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CNF-reinforced PP nanocomposites were fabricated from CNFs dispersed in a boiling PP/xylene
solution. Their thermal properties were characterized by TGA and DSC and shown to exhibit
improved thermal stability and higher crystallinity. They were further processed into thin films
by compression molding. The electrical conductivity and dielectric property of the PP/CNF
nanocomposite thinfilmswere studied. Both electric conductivity and real permittivity increased
with increasing fiber loading. Electrical conductivity percolation is observed between 3.0 and
5.0wt.-% fiber loading.
The rheological beha-
vior of the nanocom-
posite melts were also
investigated. It was
found that a small
fiber concentration
affects the modulus
and viscosity of PP
melt significantly.
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Introduction

Vapor-grown carbon nanofibers (CNFs)[1] have beenwidely

used in the fabrication of thermoplastic nanocomposites

because of their outstanding stiffness, strength, flexibility,

high thermalandelectrical conductivity, and lowdensity.[2]

Compared with conventional spherical fillers such as

carbon black and silica, CNFs possess a much higher aspect

ratio,[3,4] which is vital in mechanical and electronic

applications. Meanwhile, CNFs are much less expensive

comparedwithtypicalone-dimensionalnanofillers, suchas

carbon nanotubes.[5–8]
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A wide range of thermoplastics, including poly(propyl-

ene) (PP),[9] poly (methyl methacrylate),[10,11] polyethy-

lene,[12] polystyrene,[13–16] and polycarbonate,[17] have

been reinforced with inorganic nanofillers and exhibited

improved mechanical performance and electrical conduc-

tivity. Isotactic PP, one of the most generally used

thermoplastics, has nowadays been widely used in the

household appliances, food packaging, automotive, and

medical devices, due to its high corrosion and heat

resistance, excellent formability and high processability,

and low cost.[18–22] As the polymer nanocomposites

reinforced with CNFs draw more and more attention, PP

has been a popular polymermatrix to be investigated.[22] If

PP nanocomposites can exhibit an appreciable level of

mechanical and thermal property improvement, it would

not only enhance the competitiveness of PP for current

applications,butalsodramaticallywiden itsapplications in

various engineering areas.

Besides the regular daily life usage, due to their superior

multi-functionalities, the quickly developing CNF nano-

composites have also started to enter high-tech areas such

as military equipments and aerospace vehicles.[23,24]

However, CNFs tend to agglomerate and form bundles,

which generate a big challenge for uniform dispersion in

preparing PP/CNF nanocomposites.[23] To disperse the

nanofillers uniformly into a polymer matrix, various

dispersion techniques, such as high-shear mixing,[25–27]

ballmilling,[25] solvent dispersion[28] andmeltmethod[29–32]

have been applied. Althoughhigh shear processing appears

to be efficient to disperse CNFs, the length and the aspect

ratio of the CNFs are often greatly decreased, which results

in diminished mechanical properties and conductivity

improvements.[17,33,34]

In this project, the PP nanocomposites reinforced with

various loadings of CNFs were prepared using a facile

solvent dispersion strategy. In order to maximize the

dispersionof theas-receivedCNFs, theCNFswereboiled ina

PP/xylene solution for 120min. The effect of the incorpo-

rated CNFs on the thermal performance, crystallinity,

electrical conductivity, dielectric property, and rheological

behaviors of PP/CNF nanocomposites was systematically

investigated.
Experimental Part

Materials

The isotactic PP used in this study was supplied by Total

Petrochemicals USA, Inc. (r¼0.9 g � cm�3, Mn � 40500, Mw �
155000, melt index �35 g �min�1). Vapor grown CNFs were

purchased from Pyrograf Products, Inc. and are designated as PR-

24-XT-LHT. Their average diameter was 150nm and their length

was in the range 50–200 mm. The solvent xylene (XX0060-3,

maximumresidueafter evaporation: 0.002%,maximumamountof
www.MaterialsViews.com
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water: 0.05%) with a boiling temperature ranging from 137 to

145 8C was obtained from EM Industries, Inc.

Preparation of PP/CNF Nanocomposites

First, PP, CNFs, and xylenewere charged into a round bottom flask.

Theweight ratio of PP and xylenewas 1:10, and the CNF content in

the final CNF/PP composites was 0.5, 1.0, 3.0, 5.0, and 10.0 wt.-%,

respectively, or 0.23, 0.45, 1.37, 2.31, and 4.76 vol.-%. The volume

content of fiber can be determined from[35]
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where fvol and fwt represent the volume and weight concentra-

tion of fiber, r
CNF

and r
PP
are the density of CNFs (�2 g � cm�3)[36]

and PP. The mixture was refluxed at approximately 140 8C for 2 h.

It was observed that during refluxing, CNFs could be well

dispersed. However, agglomeration of CNFs began when the

refluxing stopped. Thus, the mixture was immediately added into

low-temperature deionized water to immobilize CNFs right after

the reflux process was finished. Afterwards, the water-organic

two-phase system was evaporated at 100 8C in the fume hood for

48h to eliminate xylene. The resulting PP/CNF nanocomposites

were stored in a vacuum chamber for further studies. Figure 1

depicts the main experimental set-up and the procedures for the

nanocomposite preparation.

Characterization

Themicrostructure of theneat PP and PP/CNFnanocompositeswas

imaged using a scanning electron microscope (Hitachi S-3400). All

samples were sputter-coated to prevent charging and to improve

imaging. The applied coat sputter machine was a Penton Mark IV.

X-ray diffraction (XRD) analysis was performed on a Bruker D8

Focus diffractometer equippedwith a Sol-Xdetector using a copper

radiation source. Datawere collected over the range 2u¼ 5–358 at a
resolution of 0.058 per step with a 6 s integration time per step.

To study the thermal stabilityandcrystallizationbehaviorof the

neat PP and PP/CNF nanocomposites, both thermal gravimetric

analysis (TGA) and differential scanning calorimetric (DSC)

analysis were performed. The TGA experiments were carried out

using a TA Instruments Q500 analyzer at a heating rate of

10 8C �min�1 and a nitrogen flow rate of 20mL �min�1 from 25 to

600 8C. A TA Instruments Q200 differential scanning calorimeter

(DSC)was used to obtainDSC thermograms. Experimentswere run

onsamplesofabout10mg.Eachsamplewasfirstheated fromroom

temperature to220 8Cwithaheatingrateof10 8C �min�1 to remove

thermal history, followed by cooling down to 40 8C at a rate of

10 8C �min�1 to record re-crystallization temperature, and then

reheated to 220 8C at a rate of 10 8C �min�1 to determine the melt

temperature. The experiments were carried out under an argon

purge (50mL �min�1).

The surface resistance of the samples was measured with an

Agilent 4339B high-resistance meter. The voltage was set at 1.0V

for all samples. The surface resistivity rs was calculated from the

ratio of DC voltage dropU per unit length L to the surface current Is
perunitwidthD, i.e.,rs¼ (U/L) / (Is/D)¼Rs� (D/L),[37]whereRs is the

surface resistance.
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Figure 1. Main experimental set-up and the procedures for nano-
composite fabrication.
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The melt rheological behaviors of neat PP and PP/CNF

nanocomposites were studied using a TA Instruments AR

2000ex Rheometer. The frequency sweep was from 100 to

0.1 rad � s�1 and the temperature is 180 8C so that the PP was in

melt state. The measurements were performed in an ETC Steel

parallelplate (25mmdiameterofuppergeometry) innitrogenwith

20%strain,whichwaschecked tobe in the linearviscoelastic region

(i.e., stress and strain were related linearly).

An Agilent E4980A precision LCR meter (20Hz to 2MHz) with a

signal voltage range of 0– 2.0Vrms and a signal current range of 0–

20.0mArms was used to collect the dielectric data at room

temperature; the frequency range was from 200Hz to 2MHz.
Results and Discussion

Morphology of PP/CNF Nanocomposites

Figure 2 shows the observed morphology of the PP/CNF

nanocomposites. From the macroscopic view, all the

samples show a homogeneous color. However, different
Macromol. Mater. Eng. 2
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levels of dispersion quality are obtained. In the composite

samples with a fiber loading of 1.0 wt.-% (Figure 2a) and

3.0 wt.-% (Figure 2b), CNFs are observed well dispersed in

the PP matrix, though with different lengths of CNFs

protrudingoutside thePPmatrix, as indicatedbythearrows

in the Figure 1a,b. Figure 3 shows the high-resolution

scanning electronmicroscopy (SEM)microstructures of the

nanocomposite containing 3.0 wt.-% CNFs. The CNFs are

observed to be wrapped with PP indicated by the arrows

indicating a good adhesion between the PP matrix and the

CNFs. Comparedwith1.0and3.0wt.-% loadingsamples, the

dispersion quality of CNFs in nanocomposites with

loadings of 5.0 and 10.0 wt.-% is inferior, even though the

nanocomposites exhibit significantly enhanced electrical

conductivity, which will be discussed later. Because CNFs

have an inherent tendency to aggregate to minimize

the surface energy, bundles of CNFs are formed when the

concentration is above certain level. This is a result of

the decreased unit volume of PP per fiber occupies. When

the fiber loading reaches 10.0 wt.-%, suppose the carbon

fiber is in solid cylinder shape, the volume of PP assigned

to one individual fiber is calculated to be around

3.52� 10�11 cm3.

Figure 4 presents the XRD patterns of neat PP and its CNF

nanocomposites. Thepeaksatapproximately14.2,17.0,and

18.88correspond to the (110), (040), and (130) planes of PP a

crystal, respectively. While the broad peak between 21.1

and 22.18, indicated by a black arrow in Figure 4, is

attributed to a combination of a-phase [(111), (131), and

(041)] and b phase (301) of PP.[38] The hump at around 26 is

the (002) plane of CNFs.[34,39] The comparison of these five

XRD patterns indicates that PP crystalline polymorph is

barely affected by the incorporation of CNFs, which is

consistent with the literature.[39]

Since the (040) plane of isotactic PP is normal to the (110)

plane,[38] the intensity ratio is sensitive to any variation in

orientation, which helps us to examine the orientation

changes in PP. An orientation parameter C is used to

measure the orientation of (040) a-form planes of PP,[39]

which can be calculated from[40,41]
011, 29
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C ¼ I040
I110 þ I040 þ I130

(2)
where Ihkl is the reflection intensity. Figure 5 shows the C

value obtained from the XRD patterns. The C value is

observed to decrease as the CNF loading increases, which is

a sign of the decreased orientation numbers in (040) a-PP

plane.

Thermal Properties of PP/CNF Nanocomposites

The thermal stability of neat PP and PP/CNF nanocompos-

ites is analyzed with a thermal gravimetric analyzer.
6, 434–443
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Figure 3. High-resolution SEM image of a PP/CNF (3.0 wt.-%)
nanocomposite.

Figure 4. XRD patterns of neat PP and PP/CNF nanocomposites.

Figure 2.Microscopic photographs of PP/CNF nanocomposites with fiber loading of (a) 1.0, (b) 3.0, (c) 5.0, and (d) 10.0 wt.-%. Insets are the
macroscopic image of corresponding nanocomposites.
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Figure 6(A) shows theweight loss curves of the neat PP and

PP/CNF nanocomposites, while Figure 6(B) shows the

corresponding derivative weight loss curves. The onset

degradation temperatures (Ton), the 10% mass loss tem-

peratures (T10%), the temperatures of maximum rate of the

weight loss (inflection point, Tmax), the end temperatures of

the degradation (Tend), and the degradation temperature

ranges (Tr) are summarized and listed in Table 1.
www.MaterialsViews.com
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Every parameter listed in Table 1 shows that the PP/CNF

nanocomposites exhibit improved thermal stability com-

paredwith thatofneatPP.As thefiber loading increases, the

above four decomposition temperatures are correspond-

ingly elevated. The enhanced thermal stability of the PP/

CNF nanocomposites results from the interaction between
011, 296, 434–443
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Figure 5. C value as a function of CNF loading.

Figure 6. TGA results of neat PP and PP/CNF nanocomposites.
(A) weight loss curves (B) derivative weight loss curves.
(a) Neat PP (b) 1.0, (c) 3.0, (d) 5.0, and (e) 10.0 wt.-% CNF.
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PP matrix and CNFs. CNFs surface absorbs the free radicals

produced in the decomposition of PP, which retards the

degradation of PP/CNF nanocomposites.[42,43]

Noticeably, the relationship between the fiber loading

and the elevated decomposition temperature is nonlinear.

To be more specific, a small amount of CNFs (for example,

1.0wt.-%) affect the degradation process of PP significantly;

further addition of CNFs does not lead to major improve-

ment of the thermal property. Compared with those of the

neat PP, the onset degradation temperature, the 10% mass

loss temperature, the inflection point, and the end of

degradation temperatureof the samplewith1.0wt.-%CNFs

are raised by 61, 53, 18, and 9 8C, respectively. Compared

with those of the nanocomposites with a fiber loading of

1.0 wt.-%, these four parameters of the nanocomposites

with a fiber loading of 10.0 wt.-% are only increased by 17,

20, 9, and 4 8C, respectively, which are much smaller than

those between the neat PP and 1.0 wt.-% CNF-filled PP

nanocomposites. Meanwhile, the range of degradation

temperature is narrowed with the increase of the fiber

loading in the PPnanocomposites,which is likely due to the

high thermal conductivity of carbon nanofiber.[44] It has
Table 1. TGA data of neat PP and PP/CNF nanocomposites.

CNF loading Degradation onset Temp. of 10% mass loss

wt.-% -C -C

0 351 355

1 412 408

3 413 411

5 422 422

10 429 428

Macromol. Mater. Eng. 2

� 2011 WILEY-VCH Verlag Gmb
been reported that the addition of 20 wt.-% of CNFs into

ethylene/vinyl acetate copolymer can enhance the thermal

conductivity by almost 100%.[45]

Figure 7 shows the secondDSCheatingplot of theneat PP

and its nanocomposites. The onset melting temperature
Inflection point Degradation end Degradation range

-C -C -C

428 459 108

446 468 56

446 468 55

451 469 47

455 472 43

011, 296, 434–443
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Figure 7. DSC thermograms (second heating cycle) of neat PP and
its nanocomposites.

Poly(propylene)/Carbon Nanofiber Nanocomposites . . .

www.mme-journal.de
(Ton), melting temperature (Tm), melting enthalpy (DHm),

degree of crystallinity (D), and the variation in the degree of

crystallinity (DD) are summarized and listed in Table 2. The

DHm and D are correlated through
Tab

CN

loa

wt.

0

1

3

5

10

www.M
D ¼ DHm

DH0
� 100% (3)
where DH0 is the melting enthalpy of the 100% crystalline

PP, which is reported to be 209 J � g�1.[46]

The incorporationoffibers is observed tohave little effect

on the onset melting temperature and the melting

temperature of PP. On the other hand, themelting enthalpy

is drastically increased even by adding small amount of

CNFs. With 1.0 wt.-% CNFs, the melting enthalpy is

increased by 24.4%. The melting enthalpy change is an

indicator of the variation in thedegree of crystallinity.With

1.0 and 3.0 wt.-% CNFs, the crystallinity degree has been

increased by 7.4 and 8.5%, respectively. The increased

crystallinity of PP is contributed to the CNFs, which
le 2. DSC data (second heating cycle) of neat PP and PP/CNF nan

F

ding

Melting

onset (Ton)
Melting

temperature (Tm)
M

enth

-% -C -C

137.0 149.5

134.8 147.3

136.5 150.4

135.3 149.0

136.4 150.7
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influence the nucleation and crystal growing processes of

PPwithCNFsactingas theheterogeneousnuclei topromote

the nucleation of PP.[12] However, DD is found to decrease

with the further increase of the fiber loading. This is due to

the different role of CNFs in the nanocomposites with the

fiber loadingsurpassingacritical loading, inwhichCNFsact

as the restriction sites to prevent the PP segments from

obtaining required crystal lattice alignment.[12] Similar

variations in degree of crystallinity have been reported on

PP/CNF nanocomposites prepared via different

approaches.[47,48]
Electrical Conductivity and Dielectric Properties of
PP/CNF Nanocomposites

Figure 8 shows the electrical conductivity of neat PP and its

CNF nanocomposites. As compared with that of the pure

polymer, no obvious change in the surface resistivity is

observed in the nanocomposites with a fiber loading of 0.5,

1.0, and 3.0 wt.-%. However, when the fiber content

increases to 5.0 wt.-% (2.31 vol.-%), a pronounced drop in

the surface resistivity is observed (�105 V � sq�1). This

indicates that the electrical percolation falls between 3.0

and 5.0 wt.-% and that the cross-linked (network) structure

of the naturally conductive fibers has been shaped up,

schematically shown in Figure 1, which is responsible for

the high electrical conductivity of 5.0 wt.-% sample. The

surface resistivity further decreases by an order of

magnitude (�104 V � sq�1.) as the CNF content further

increases to 10 wt.-%. Since CNFs are endowed with

high electrical conductivity, many reports have been

published regarding the electrical conductivity of PP/CNF

nanocomposites. It has been reported that at a filler

content of 5 vol.-%, the surface resistivity was reduced

to 107 V � sq�1.[48] Both Lee et al [34] and Lozano et al.[50]

found that the conductivity of PP/CNF could only sig-

nificantly drop when the fiber content is not less than

10wt.-%.Typically, theelectrical conductivitypercolation is

highly influencedbythedistributionofCNFs in thepolymer

matrix. A good dispersion usually forms the cross-linked
ocomposites.

elting

alpy (DHm)

Crystallinity (D) Variation in

crystallinity (DD)

J � g�1 % %

63.5 30.4 –

79.0 37.8 7.4

81.4 38.9 8.5

78.6 37.6 7.2

77.0 36.8 6.4
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Figure 8. Surface resistivity of the PP/CNF nanocomposites as a
function of fiber loading.
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structure at a lower filler loading. The electrical conductive

performance of the polymer/CNF nanocomposites fabri-

carted by the shear mixing method is also significantly

affected by the morphology of the fibers. Lee et al [34] have

reported that a reduction of surface area and length of CNFs

by heat treatment gave a higher volume resistivity of the

PP/CNF nanocomposites prepared by the intensive

mechanical mixing. However, both have a much higher

percolation value than the value observed here, indicating

that the solution processing method favors producing

polymer nanocomposites with a better fiber dispersion.

Figure 9 shows the frequency-dependent real permittiv-

ity ("0) of PP/CNF nanocomposites with various fiber
Figure 9. Real permittivity at 25 8C as a function of frequency for
PP/CNF nanocomposites.
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loadings at 25 8C. The real permittivity of the PP/CNF

nanocomposites increases with the increase of the fiber

loading in the entire frequency testing range. The same

result has been reported when CNFs are used as the

dielectric lossy filler in epoxy resin.[24] In addition, for a

given CNF content, the value of "0 in PP/CNF nanocompos-

ites is virtually independent of the frequency, indicating a

stable dielectric performance of the prepared nanocompos-

ites upon frequency variation. Dielectric materials can be

used to store electrical energy through charge separation,

which occurs when the electron distributions are polarized

by an applied external electric field.[51] Since large amount

of electric energy storage is required in mobile electronic

devices, stationary power systems, hybrid electric vehicles,

and pulse power applications,[52,53] there is growing

attention in the study of the dielectric property of new

materials.

The dielectric constant of thematerial, themagnitude of

which determines the ability of material to store energy, is

given by
011, 29

H & Co
"r ¼
"0

"0
(4)
where "0is the vacuum permittivity (8.85� 10�12 F �m�1).

Ifweconsider aparallelplatewithareaAandthicknessB,

the capacitance C’ is given by
C
0 ¼ "0"r

A

B
¼ "0

A

B
(5)
With 3.0 wt.-% of CNFs in PP, the "0 of the nanocomposites

is 250% higher than that of neat PP and the capacitance

increases at the same rate.

Further, the energy storage ability (W, J) of a capacitor is

given by
W ¼ 1

2
C

0
V2
bd (6)
where Vbdis the breakdown voltage (breakdown voltage is

the minimum voltage that causes the failure of the

insulating material, resulting in amechanical damage and

electrical conduction)[51] of materials. Compared with

ceramic capacitors, polymers have higher breakdown

voltage and high processibility.[51] Therefore, the PP/CNF

nanocomposites with a fiber loading of 3 wt.-% could be a

promising capacitor for energy storage applications.
Melt Rheological Behavior of PP/CNF
Nanocomposites

The storage and loss moduli of neat PP and its PP/CNF

nanocomposite melts with a fiber loading of 1.0 and
6, 434–443
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Figure 10. Graphs of (a) G’ (storage modulus) and (b) G’’ (loss
modulus) vs angular frequency (v) for neat PP and PP/CNF
nanocomposites.

Figure 11. (a) Mechanical loss factor (tan d) vs angular frequency
and (b) typical relationship between mechanical loss and fre-
quency.
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3.0 wt.-% at 180 8C are presented in Figure 10, respectively.

Thestoragemodulusof thenanocompositemelt isobserved

to be significantly enhanced even with a low amount of

fibers. At 100 rad � s�1, the storage modulus of the nano-

composites with a fiber loading of 3.0 wt.-% is 30 times

higher than that of neat PP,while the 1.0wt.-% sample is 13

times higher than that of neat PP. As the CNF content

increases, the viscoelastic moduli increase continuously

throughout the entire angular frequency range from 100 to

0.1 rad � s�1. The elevation of storage modulus suggests an

increase in stiffness with the incorporation of CNFs. This is

attributed to two factors: (1) PP molecular movements are

restricted by the geometric confinement of the CNFs[54,55]

and (2) the reinforcing effect is due to the high modulus of

the CNFs.[56,57] Moreover, the plots of both storage and loss

modulus are apart from one another with the increase of

frequency,whichmeans the CNFs play an important role in
www.MaterialsViews.com
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the viscoelastic moduli at higher frequency. In order to

study the movements of the polymer chains, both the

frequency and temperature dependent modulus are often

investigated.After incorporatingCNFs intopoly(etherether

ketone), Altstaedt et al.[58] found that the moduli of the

prepared nanocomposites increases as the CNFs loading

increases in a wide range of temperature with unchanged

frequency. The stiffness of PP matrix is also reported to

increasewith theadditionof someothernanofillers, suchas

chemically modified montmorillonite.[29,59]

Themechanical loss factor (tan d) as a function of angular

frequency (v) is presented in Figure 11(a) and a typical

relationship between mechanical loss and frequency is

given in Figure 11(b). The mechanical loss, which is arising

from the discordance between strain and stress when

polymer is exposed to external force,[60] is strongly related

to theapplied frequency.Whentheexperimental frequency

is very low and the segment of polymer chain can totally
011, 296, 434–443
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catch up, there would be no internal friction and then little

energy loss. The polymer behaves like rubbery state.

Similarly, when the external frequency is very high and

the segment cannot move with the external force at all,

polymers behave like glass state and create little energy

loss. Huge amount of heat from the energy loss would

happen at a frequency between these two extreme cases,

when the polymers show more viscoelastic property.[61,62]

From 0.1 to 100 rad � s�1 (Figure 11a), themechanical loss of

neat PP decreases monotonously while peaks are observed

in the nanocomposites at around 20 rad � s�1 (1.0 wt.-%

sample at 15.8 rad � s�1 and 3.0 wt.-% sample at

25.1 rad � s�1). The delay of mechanical loss peak as a

function of frequency (neat PP sample< 1.0 wt.-% CNFs

sample< 3.0 wt.-% CNFs sample) is due to the steric

hindrance (confinement) of the fibers on polymer chains. In

addition, the loss tangent of pure PP is observed to bemuch

higher than that of the nanocomposite samples. This is

attributed to the fact that the interaction among the PP

molecules is stronger than the interaction between the PP

molecules and the CNFs, whereby the relative slippage

between PP molecules causes more friction heat than that

of the movement between PP chains and the fibers. From

another point of view, compared with neat PP, the

nanocomposite samples are more ‘‘stiff’’ and therefore

are more reluctant to absorb external energy.

Figure 12 shows the complex viscosity of themelt of neat

PP and its nanocomposites. The complex viscosity is

observed to decrease with the increase of the angular

frequency, which is a typical shearing thinning phenom-

enon. Shear thinning is reported to be a characteristic

feature of nanocomposites,[63] the exponent of which can

semi-quantitatively qualify the dispersion of nanofillers.

The viscosity of PP/CNFnanocomposites is higher than that

of neat PP and decrease as the frequency increases. At
Figure 12.Graphs of complex viscosity vsv for neat PP and PP/CNF
nanocomposites.
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1 rad � s�1, the viscosity of 3.0 and 1.0wt.-% samples are 670

and 420% higher than that of neat PP, respectively. The

increment of melt viscosity is due to the strong interaction

between CNFs and PP matrix and due to the distributed

CNFs restriction on the PP molecules movements. Many

other nanofillers, such as two-dimensional nanoplateleted

clays,[64–67] have also been reported to be able to interact

strongly with the polymer matrix and cause elevated

complex viscosity.
Conclusion

In this study, theCNF-filled isotactic PPnanocomposites are

prepared via a facile solution dispersion method. The

dispersion of CNFs in PP is investigated by SEM. It is found

that the composites with a low fiber loading exhibit

uniformdispersion. But inferior fiber dispersion is observed

when loading is above 3.0wt.-%. TGA andDSC are also used

to explore the thermal properties and crystallinity of the

nanocomposites. Compared with neat PP, PP nanocompo-

sites exhibit improved thermal property as well as higher

degree of crystallinity. This is due to the fact that CNFs can

act as the absorbers of free radicals as well as the

heterogeneousnuclei tohelp crystallize PP. Further analysis

reveals that there exist an electrical percolation between

thepreparedPP/CNFnanocompositeswithfiber loading3.0

and 5.0 wt.-%. The nanocomposite with 5.0 wt.-% CNFs

shows greatly reduced electrical resistivity, which is

attributed to the formation of fiber cross-link structure.

The dielectric property of PP/CNF nanocomposites is also

found to increase with the addition of the fibers. The melt

rheological behavior of PP/CNF nanocomposites is inves-

tigated, indicating an enhancement of the stiffness and

increasedcomplexviscosity inPP/CNFnanocompositesdue

to the interaction between fiber and PP molecular chains.
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