6°,

implying that re-stacking of the exfoliated GNP was prevented.24

This exfoliated state of GNP led to good dispersion of the filler

during the melt blending.

To observe the overall dispersion state of GNP in the PP matrix,

Three-dimensional (3D) X-ray micro-CT analysis was conducted.

3D micro-CT analysis can investigate the internal structure of

polymer nanocomposites without destroying the specimens.24,37

Figure 5 showed 3D micro-CT images of the composites filled

with 2 wt% GNP. The observed dimension of the composites

was 2 × 2 × 2 mm3. It was worthy to note that the aggregation of

filler was more prominent in PP/GNP than in PP/Py-PP/GNP(10/

0) and PP/Py-PP/GNP(4/6). This demonstrated that direct melt

blending method was less effective in dispersing GNP and showed

the necessity of additional treatments. In addition, PP/Py-PP/

GNP(4/6) showed the most homogeneous dispersion of GNP,

which proved that the dispersibility of GNP depended on the

ratio of the mixed solvent used in the pretreatment.

In order to obtain explicit information on the morphology of

the GNP inside the PP matrix, the fracture surfaces of PP/GNP

Figure 3. FT-IR spectra of Apy, MAPP, and Py-PP.

Figure 4. XRD patterns of GNP, Py-PP, Py-PP/GNP(10/0), and Py-PP/

GNP(4/6).
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and PP/Py-PP/GNP composites were examined. SEM images shown

in Figure 6 revealed the difference in size and the degree of exfolia-

tion of GNP. Large and aggregated forms of GNP were observed

in PP/GNP due to the poor interfacial interaction between the

composite components during the melt blending. The addition

of Py-PP/GNP(10/0) led to reduction in size of GNP by increas-

ing interfacial interaction but the GNP was still in stacked form.

GNP showed improved dispersion in the composites as the volume

fraction of DMF in the pretreatment solvent increased. GNP was

exfoliated the most in the composite blended with Py-PP/GNP(4/

6) due to the effects of the mixed solvent and the compatibilizer.

However, the GNP in PP/Py-PP/GNP(0/10) composite showed

stacked forms similar with GNP in PP/Py-PP/GNP(10/0) because

the pretreatment solvent was not able to dissolve the compati-

Figure 5. 3D micro-CT images of (a) PP/GNP, (b) PP/Py-PP/GNP(10/0), and (c) PP/Py-PP/GNP(4/6).

Figure 6. SEM micrographs of the cryofracture surface of (a) PP/GNP

and PP/Py-PP/GNP composites with various mixing ratios of the p-xylene/

DMF ysolvents: (b) 10/0, (c) 8/2, (d) 6/4, (e) 4/6, and (f) 0/10.

Figure 7. Measurements of mechanical properties: (a) Young’s modulus, (b)

tensile strength, and (c) elongation at break of PP/Py-PP/GNP(4/6)

composites as a function of the compatibilizer content.
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blizer, causing re-aggregation of GNP. It was noteworthy that

the pretreatment solvent should not only exfoliate GNP but also

dissolve the compatibilizer for prevention of GNP re-stacking.

3.4. Mechanical properties and thermal behaviors of PP/

Py-PP/GNP composites

Figure 7 showed the tensile properties of PP/Py-PP/GNP(4/6)

composites according to the content of the compatiblizer. The

filler loading was fixed at 2 wt%. As the content of Py-PP increased,

the Young’s modulus and tensile strength of the composites

increased. The effective stress transferring to exfoliated GNP

occurred because the interfacial adhesion improved with increas-

ing amount of the compatibilizer. A similar result was reported

for PP/GNP nanocomposites fabricated with MAPP as a com-

patibilizer. The result showed enhanced mechanical properties

with increasing amount of MAPP.38 The elongation at break of

PP/GNP dramatically decreased compared with that of PP, which

is a typical brittle fracture behavior of composites with rigid

fillers due to the poor interfacial adhesion and defects between

the matrix and the filler.24 On the other hand, all of the compos-

ites added with Py-PP/GNP(4/6) showed higher elongation at

break as the interface was stable.

In order to confirm the effect of the mixed solvent on the

mechanical properties of the PP composites, the tensile properties

of composites pretreated with the solvents of various mixing

ratios were investigated (Figure 8). The composites were filled

with 2 wt% GNP and 15 phr Py-PP. The Young’s modulus and

tensile strength of PP/Py-PP/GNP(10/0) increased compared

with those of PP. The elongation at break of PP/Py-PP/GNP(10/0)

showed brittle fracture behavior because defects existing in

the interface between the matrix and the stacked GNP acted as

stress concentrators.39 The composites pretreated with mixed

solvents showed higher tensile properties than PP/Py-PP/GNP

(10/0). When the ratio of p-xylene to DMF was 4 to 6, the Young’s

modulus and tensile strength were the highest, which were

41% and 34% higher than those of PP, respectively. This was the

result of the stress transfer improving with higher aspect ratio

of exfoliated GNP.40-44 In addition, the nanoscale fillers restricted

the polymer chain mobility at the interface, increasing the stiff-

ness of the composites.45 The composites pretreated by the mixed

Figure 8. Measurements of mechanical properties: (a) Young’s modulus,

(b) tensile strength, and (c) elongation at break of PP/Py-PP/GNP compos-

ites with various mixing ratios of the solvents.

Figure 9. (a) TGA and (b) DSC data of PP, PP/GNP, PP/Py-PP/GNP(10/0), and PP/Py-PP/GNP(4/6).



© The Polymer Society of Korea and Springer 2020 1172 Macromol. Res., 28(12), 1166-1173 (2020)

Macromolecular Research 

solvents with over 60 vol% of DMF showed gradual decrease

in the tensile properties. This is because re-stacking of the GNP

occurred as it became harder to dissolve Py-PP in the pretreat-

ment step. 

Figure 9(a) showed the weight loss curves of PP, PP/GNP,

PP/Py-PP/GNP(10/0), and PP/Py-PP/GNP(4/6) composites at

the heating rate of 10 oC/min. The temperatures for 5% weight

loss (T5%) of PP, PP/GNP, PP/Py-PP/GNP(10/0), and PP/Py-PP/

GNP(4/6) were 424, 439, 434, and 431 oC, respectively. The com-

posites showed enhanced thermal stability at the initial stage of

degradation compared with PP because GNP act as heat sink

that do not allow the accumulation of heat PP. The temperatures

at which there is no more thermal degradation (Tend) of PP, PP/

GNP, PP/Py-PP/GNP(10/0), and PP/Py-PP/GNP(4/6) were 475,

494, 501, and 516 oC, respectively. The difference between Tend

and T5% of PP/Py-PP/GNP(4/6) was larger than that of PP/Py-

PP/GNP(10/0), which means the improvement of the resis-

tance to thermal degradation. This is because GNP also serve as

transfer barrier and GNP with the improved dispersion more

effectively hindered the volatile decomposed products.4 DSC

curves for the crystallization and melting behaviors of PP, PP/

GNP, PP/Py-PP/GNP(10/0), and PP/Py-PP/GNP(4/6) compos-

ites were shown in Figure 9(b). Table 1 showed the crystalliza-

tion temperature (Tc), melting temperature (Tm), and degree of

crystallinity (Xc) of the specimens. Due to the effect of heteroge-

neous nucleating agent of GNP, the composites crystallize at a

higher temperature than PP. PP/Py-PP/GNP(4/6) composite

showed the highest Tc and Xc because the improved dispersion

of GNP caused an increase in heterogeneous nucleating sites

and induced crystallization of PP matrix.46,47

4. Conclusions

PP/GNP nanocomposites were fabricated by the melt blending

assisted with p-xylene/DMF mixed solvent. Py-PP, which was

synthesized by reacting MAPP with Apy, was used to prevent

re-stacking of exfoliated GNP in the mixed solvents and as a

compatibilizer between PP and GNP. p-Xylene/DMF mixed sol-

vents with various ratios were investigated for the pretreatment

of GNP. Adding Py-PP prevented re-stacking of exfoliated GNP

through π-π interactions during the drying process. By obtain-

ing SEM and 3D micro-CT images, the extent of the exfoliation

and dispersion of GNP in the composites were directly monitored.

While GNP was still in stacked form in the composite when only

p-xylene was used, the exfoliation and dispersion of GNP were

improved in the composites when the mixed solvents were used.

As the DMF volume fraction of the mixed solvent increased, the

exfoliation of GNP was improved, and prominent dispersion at

4 to 6 ratio was observed. Comparing the mechanical proper-

ties of the composites, the Young’s modulus and tensile strength

increased by adding Py-PP and treating GNP in the mixed sol-

vent. The ratio of the most effective mixed solvent for GNP dis-

persion was established, and Young’s modulus and elongation

at break were greatly enhanced in the PP/Py-PP/GNP(4/6) com-

posite due to the improved dispersion of GNP and interfacial

adhesion between the matrix and the fillers. It was certain that

the melt blending assisted with the mixed solvent was more

effective in dispersing GNP than the direct melt blending.
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