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a b s t r a c t
Constructing a network of conductive fillers in polymeric matrix is essential for the preparation of conductive polymer composites. Although the conductivity of the composites could increase remarkably
after the percolation threshold, it is still much lower than expected due to a limited self-assembly interaction between filler particles. In this paper, high-performance conductive polymer composites were prepared by the method of Spatial Confining Forced Network Assembly (SCFNA). The compound of
homogenous polymer and conductive fillers, prepared by conical twin-screw mixer, was placed in a compression mold with confining space to carry out two-stage compression, free compression and spatial
confining compression. The electrical conductivity of the SCFNA prepared polypropylene/short carbon
fibers was increased up to 4 orders of magnitude higher than that of by ordinary compounding
technology.
Ó 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Conductive polymer composites (CPCs) are considered as one of
the most important functional materials which have found wide
applications for decades in manufacturing antistatic, electric and
thermal conductive products to meet the needs of electronic
devices, aircraft accessories, personal computers, light emitting
diode (LED) chips, electromagnetic interference (EMI) shielding
and sensing materials, medical devices, smart biomaterial for tissue engineering, auto parts, household appliances, mine pipes,
etc. [1–4]. Because most polymers are electrically insulating, conductive fillers are incorporated to fabricate CPCs. More efforts focus
on building conductive networks in a polymer matrix using conductive fillers, including carbon black (CB), carbon fibers (CFs), graphite flakes, carbon nanotubes (CNTs), graphene, etc. [2,5]. Melt
compounding, in situ polymerization, and solution mixing are
main methods to prepare CPCs, of which the melting compounding
is the most popular and efficient solution to get homogeneously
dispersed polymer composites.
⇑ Corresponding authors at: State Key Laboratory of Organic-Inorganic Composites, Beijing University of Chemical Technology, Beijing 100029, China (D. Wu).
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Co-rotation twin screw extruders, planetary extruders, and Buss
extruders are the most available efficient melt compounding
equipment, which could provide a powerful shear effect to bring
about the improved dispersion of fillers in the polymer matrix
[5,6]. Melt compounding method is the most favorite and first
choice in the preparation of CPCs incorporated with micro scale fillers of graphite, carbon black, carbon fibers, etc. [7–9], moreover it
has demonstrated feasibility in preparing CPCs incorporated above
mentioned micro scale fillers with nanoscale fillers of graphene,
CNTs, carbon nano fibers, carbon black, etc. [10–12]. In situ
polymerization can promote the fillers to distribute evenly in
polymeric monomers with very low viscosity [5]. This process
gives excellent filler dispersion and a potentially good interfacial
strength between the filler and the polymer matrix. In situ
polymerization has been reported for the preparation of CPCs
such as polypyrrole/graphene oxide (GO), polyacry-lonitrile/GO,
biodegradable poly (butylene succinate)/GO and N-hydroxymethyl acrylamide/CNTs [13–16]. The in-situ polymerization process cannot be widely applied as melt compounding process due
to very little choice of available polymerizable monomers, however
it is an essential method for the preparation of thermoset and
rubber-based CPCs [5]. As a good example, epoxy has been extensively investigated as a polymer matrix for the preparation of a
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large range of CPCs containing CNTs [17–20]. Solution mixing
makes it much easier to achieve locally homogeneous dispersion
of entangled fillers without breaking down [5]. Film casting is
thought as a sensible process to prepare CPCs after solution mixing.
Compared with the several minutes solidification process of melt
compounding process, the solidification process of solution mixing
often takes more than 24 h. Such long period give adequate time
for the aggregation of conductive network and reach the electrical
percolation threshold with lower filler loading than that for melt
compounding process [5,21].
Generally, there are mainly three approaches to obtain a continual conductive network by self assembly of conductive fillers in
polymeric matrix after melt compounding, solution mixing, or
co-continuous immiscible polymers phase with selected distribution of conductive fillers in one phase, as well as segregated conductive structure, as shown in Fig. 1. A widely adopted
processing technology is to increase the fraction of the conductive
fillers to a certain level until reaching the percolation threshold
[2,5,6,30–32]. Another method is to adopt a system of two immiscible polymers and conductive fillers. With suitable fractions of
two polymers and at certain thermodynamic conditions of temperature and enthalpy, a co-continuous two-phase structure with
selected location of fillers in one polymer could be obtained, the
one containing fillers serves as continual conductive network
[33,34]. The third method is the formation of a segregated structure in the composites by compressing a mixture of polymer granules decorated with conductive fillers via dry or solution mixing to
construct the segregated conductive networks [6,28,29,35,36]. For
example, Khastgir [22] reported that the conductivities of composites Ethylene Vinyl Acetate/Conductive Carbon Black (EVA-CCB),
Ethylene Vinyl Acetate/Short Carbon Fiber (EVA-SCF) (by melt mixing), and Ethylene Vinyl Acetate/Short Carbon Fiber/Multi Wall
Carbon Nano Tubes (EVA-MWCNTs) (by solution mixing) at a percolation loading of conductive fillers with mass fraction of 30, 15
and 5 wt%, respectively, increased from 10 8 S/m of neat EVA to

Fig. 1. Approach to construct the conductive networks in polymeric composites.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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2.5  10 4 S/m, 5.0  10 3 S/m and 2.5  10 2 S/m, respectively.
Although a conductive network had been formed, the electric conductivities of above composites still had 5–7 orders of magnitude
lower than that of CCB, SCF and MWCNT fillers. This can be
explained that the possible aggregation force of the fillers, including van der Waals force, liquid bridge, electrostatic force, hydrogen
bonding, is not large enough to repel all polymer away in between,
the network by such a self-assembly mechanism could not be very
compacted.
A transition from insulator to conductor for polymer composites was firstly reported by Gurlan and remained up to now as
one of the most important topics in preparing high-performance
CPCs [5,21]. Many models for predicting electric conductivity and
percolation threshold were proposed, including Scaling law based
on classical percolation theory [5], Voet Model of non-Ohmic
assumption [22], Scarisbrick model of Ohmic assumption [23],
McCullough model based on transport phenomena [24], Bueche
model for gel formation process in polymerization [25], modified
Scarisbrick Model considering the filler aspect ratio, surface area
to volume ratio, and conductivity of the polymer [24]. Theoretical
predictions and experiments have confirmed that the formation of
a continual conductive network is the key to obtain highperformance CPCs [5–7,10,21,22]. The average gap between the
conducing fillers in the network plays a crucial role in all of parameters and conditions affecting the level of conductivity of the composites. The transportation mechanism of electrons between
adjacent conductive particles in the polymeric matrix is explained
as an Ohmic conduction with an average gap between adjacent
particles less than or equal to 10 Å on the basis of Franckel’s theory
[5], and non-Ohmic transmission of tunneling effect or electron
emission from one particle to the next with an average gap
beyond 10 Å [23]. Adequate theoretical and experiment investigations had qualitatively and quantitatively proven the conclusive
effect of the gap between adjacent particles on the conductivity
of the composites [5–7,10,22–26]. But,up to now, the morphology
of conductive network of either microfillers or nanofillers with an
average gap of less than or equal to 10 Å between adjacent particles prepared by existing compounding methods was rarely
reported. Rather than theoretical prediction, the possibility of controlling the average gap of particles in the self-assembly networking as thin as designed or as required seems even less prospect
subject to the filler loading limit and processing windows
[5,33,34]. As a new approach to improve the electrical conductivity
of the polymeric composites, the three dimensionally interconnected carbon aerogel-epoxy composites of aerographite-epoxy
and aerographene-epoxy with extremely low percolation threshold to 0.007 vol% and orders of magnitude higher electrical conductivity compared to CNT-based polymer nanocomposites at
comparable filler content were prepared with prefabricated network of graphite or graphene by chemical vapor deposition
(CVD) process and freeze casting technology [37–39]. Porous carbon nanotubes/chitosan (CNTs/CHI) nanocomposites prepared by
ice templating technology demonstrated dramatically improved
electrical conductivity up to 8 orders of magnitude higher than
pure chitosan scaffolds due to unidirectionally oriented lamellar
structure with uniform layer thickness and channels in submicron
and micron scale respectively [40].
In order to construct a more compacted network in polymer
composites and markedly enhance electric conductivity of CPCs,
a Spatial Confining Forced Network Assembly (SCFNA) method
was proposed and used to prepare CPCs of thermosetting polydimethylsiloxane (PDMS) and short carbon fibers (SCFs). The electrical conductivity of PDMS/SCFs composite by SCFNA method with
percolation threshold of 1.5 wt% reached to 103.2 S/m, almost 3
orders of magnitude higher than by ordinary compounding
method [27]. In this paper, the mechanism and procedure of SCFNA
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Fig. 2. Scheme of technological pathway of SCFNA and conventional compounding approach. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 3. Model of SCFNA: free compression and spatial confining compression. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)

was clarified in details and a verifying test on SCFNA was carried
out in preparing CPCs of thermoplastic PP and SCFs. The main idea
of SCFNA was introducing a mechanical delivered additional interaction to carry out a forced assembly of network, in this way, a
more compacted network can be attained. It should be pointed
out that the object of forced assembly was the free assembly network, not homogeneously distributed filler particles. As shown in
Fig. 2, the SCFNA process involves three steps. Firstly, a homogeneous dispersion mixture of conductive fillers and polymer were
obtained by melt compounding or solution mixing. Secondly, the
homogeneous dispersed mixture was compressed by a pressing
mold to initiate and finish the networking of the conductive fillers
by self-assembly mechanism. Thirdly, the sample was further compressed after forming a self-assembled network until to a thickness
less than average diameter of the conductive network threads, dm.
In this way, the network was compulsively compressed to be more
compacted in a confining space. The thickness of the sample is critical in SCFNA process. As shown in Fig. 3, when the thickness of the
sample was much larger than dm, the compression could only cause
the self-assembled network wiggling in polymer matrix without
densification of the network threads. When the sample was compressed to a thickness of less than dm, a noteworthy densification
of the network threads could be formed by forced compression
of the mold to the network. Due to the restriction of wiggling freedom of the network and the prevention of aggregate force between
granules from falling apart, the filler at the threads will tend to get
closer and extra polymer between the filler granules will be
squeezed out in special confining compression process. The mechanism of forced assembly can be explained as follows. In spacial
confining compressing process, characterized by a thickness of
sample below dm, the compression force could be transmitted to
the granules to break the balance of self-assembly network. The
granules under compression tend to get much closer until a new

balance was established. In this way, the self-assembly network
was converted to a forced-assembly network with enhanced electrical conductivity.
2. Experimental
2.1. Materials
PP of YUPLENE BX3900 with a density of 0.905 g/cm3, melting
point of 167 °C and an average molecular weight of 1.15x105 g/mol
was bought from SK global chemical, Korea. The short carbon fibers
of 7 lm in diameter, 4 mm in length and 2.6x104 S/m in electrical
conductivity were provided by Toray Group, Japan.
2.2. Experimental setup
A conical twin-screw mixer of HAAKE MiniLab was used to prepare PP/SCF compound. The experimental hot embossing device
was designed and the setup was shown in Fig. 4, which could provide a pressing force up to 50 kN with a pressing speed of 0.005–
0.5 mm/s in working stroke. The servo motor of this embossing
device was accurately controlled by a PLC system and the position
accuracy of ±3 lm for the up platen was guaranteed. The compressing mold was made of two flat plates with electrical heaters.
The temperature of the molds can be controlled from ambient temperature to 220 °C with a control accuracy of ±1 °C. The effective
working area was 160  160 mm.
2.3. Preparation of composite samples
The PP and SCFs of 5, 7, 10, 15, 25 and 35 wt% in mass fraction
were manually stirred for 2 min and then the mixtures of each SCF
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complete the self assembly of network before the second stage.
In the second stage of compression, forced compression, the samples were compressed from a thickness of 2.0 mm to a final thickness of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 1.0 and 1.5 mm,
respectively, for the sample of 10 wt% SCF, and 0.1, 0.2, 0.3 and
0.4 mm, respectively, for other samples within 60 s and then the
compressed samples were taken out of the compression mold after
being cooled to 150 °C. In order to make a comparison of the effect
of self assembly network and forced assembly network on electrical conductivities of the composites, the samples with a thickness
of 2.0 mm after the first stage of compression were taken, as the
CPCs by conventional compounding method.
2.4. Characterization

Fig. 4. Sketch of the experimental hot embossing device. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

mass fraction were loaded into the HAAKE MiniLab conical twinscrew mixer with a rotational speed of 70 rpm for 15 min at
175 °C. A calculated weight of molten PP/SCF compound prepared
by HAAKE MiniLab conical twin-screw mixer was put on the down
mold with a temperature of 190 °C and the two stage compression
started. In the first stage of compression, free compression, the up
mold with a temperature of 190 °C went down to compress the
lump of PP/SCF compound from original thickness of about
10 mm to 2.0 mm within 120 s and kept 5 min to initiate and

The JTVMS-1510T 3D Image Measurement System, product of
China Gongguan Janten Instrument Co. was used for characterizing
the morphology of the PP/SCF composites. A digital camera of
Canon SX710 HS of Canon INC. of Japan was used to observe the
macrostructures of the samples. The direct current (DC) electrical
conductivities of the composites over 10 6 S/m were measured
by Keithley 4200-SCS Parameter Analyzer (America) with a standard four probe method, while electrical conductivities below
10 6 S/m were measured by a ZC-90D resistivity meter from
Shanghai Taiou Electronics (China). All of the conductivity measurements were carried out at an ambient condition.
3. Results and discussion
Fig. 5 showed the morphology evolution process in the preparation of CPCs of PP/10 wt% SCF. Fig. 5(a) showed a uniform dispersion state after mixing in a conical twin-screw mixer of HAAKE

Fig. 5. Morphology evolution of PP/10 wt% SCF composites in process compression: (a) fast cooled extrudate; (b) before compression; (c) after first stage of compression; (d)
after the second stage of compression with a thickness of 0.4 mm; (e) after second stage of compression with a thickness of 0.2 mm; (f) overview of the sample with a
thickness of 0.2 mm; (g) section of the sample with a thickness of 0.2 mm after spatial confining compression (a–e and g: by 3D Image Measurement System; f: by digital
camera). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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MiniLab, which was essential to obtain a continuous and uniform
conductive network. Since it took about 5 min to add the compound extrudate to the mold, the self assembly of networking
had already started for CPCs of PP/10 wt% SCF, referring to Fig. 5
(b). After the first stage of compression, i.e. free compression, see
Fig. 5(c), the self assembly network was already built up, but the
threads of the network were relatively incompact. Fig. 5(d,e)
showed the forced assembly network of the samples after the sec-

ond stage of compression, i.e. spatial confining compression. Obviously, a compact network was found in the sample of PP/10 wt%
SCF and the samples with a thickness of 0.2 mm and 0.1 mm
showed much compact threads of the network than that of with
thickness of 0.4 mm. Fig. 5(f) showed the overall images of the
forced assembly network by SCFNA. Fig. 6 showed the morphology
evolution of the CPCs of PP/5 wt% SCF in process of two stage compression. It seems very similar to the case of Fig. 5. But there were

Fig. 6. Morphology evolution of PP/5 wt% SCF composites in process compression. (a) Fast cooled extrudate; (b) before compression; (c) after first stage of compression with a
thickness of 0.4 mm; (d) after second stage of compression with a thickness of 0.2 mm; (e) after second stage of compression with a thickness of 0.1 mm; (f) overview of the
sample with a thickness of 0.1 mm.

Table 1
Electrical conductivities Ks and Kc of the PP/SCF composite by SCFNA and compounding methods.
Sample

Electrical conductivities

Ks/Kc

Mass fraction of the SCF (%)

Thickness (mm)

Kc (S/m)

Ks (S/m)

5

0.10
0.20
0.30
0.40

1.12E 12

1.76E
9.52E
1.65E
3.84E

08
11
11
12

1.57E+4
8.17E+1
1.47E+1
3.43

7

0.10
0.20
0.30
0.40

2.06E 04

6.95E+01
4.10E+01
2.03E+01
8.52

3.37E+5
1.99E+5
9.85E+4
4.14E+4

10

0.10
0.20
0.30
0.40
0.5
0.6
0.7
0.8
1.0
1.5
2.0

4.54E 04

6.73E+01
4.74E+01
8.45
1.98
1.51E+00
1.02E 03
5.55E 04
5.51E 04
5.02E 04
4.82E 04
4.54E 04

1.48E+5
1.04E+5
1.86E+4
4.36E+3
3.33E+3
2.25
1.22
1.21
1.11
1.06
1.00

15

0.10
0.20
0.30
0.40

2.18E 03

1.74E+02
1.05E+02
6.68E+01
4.65E+01

7.98E+4
4.82E+4
3.06E+4
2.13E+4

25

0.10
0.20
0.30
0.40

1.29E 01

3.08E+02
1.33E+02
8.59E+01
3.77E+01

2.39E+3
1.03E+3
6.66E+2
2.92E+2

35

0.10
0.20
0.30
0.40

3.04E 01

5.73E+02
4.86E+02
2.32E+02
1.37E+02

1.88E+3
1.60E+3
7.63E+2
4.51E+2
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crucial difference in two aspects. Firstly, the relative integrated
network was formed only when the sample was compressed to a
thickness of 0.1 mm. Secondly, by comparison of Figs. 6(e) to 5
(c), we can find that the density of the threads was just comparable
to that of self assembly network in the sample of PP/10 wt% SCF.
The morphology pictures of the samples of PP/5 wt% SCF had a correspondence with the conductivities, ref. to Table 1, that the sample kept very low level of conductivities until to be compressed to
0.2 mm and a sharply increase 3 orders of magnitude in conductivities appeared when the sample was compressed to 0.1 mm. This
phenomenon indicated that SCFNA technology could decrease the
percolation threshold, as in the case of CPCs PP/5 wt% SCF, which
was impossible to form a network by ordinary compounding
method. The driving force of for the formation of more and more
compacted network of SCF in process of forced assembly is mainly
derived from the mechanical pressing force which could take effect
only after the sample to be compressed to a thickness less than
mean diameter of free assembly network threads. As an evidence
of the argument of driving force in process of forced assembly,
Fig. 9 showed a variation of conductivity with thickness of the
sample. It can be seen from Fig. 9 that the conductivity kept almost
constant with the sample being compressed from a thickness of 2
to 0.7 mm and sharply increased after the sample being compressed to about 0.6 mm. Because the free assembly network had
a wiggling freedom when the thickness was greater than a dm of
about 0.5 mm, see Fig. 5(c), the compressing force could mainly
cause the network wiggling in polymer matrix. After being compressed to be less than dm, a forced compression of the network
can be effectively carried out because the network already lost
its wiggling freedom. In process forced compression, the aggregation force between fillers played also very important role, which
guaranteed a needed effect of being more closer of the fillers and
being squeezed out of the filled polymer in network.
A significant difference of the aggregation state of SCF before
and after SCFNA process can be observed in Figs. 5 and 6. From
Figs. 5(c) and 6(c), it can be seen that the threads of network were
not compact enough and many SCFs were located in polymer
phase, not on conductive network. From Fig. 5(c), a roughly determination of the mean threads diameter of 0.51 mm for free assembly network could be made. This implied, according to the SCFNA
model, that the forced assembly networking for that sample should
started from the moment when it was compressed to about
0.5 mm. From the section view of the forced compressed sample
with a thickness of 0.2 mm in Fig. 5(g), it can be seen that the
threads of the network were compactly compressed to a ellipselike shape with a mean width of 0.631 mm and most SCFs were
located on the network, from which we can expect a significantly
improved electrical conductivity of the composites.
Table 1 summarizes the electrical conductivities of the composites with 5, 7, 10, 15, 25, and 35 wt% SCF produced by SCFNA (Ks)
and ordinary compounding (Kc) methods. In order to make a comparison of the difference of SCFNA method and ordinary compounding method, a ratio of electrical conductivities of two
methods Ks/Kc was also listed. The thickness of the samples by
compounding was 2 mm. The electrical conductivity of the neat
PP of YUPLENE BX3900 was 3.32x10 12 S/m. The comparison of
electrical conductivity of the PP/SCF composite by SCFNA with
ordinary compounding method was shown in Fig. 7.
It can be seen from Fig. 7 that the percolation threshold was fallen at the same area of SCF contents from 5 to 10 wt% for both
SCFNA method and compounding method. This is because that
the forced assembly was carried out only after formation of free
assembly network. The conversion from free compression to forced
compression in SCFNA process for PP/10 wt% SCF composite
occurred when the sample was compressed to a thickness of
0.6 mm, as shown in Fig. 9. Further compression after the conver-
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Fig. 7. Comparison of electrical conductivities of PP/SCF composites by SCFNA and
compounding method. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

sion thickness, the electrical conductivity of the composite
increased so sharply, that the second percolation threshold by
SCFNA appeared. From a general view of the experimental data,
the electrical conductivities of the PP/SCF composites prepared
by SCFNA technology could increase up to 4 orders of magnitude
higher than that of composites prepared by ordinary compounding
technology. The tremendous increase in the electrical conductivity
of the PP/SCF composites by SCFNA technology can only be
ascribed to the forced assembly network, because the formulations
and all processing conditions were kept the same in carrying out
the contrast experiments, except the addition of forced compressing for the SCFNA method. From Fig. 7, it can be also seen that in a
wide range of SCF content after percolation threshold, all the
curves were basically parallel at a high level of Ks/Kc ratio, which
demonstrated a structure stability of the forced assembly network
by SCFNA technology. As an application of SCFNA, the PDMS/SCF
composites were tested [27] and the ratio of Ks/Kc was in the range
of 11.6–70.1 with a SCF content changing from 2 wt% to 4 wt%.
The main difference of the PDMS/SCF processing condition of
the work [27] from present PP/SCF was the viscosity of matrix
polymer and the effect of bolting cloth. The reason of a lower ratio
of Ks/Kc for PDMS/SCF than that of PP/SCF could be explained that
the PDMS before solidification had very low viscosity like water,
so the conductive fillers could be easier to construct a relatively
compact network by free assembly mechanism. Another reason
was the increase of filler density in the main region of the PDMS/
SCF composites by volume exclusion effect of the bolting cloth in
SCFNA process. Much bigger increase in the electrical conductivity
of PP/SCF than PDMS/SCF in the process of SCFNA can be explained
that the free assembly network of the PP/SCF was much looser than
that of PDMS/SCF due to much higher viscosity of the PP matrix.
Therefore, the SCFNA showed more effects on the thermoplastic
polymer composites.
Fig. 8 showed how the electrical conductivity increased with
the decrease of the sample thickness. With the decrease of sample
thickness from 0.4 to 0.1 mm, the electrical conductivity increased
by 3.74 times for the PP/15 wt% SCF composites by SCFNA. It followed from above results that the compression ratio played a very
important role in constructing more compact forced assembly
network. From Fig. 5(c), the Characteristic diameter dm of the
PP/10 wt% SCF was observed to be about 0.5 mm. According to
the proposed Model of SCFNA, refer to Fig. 3, the free assembly network of PP/10 wt% SCF composites in our experiment lost their
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electrical conductive PDMS/SCF composites [27] demonstrated
that SCFNA method is also available for fabricating composites
with thermosetting polymer matrix.
4. Conclusions

Fig. 8. The effect of the sample thickness on the electrical conductivity of PP/SCF
composites by SCFNA technology. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

In this paper, high electrical conductive polymer composites
were prepared by a method of Spatial Confining Forced Network
Assembly (SCFNA). The mechanism of the SCFNA method was to
apply a compression stress onto a self-assembly network when
the compound was pressed in a confined space, in this way, the
self-assembly network lost its wiggling freedom and had to be
force compressed, leading to a more compacted network by
squeezing out the polymer between aggregated fillers. A morphology evolution model of SCFNA process was proposed and proved
practicable to prepare PP/SCF composites with high conductivity.
A forced-assembly network may be formed when the compound
was compressed to a thickness less than the average diameter of
the threads of self-assembly network. A forced-assembly network
with 5–35 wt% SCFs was obtained in the PP/SCF composites by
the SCFNA technology, which made it possible to increase the electrical conductivity up to 4 orders of magnitude higher than that of
composites prepared by the ordinary compounding technology.
With the increase of the compression ratio, after second percolation threshold by SCFNA, the electrical conductivity of the samples
could increase several times due to the increase of forced assembly
degree. SCFNA technology could decrease the percolation threshold of CPCs composites, in this research the conductive network
was built up with 5 wt% SCF in PP matrix, which was impossible
to form a network by ordinary compounding method.
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