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Abstract: This study investigates a novel multi-component
polymer composite method for preparing graphite/polymer
composites with excellent electrical conductivity and elec-
tromagnetic shielding properties, aiming to address the
challenges in achieving a balance between conductivity,
mechanical stability, and thermal properties in applications
like electronics, automotive, and aerospace. Expanded gra-
phite (EG) was used as a conductive filler, and solid-state
shear milling was employed to achieve uniform dispersion
of graphite in a polymer matrix consisting of polyvinyl
chloride (PVC), chlorinated polyethylene (CPE), and polyur-
ethane elastomer (TPU), improving mechanical and thermal
stability. X-ray diffraction, Raman spectroscopy, scanning
electron microscopy, transmission electron microscopy,
and conductivity tests revealed significant differences in
graphite dispersion across substrates. In the EG/PVC-CPE
system, graphite sheets are stripped into multiple layers,
while in the EG/PVC-TPU system, they form thinner or
even single layers, leading to enhanced conductivity and
shielding efficiency. The results show that the EG/PVC-CPE
and EG/PVC-TPU composites offer improved electrical and
mechanical properties, demonstrating the potential of multi-
component matrices and solid-state shear milling in devel-
oping high-performance composites for conductivity and
electromagnetic interference shielding applications.

Keywords: multi-component polymer composites, graphene,
solid state shear grinding, electromagnetic shielding, elec-
trical conductivity

1 Introduction

Graphene has recently garnered significant attention due
to its exceptional electrical, mechanical, thermal, and che-
mical properties, making it a focal point in the research of
polymer matrix composites [1,2]. Its nanoscale thickness and
unique two-dimensional layered structure offer immense
potential for applications in electronics, energy storage, and
sensors [3,4]. However, the strong van der Waals interactions
between graphene sheets lead to poor dispersion in polymer
matrices, hindering the full utilization of its outstanding phy-
sical properties [5,6]. Addressing this challenge has become a
critical focus in the field of polymer composites.

Traditional methods, such as liquid-phase exfoliation
and chemical vapor deposition, can produce few-layer gra-
phene. However, these methods are often plagued by issues
such as poor dispersion effects, low efficiency, and environ-
mental concerns, which limit their practicality in large-scale
production [7,8]. Recently, solid-state shear milling (S3M) has
emerged as a promising technique for preparing graphene/
polymer composites. This method effectively exfoliates gra-
phite and achieves uniform dispersion under solvent-free
and environmentally friendly conditions [9,10]. S3M utilizes
a high-shear-force field to exfoliate graphite flakes within a
polymer matrix, significantly enhancing the mechanical prop-
erties, electrical conductivity, and electromagnetic shielding
performance of the composites [11,12].

In this study, S3M technology was employed to regu-
late the exfoliation and dispersion behavior of expanded
graphite (EG) within polymer matrices such as polyvinyl
chloride (PVC), chlorinated polyethylene (CPE), and polyur-
ethane elastomer (TPU). The process utilized high-efficiency
mixing equipment and a disk-type mechanochemical
reactor to produce graphenized EG/polymer composite
materials [13,14]. Characterization techniques, including
X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and Raman
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spectroscopy, were applied to analyze the microstructure and
exfoliation behavior of the graphite sheets comprehensively.
The primary objective was to maximize the exfoliation and
dispersion of EG within the polymer matrix while simulta-
neously improving the mechanical and electrical properties
of the composites.

Despite the advancements offered by S3M technology,
achieving complete exfoliation and uniform dispersion with a
single polymer matrix, such as PVC, remains challenging.
Enhancements in the degree of exfoliation and dispersion
can be achieved by incorporating viscosity modifiers or elas-
tomers like CPE and TPU. This approach not only facilitates
better dispersion of graphite sheets but also further improves
the composite material’s electrical conductivity and electro-
magnetic shielding performance.

2 Experimental part

2.1 Reagents and instruments

PVC: SG-5, particle size 0.1–0.3mm, Shaanxi Jintai Chlor-Alkali
Chemical Co., Ltd. CPE: HG/T2704-2002 135A, Weifang Xingyuan
Plastic Co., Ltd. TPU: Bayer385, Bayer Corporation. EG: KP250,
Qingdao Nanshu Ruiying Graphite Co., Ltd [15]. Ethylenediamine
bismaleimide complex lanthanum (III) heat stabilizer: home-
made. Dioctyl phthalate (DOP): Analytically pure, Chengdu
McCaxi Chemical Co., Ltd. Mill type force chemical reactor:
MF-400 variable frequency type, Chengdu Pumeiyi Tech-
nology Co., Ltd.

2.2 Preparation process

The preparation route of the composite material is shown
in Figure 1.

Disc crusher stages A, B, C, and D show grinding, sliding,
peeling, and dispersion. The disc crusher’s ring structure is its
primary component for generating strong shear forces. When
the EG/PVC-TPE composite powder prepared by S3M is
diluted by melting and mixing with PVC-TPE, graphene/
PVC-TPE nanocomposites with good graphene dispersion
can be prepared in PVC-TPE matrix [16].

2.2.1 Preparation of EG

The 2.0 g EG was evenly spread in 1,000 mL beaker, then
put into a microwave reactor, and removed by 560W irra-
diated expansion for 20 s to obtain EG.

2.2.2 Preparation of EG/PVC, EG/PVC/CPE, and EG/PVC/
TPU composite powders

PVC and EG were combined at a specified mass ratio, with
the addition of a 4% ethylenediamine bismaleimide-
lanthanum (III) complex as a heat stabilizer. The mixture
was initially blended in a high-speed mixer. Subsequently,
it was introduced into a grinding disk-type mechanochem-
ical reactor, where grinding was performed at room tem-
perature. During the grinding process, circulating water
was used for cooling, while the pressure was regulated

Figure 1: Dispersion and spalling of graphite in polymer matrix based on S3M.
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using a spiral pressure device. The grinding speed was
controlled by an adjustable motor and transmission system
[17]. In this experiment, the grinding disk was operated at a
speed of 30 rpm, producing EG/PVC composite powder.

Similarly, PVC, CPE, and EG were mixed in a specific
ratio, and the resulting blend was processed to obtain EG/
PVC-CPE composite powder following the same prepara-
tion method used for EG/PVC powder. Additionally, PVC,
TPU, and EG were mixed in a defined proportion, and the
EG/PVC-TPU composite powder was prepared using the
same procedure as that for EG/PVC powder.

2.2.3 Preparation of EG/PVC, EG/PVC-CPE, and EG/PVC-
TPU composites

The EG-PVC composite powder was mixed with a certain
amount of PVC, 15% DOP and ethylenediamine bismalei-
mide combined lanthanum (III) complex heat stabilizer in
a blender, and the resulting mixed powder was plasticized in
a 90°C oven for 3 h. The plasticized powder was directly hot-
pressed, and the forming condition was 12.5MPa, 180°C,
10min, to obtain EG/PVC composite material. EG/PVC-CPE
and EG/PVC-TPU composites were prepared by EG/PVC-CPE
and EG/PVC-TPU composite powders using the same process
as above.

2.3 Examination and description

2.3.1 XRD analysis

The change in graphite layer spacing was determined by
X‘PERT X-ray diffractometer of Philips Analytical Company
with Cu target, Kα radiation source, Ni filter, acceleration
voltage of 40 kV, tube current of 25 mA, wavelength of
0.154 nm, and scanning range ( )θ2 of 0°–50°.

Bragg equation is used to calculate the spacing between
crystal faces

=d θ λ2 sin .hkl (1)

The Scherrer formula is used to calculate lattice para-
meters or microcrystal sizes

=D Kλ β θ/ cos , (2)

where =K 0.89; =λ 0.154 nm; β is the diffraction peak’s
half-peak width (radian) obtained by computer; θ is the
diffraction angle corresponding to the diffraction peak.

2.3.2 SEM analysis

The F-type SEM manufactured by the American FEI Company
was utilized to observe the liquid nitrogen-fractured surfaces of
compositematerials or composite powders after gold sputtering
treatment. This technique was used to analyze the morphology
of the fractured sections or powders and to capture high-reso-
lution images [18]. The observations were conducted under an
acceleration voltage of 10 kV, ensuring optimal imaging quality.

Through SEM imaging, the morphological characteris-
tics of the composite powders and cross-sections were ana-
lyzed in detail. The dispersion state of graphite within the
polymer matrix was inferred based on the distribution and
orientation of graphite sheets observed in the images. This
analysis provided critical insights into the effectiveness of
the S3M process in achieving uniform dispersion and exfo-
liation of graphite.

Moreover, SEM characterization enabled the identification
of potential agglomeration or clustering of graphite sheets, which
could impact the material’s electrical and mechanical properties.
By correlating the morphological features with other experi-
mental results, such as electrical conductivity and mechanical
testing, a comprehensive understanding of the material’s struc-
ture–property relationship was established. This method is
instrumental in optimizing the preparation process to enhance
the performance of the composite materials.

2.3.3 TEM analysis

Ultrathin slices of EG/PVC and EG/PVC/CPE composites
were made with Leica EMFC6 microslicing machine, and
sheets of about 70 nm thick were made, or EG-PVC and EG-
PVC CPE composite powders were directly attached to copper
mesh, and examined using an H-600 TEM, taking pictures. It
has a 75 kV acceleration voltage. The dispersion and peeling
state of graphite in the composite system and the nanocom-
posite structure of the composite were characterized.

2.3.4 Atomic force microscope (AFM) analysis

The analysis was carried out with Innova AFM produced
by Veeco, USA. The resolution was <0.2 µm and the stan-
dard 10× objective lens was observed (50× objective lens < µm).
Sample preparation: The composite powder was dispersed in
N-methylpyrrolidone (NMP) (0.1 g composite powder/100mL
NMP), and the ultrasonic power was 600W for 10min. The
composite powder was coated on the silicon wafer for obser-
vation and analysis.

Enhanced properties of multi-component polymer/graphite nanocomposites  3



2.3.5 Laser Raman analysis

InVia laser Raman spectrometer, with +
Ar laser, wave-

length 514.5 nm, scanning range of 1,000–3,000 cm−1, and
accuracy of ±1 cm−1 was used.

2.3.6 Laser particle size analysis

With a beam length of 2.50 mm and a pump speed of
2,400 rpm, the Mastersizer laser particle size analyzer
manufactured by Malvern Instruments Co., Ltd was used
to investigate the particle size distribution of EG-PVC com-
posite powder.

2.3.7 Conductivity test

At room temperature, the sample resistivity was measured
with ZC46A high resistance meter produced by Shanghai
Precision Scientific Instrument Co., Ltd. The measuring vol-
tage was 50 V and the measuring range was 106–1,014Ω. The
resistance of the composite material is less than 106Ω. Use a
multimeter to detect the composite material (the sample
length × width × thickness is 10 cm × 1 cm × 0.1 cm).

2.3.8 Electromagnetic shielding performance analysis

The PNA-N5244A vector network analyzer from Agilent
Technologies was employed to measure the S-scattering
parameters of the composite materials, which were subse-
quently used to calculate the electromagnetic interference
(EMI) shielding effectiveness (EMI SE). The testing was con-
ducted using a coaxial approach to ensure precision and
reliability in the measurements.

The test frequency range spanned from 2 to 18 GHz, cov-
ering a wide spectrum of electromagnetic waves relevant to

practical applications. Samples were prepared in the form of
coaxial rings with precise dimensions: an outer diameter of
7mm, an inner diameter of 3mm, and a thickness of 1mm.
These dimensions were chosen to fit the standard testing
setup, ensuring consistency and comparability with other
studies.

The coaxial measurement method allowed for accu-
rate evaluation of the shielding performance by mini-
mizing edge effects and ensuring uniform electromagnetic
wave propagation through the samples. The obtained
S-parameters (S11 and S21) provided detailed insights into
the reflection, absorption, and transmission characteristics
of the composite materials, enabling a comprehensive ana-
lysis of their electromagnetic shielding properties.

Additionally, the results from the vector network analyzer
were used to validate the dispersion and exfoliation of graphite
in the polymer matrix, as improved dispersion is directly cor-
related with enhanced electromagnetic shielding efficiency.
This approach highlights the composite’s potential for applica-
tions in electronics, telecommunications, and aerospace, where
effective EMI shielding is critical.

2.3.9 Mechanical properties test

Instron5507 universal material testing machine was used
to test the tensile properties of the samples according to
GB/T 1040, and the tensile speed was 10 mm/min.

3 Findings and discussion

3.1 Preparation of EG

Figure 2 shows the SEM photo of EG prepared by micro-
wave irradiation expansion. It shows that EG is composed
of many bonded and superimposed graphite scales. Under

Figure 2: SEM images of EG prepared by (a) high-temperature expansion and (b) microwave-irradiation expansion.
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the action of expansion, the specific surface area of EG
increases, there are many honeycomb microvoids between
the lamella, the lamellar structure remains, the interlamellar
distance increases, and the lamella becomes thinner.

Table 1 shows that EG prepared by microwave irradia-
tion KP250 has the characteristics of high specific surface
area, high volume expansion rate, and small pore volume,
and average pore size, which proves that microwave irra-
diation is a better way to prepare EG.

3.2 Solid phase shear graphenization of EG

In the solid-phase co-milling of EG-PVC, the lamellar strip-
ping of graphite and the formation of nanocomposites with
PVC were achieved using a grinding disk-type mechano-
chemical reactor, which creates a strong shear force field.
However, XRD, TEM, and Raman spectroscopy demon-
strated that after 100 milling cycles, the graphite sheets
in the EG-PVC system were still above five layers thick,
indicating that complete graphenization of the EG was
not achieved. This was primarily due to the insufficient
viscosity of the polymer matrix [19].

To improve the viscosity of the polymer and facilitate
better dispersion of graphite, CPE elastomer was added to
the EG-PVC system. XRD, TEM, and Raman analysis of the
CPE-EG-PVC system, after 40 milling cycles, revealed that the
thickness of the graphite sheets was reduced to 3–4 nm.
Considering the measured single-layer graphene thickness of
0.4–0.7 nm, the graphite sheets were approximately five layers

thick, indicating that the material had reached a graphene-like
structure. To further enhance the dispersion and exfoliation,
CPEwas substituted with the commercially available Bayer 385
TPU. When TPU-EG-PVC was milled for 40 rounds, the thick-
ness of the graphite sheets was reduced to 1–4 nm, with the
graphene sheets being approximately 1–5 layers thick.

Figure 3 shows the XRD patterns of EG-PVC (mass ratio
10/90), CPE-EG-PVC, and TPU-EG-PVC (mass ratio 10/10/80)
composite powders after 40 milling cycles, while Table 2
presents the changes in key XRD parameters. From EG-PVC
to CPE-EG-PVC to TPU-EG-PVC, the diffraction angle of the
graphite phase increases, and the interlayer spacing
(d-spacing) decreases. The XRD analysis also shows that
the composite system with CPE exhibits the highest diffrac-
tion intensity and the largest half-peak width, indicating
the most extensive exfoliation and peeling of the graphite
sheets. In contrast, the TPU-EG-PVC system exhibits the
lowest diffraction intensity, suggesting a further reduction
in the thickness of the graphene lamellae.

Table 1: Properties of EG prepared by microwave irradiation

Expanding process Expansion volume/(mL g−1) Specific area/(m2 g−1) Pore volume/(cm3 g−1) Mean pore size/(nm)

Microwave irradiation in 560 W
for 20 s

288 61.747 0.16 83.5

Figure 3: XRD patterns of different composite powders. (a) EG-PVC; (b) CPE-EG-PVC; (c) TPU-EG-PVC.

Table 2: XRD parameters of cobalt powder

Composite
system

(( ))θ2 ° D
(002)/(nm)

Peak
height

Peak full
width at half
maximum

EG-PVC 26.35 0.339 200 0.65
CPE-EG-PVC 26.44 0.338 181 1.19
TPU-EG-PVC 26.55 0.333 125 0.66

Enhanced properties of multi-component polymer/graphite nanocomposites  5



These results demonstrate that the addition of CPE and
TPU significantly improves the exfoliation and dispersion
of EG in the polymer matrix. The reduction in the stacking
thickness of the graphite sheets enhances the material’s
potential for high electrical conductivity and electromag-
netic shielding properties, making the modified composites
more suitable for advanced applications.

Figure 4 shows the Raman spectra of +
Ar laser with

wavelength of 514.5 nm for scanning EG and EG-PVC, CPE-
EG-PVC, TPU-EG-PVC composite powders in the range of
500–3,000 cm−1. It is shown that EG has obvious Raman
peaks at 1,356 cm−1 (D peak), 1,585 cm−1 (G peak), and
2,702 cm−1 (2D peak). The G peak near 1,585 cm−1 in the
figure comes from the plane vibration of first-order E2g

phonons, reflecting the symmetry and order of the mate-
rial. The more graphene layers there are, the stronger the
sp

2 vibration of carbon atoms, the higher the G peak
strength, and the stronger the G peak of EG, indicating the
relatively orderly structure of EG. The appearance of D peak
at 1,356 cm−1 indicates that part of the sp

2 hybrid carbon
atoms in EG are converted into sp

3 hybrid structure, that is,
the C]C double bond in the graphite layer is destroyed,
which is mainly due to the destruction of the graphene struc-
ture after oxidation and expansion of graphite, and the gra-
phite oxide cannot be completely reduced during the expan-
sion process. The 2D peak near 2,700 cm−1 is a Raman peak for
biphonon resonance, the intensity of which indicates the
degree of graphene packing, while the ratio of G peak to 2D
peak intensity ( )I I/G 2D is correlated with the quantity of gra-
phene layers. The smaller the I I/G 2D ratio, there are fewer
layers of graphene. The graphite sheet is thick, as shown by
the figure’s comparatively prominent 2D EG peak. The half-
peak width of peak G is 24 cm−1, and the half-peak width of
peak 2D is 136 cm−1, indicating that the thickness of the gra-
phite sheet is more than five layers of carbon atoms. The peak
strength of the D and G peaks of the EG-PVC composite
powder in 1,342 cm−1 (D peak), 1,570 cm−1 (G peak), and

2,692 cm−1 (2D peak) were significantly reduced, indicating
that the thickness of the graphite lamellae was reduced,
and the regularity of the graphite lamellae was reduced,
which proved that the EG layer was slipping and peeling
during the grinding process. The peak intensity of peak D
and peak G of EG increased, indicating that sp

3 hybrid carbon
atoms increased, indicating that some sp C

2 converted to sp C
3 ,

which was mainly attributed to the grinding process, the
strong shear force caused C]C double bonds and carbon
atoms missing, destroying the mesh structure of graphene,
so that some sp C

2 converted to sp C
3 . The 2D peak’s half-peak

width at 2,692 cm−1 decreased to 92 cm−1, and was also signif-
icantly lower than that at 136 cm−1, =I I/ 0.68G 2D , =I I/ 6.68G 2D ,
indicating that the graphite lamellae had been stripped and
thinned, but the graphene stacking thickness was still more
than five layers.

Figure 5 presents the TEM images of the EG-PVC com-
posite powder obtained after 40 milling cycles, with the
black areas representing the graphite sheets. Figure 5(a)
shows a view perpendicular to the graphene benzene ring
structure, where the disordered striped morphology and the
intercalation of PVC and graphite are clearly visible. Figure
5(b) displays a local magnification of image (a), offering a
closer look at the graphite lamellae. It is evident that the
graphite sheets are thinner and interlaced, with a thickness
of approximately 10 nm, which aligns with the XRD analysis
results. Figure 5(c) illustrates a parallel plane view of the
graphene benzene rings, where large thin graphite sheets
are stacked on top of each other, indicating that the graphite
has undergone partial exfoliation. However, some regions
still contain thicker lamellae, likely because not all EG was
subjected to the same number of grinding cycles. This uneven
milling could be due to variations in the grinding process,
where some composite powder may have received less
milling due to machine-related factors.

Figure 5(d) presents the TEM image of the composite
powder after ultrasonic dispersion in a solvent. In this

Figure 4: Raman spectra of EG and EG-PVC, CPE/EG/PVC, and TPU-EG-PVC.
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image, the graphite sheets’ large surface area and curled
edges are clearly visible, further confirming the exfoliation
and dispersion of the graphite in the polymer matrix. The
dispersion method enhances the uniformity of the graphite
sheets in the composite, contributing to improved properties
such as electrical conductivity and mechanical strength.

These TEM observations provide valuable insight into the
structural characteristics of the EG-PVC composites, high-
lighting the effects of grinding and ultrasonic dispersion on
the exfoliation and dispersion of graphite within the polymer
matrix. The reduced thickness of the graphite sheets and the
successful exfoliation are key factors in enhancing the mate-
rial’s performance in various applications.

Figure 6 is the TEM photo of the EG-PVC-CPE composite
powder obtained by grinding 40 times, in which the black
part is the graphite layer. Figure 6(c) shows the vertical
graphene benzene torus field of view, in which the disor-
dered striped structure and the mutual embedding of PVC
and graphite can be seen. Figure 6(d) shows the local
amplification of (c), which more intuitively shows the gra-
phite lamellar thinning and interlacing with each other.

The lamellar thickness is about 1 nm, that is, the thickness
of two layers of graphene. In the vertical graphene-benzene
torus observed in Figure 6(a), EG has been stripped, as seen
by the huge, thin layers of graphene sheets that are visible.
The composite powder’s TEM image following dissolving by
ultrasonic is shown in Figure 6(b). The illustration shows the
size of the graphite sheet and the curled edge.

In summary, through EG/PVC co-milling, and then the
co-milling of EG/PVC-CPE, the graphene of EG is realized,
and the thickness of the sheet is about five layers, reaching
the level of graphene-like; Furthermore, EG/PVC-TPU co-
milling achieves the graphenization of EG in polymer
matrix and the nanocomposite with polymer (as shown
in Figure 7). It is evident that TPE is essential for EG’s
graphenization. Through the weak interlayer contact
between the viscoelasticity of the polymer and EG, TPE
modifies the viscoelasticity of the polymer and depends on
the strong three-dimensional shear force field supplied by the
mill-type mechanochemical reactor. In the co-milling of EG-
TPE-PVC, the process of interface friction, tensile deformation
dislocation, extrusion Mosaic, tensile slip, shear stripping and

Figure 5: TEM photograph of GP40. (a) Longitudinal surface; (b) a partial enlarged view; (c) horizontal plane; (d) GP40 was ultrasonically dispersed in
non-negative matrix factorization (NMF) and then dripped onto copper mesh for observation.

Enhanced properties of multi-component polymer/graphite nanocomposites  7



grinding, mixing, and dispersion (as shown in Figure 8), the
continuous stripping of EG and graphene were realized, pro-
viding a new way for the preparation of graphene/polymer
nanocomposites.

3.3 Structure and properties of graphene/
elastomeric PVC nanocomposites

3.3.1 Structural morphology of graphene/elastomeric
PVC nanocomposites

Figure 9 shows the SEM and TEM images of GE/CPE-PVC
composites with 5% EG mass fraction. The SEM images
show that the composite material maintains the mor-
phology of the graphene fold lamellae at the macro level,
and the graphene sheets are dispersed and embedded in
the CPE-PVC matrix. TEM images of ultrathin slices of com-
posite material show that the graphene sheets are evenly
dispersed in the CPE PVC matrix, and the graphene sheets
are bonded to each other to form conductive paths.

3.3.2 Electrical conductivity of graphene/elastomeric
PVC nanocomposites

Here is the revised content with a more logical narrative
sequence.

Figure 10 illustrates the relationship between the EG
mass fraction and the volume conductivity of composite
materials. Generally, the conductivity of the composite
material increases with the EG content, demonstrating
the formation of conductive networks as EG is incorpo-
rated. At a 3% EG mass fraction, the conductivity rises
sharply by eight orders of magnitude, indicating the onset
of conductive percolation where graphene sheets connect
to form initial conductive pathways.

Between 3 and 4% EG mass fraction, the conductivity
shows minimal variation, likely due to the stabilization of
the network structure. However, when the EG mass frac-
tion exceeds 4%, a second percolation phenomenon occurs,
leading to another sharp increase in conductivity. At a 5%
EG mass fraction, the composite exhibits good antistatic
performance and achieves a conductivity of 0.22 S/m.

Figure 6: TEM image of graphene composite powder with 40% content (composite) powder. (a) Horizontal plane; (b) GCP40 was ultrasonically
dispersed in NMF and then dropped onto copper mesh for observation; (c) longitudinal surfaces; (d) a partial enlarged view of (c).
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Comparing different systems, the electrical conductivity of
graphene/CPE-PVC composites is significantly enhanced com-
pared to graphite/PVC nanocomposites. Furthermore, for the
EG/TPU-PVC composite at a 5% EG mass fraction, the conduc-
tivity reaches 0.56 S/m. This improvement can be attributed to
thinner graphite sheets, a higher degree of graphenization, and
the formation of amore comprehensive conductive network as
graphene sheets bond more effectively in the EG/PVC, EG/CPE-
PVC, and EG/TPU-PVC systems, respectively.

3.3.3 Other properties of graphene/elastomeric PVC
nanocomposites

Table 3 lists the electrical conductivity, thermal conduc-
tivity, electromagnetic shielding efficiency, and tensile
strength of the graphene/elastomeric PVC composite.

Upon achieving a mass fraction of 5% in EG, the elec-
trical conductivity, thermal conductivity and electromag-
netic shielding efficiency of the nanocomposites from

Figure 7: TEM image of EG-TPU-PVC composite powder.

Figure 8: Graphitization process of graphite.

Enhanced properties of multi-component polymer/graphite nanocomposites  9



Figure 9: SEM and TEM images of graphene/PVC/CPE composites.

Figure 10: The effect of EG mass percentage on the graphene/elastomer PVC composites’ conductivity. (a) Graphene/CPE-PVC composites;
(b) graphene/TPU-PVC composites.
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EG/PVC, EG/CPE-PVC to EG/TPU-PVC system increase suc-
cessively. The results indicated that the graphene/elasto-
meric PVC nanocomposites were successfully prepared
by the gradual graphenization of graphite in the grinding
disk co-milling.

4 Conclusion

In this study, a novel multi-component polymer/graphite
composite material was successfully prepared, with gra-
phite effectively exfoliated and uniformly dispersed using
the S3M method. By adjusting the combinations of PVC,
CPE, and TPU, the distribution of graphite within the
matrix was optimized, resulting in significantly improved
conductivity and electromagnetic shielding efficiency. The
results indicate that the electrical properties of the EG/PVC-
CPE and EG/PVC-TPU systems are influenced by variations
in the degree of graphite exfoliation and uniformity, which
directly impact the electrical conductivity and electromag-
netic shielding properties of the composites. In the EG/PVC-
TPU system, the presence of single or even multiple layers
of exfoliated graphite leads to higher electrical conduc-
tivity and excellent electromagnetic shielding perfor-
mance. Additionally, the composite exhibits good mechan-
ical strength and thermal stability, suggesting that this
composite system holds great potential for practical appli-
cations, particularly in the development of EMI protection
for electronic devices and high-conductivity materials.

The findings of this study offer new insights into the
design and application of high-performance polymer/gra-
phite composites. They further confirm the effectiveness of
multi-component systems and the solid-state shear
grinding method in optimizing composite properties, par-
ticularly in terms of electromagnetic shielding and elec-
trical conductivity. Future research could explore addi-
tional filler and matrix combinations to further enhance
the overall properties of composite materials and provide
more reliable material solutions for advanced applications.
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