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Abstract:

Cable materials encompass a diverse array of components,
including metal conductors, semi-conductive shielding
materials, the preferred insulating elements of cables, and
cable accessory insulation materials, in addition to other
related components. The performance of cable conductor
materials has a direct impact on the amount of current that
can be carried and the transmission loss. Consequently,
the development of high-conductivity cable conductor
materials represents the current primary research focus
of the cable industry. Given its exemplary conductivity
and substantial mechanical strength, graphene represents
a pivotal material for enhancing the conductive attributes
of copper conductors. Moreover, conventional cable
semiconducting shielding materials are typically enhanced
in conductivity through the incorporation of carbon black.
Similarly, graphene has the potential to serve as a viable
alternative for improving the conductivity characteristics
of semiconducting shielding materials. This paper
presents a study of the application of graphene in cable
materials, with a particular focus on its role in enhancing
the conductive properties of copper cable conductors and
semiconducting shielding materials. This thesis begins
with a comprehensive examination of graphene’s electrical
and mechanical properties, emphasizing its remarkable
performance. It then explores the use of graphene in cable
materials and the potential applications for graphene
cables. The objective of this paper is to serve as a reference
point for the advancement of high-performance cable
materials based on graphene research.
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1. Introduction

The wire and cable industry plays a pivotal role in the
broader economic landscape, serving as a crucial support-
ing sector for the two foundational economic industries
of electricity and communication. Its products are instru-
mental in the transmission of power and the transfer of
information, underscoring the vital function they perform
in modern society. In recent years, China’s wire and cable
industry has undergone a period of rapid development,
becoming the world’s largest manufacturer and consumer
of wire and cable products. While the scale of China’s
wire and cable industry is among the world’s leading, it is
still smaller in comparison to Europe, America, Japan, and
other developed countries, there is a high degree of prod-
uct homogenization, with low-end conventional wire and
cable products representing the majority of the market.
The industry is characterized by intense competition and a
low degree of concentration, with technology convergence
playing a significant role in shaping the competitive land-
scape[1][2].

Concurrently, the modern electrical fields, such as those
utilized in aerospace equipment and high-power transmis-
sion equipment, have resulted in increasingly demanding
wire and cable performance requirements. The traditional
wire and cable conductor materials, namely copper and
aluminum, have reached their performance limits. In oth-
er industries, the wire and cable insulation and shielding
materials, both internal and external, must demonstrate
heat-resistant properties and enhanced shielding perfor-
mance [3]. The traditional development of the wire and
cable industry is constrained by the necessity to compete
on the basis of low prices. This has created an urgent
need for new technologies and materials that can reduce
costs[4]. Consequently, the development of a new type of
cable material is likely to provide a solution to the current
difficulties faced by the cable industry, thereby facilitating
the growth of the wire and cable industry[5].

In 2004, Geim et al., the professor of physics at the Uni-
versity of Manchester, in UK, exfoliated and observed
graphene, a quasi-two-dimensional material of elemental
carbon, in a remarkably straightforward manner[6][7].
The distinctive structure of graphene, which exhibits a se-
ries of exceptional properties, including a perfect quantum
tunneling effect, a half-integer quantum Hall effect, and
an unwavering electrical conductivity, has led to the emer-
gence of immense potential in material applications. In
typical laboratory settings, monolayer graphene exhibits
a multitude of exceptional properties, including electron
mobility that is two orders of magnitude higher than that
of the widely utilized semiconductor silicon. Additionally,
it displays ultra-high thermal conductivity and specific

area, along with remarkably high Young’s modulus and
fracture stress, which render graphene materials potential-
ly invaluable for cable applications. Furthermore, it has
been demonstrated that stirred friction processing (FSP)
facilitates the efficient mixing of graphene with a metal
matrix, resulting in the production of graphene/metal
matrix composites with enhanced properties.Liu et al.
successfully demonstrated the use of FSP for the in-situ
graphite exfoliation to produce bulk graphene composites
[8], which eliminates the need for additional processing
steps or suppresses the introduction of unwanted impu-
rities, thus allowing for the incorporation of graphene
into the metal matrix. This approach provides a potential
solution for realizing the desired graphene/metal compos-
ites. Aishani Sharma et al. utilized a novel The SolidStir
extrusion process (SSE) was employed to achieve in-situ
exfoliation of graphite into multilayered graphene. The
formation of multilayers of graphene during SSE resulted
in a notable enhancement in the strength of aluminum al-
loys[9], as compared to pure SSE. This notable improve-
ment in strength has the potential to revolutionize the wire
and cable industry, offering a valuable opportunity for
businesses to develop innovative cable materials.

This paper reviews the research progress of graphene in
enhancing the performance of cable materials, beginning
with an examination of the unique structure and excellent
properties of graphene. It then focuses on the optimiza-
tion of graphene’s performance on copper as a cable con-
ductor material and the improvement of graphene in the
application of composite semiconducting inner and outer
shielding layers of cables. Additionally, it introduces new
applications of graphene cables and explores the prospects
for their future application.

2. Optimization of Graphene

2.1 Mechanical Properties

In regard to its mechanical properties, graphene displays
remarkable resilience due to the robust C-C bonding en-
ergy and its distinctive six-membered ring structure. Lee
C. et al. conducted experimental measurements of the me-
chanical properties of a complete single-layer graphene.
[10], and the results demonstrate that its theoretical mod-
ulus of elasticity is as high as 1.02 GPa, and its fracture
strength is as high as 130 GPa, which is approximately
100 times that of high-strength steel. However, the results
of molecular dynamics studies suggest that the strength
of graphene may decrease with an increase in graphene
layers. Upon attaining 10 layers, the theoretical fracture
strength is projected to decline to approximately 80 GPa
[11]. Moreover, the unsupported single-layer graphene



mechanical properties were assessed through experimen-
tal measurements, yielding a tensile strength of 50 Pa to
60 Pa, which is approximately half of the theoretical value
[12]. However, the results also demonstrated that the ac-
tual conditions of graphene exhibited significantly higher
mechanical properties than those of conventional metal
materials. The substitution of conventional metals in cable
applications can result in a notable enhancement in tensile
strength, which is a crucial attribute in aerospace, large
transmission lines, and other domains where high-strength
cables are essential.

2.2 Electrical Properties

In regard to its electrical properties, graphene’s unique
chemical structure, comprising conjugated n-bonds, en-
dows each carbon atom with the capacity to facilitate the
unrestricted movement of m-electrons within the plane
of the graphene sheet. This intrinsic property enables
graphene to exhibit an exceptionally high electron mo-
bility, reaching 2x10° cm?*V!s™!, a value that is more
than six thousand times greater than that of copper, a
traditional conductive material. This value is 6,000 times
that of the traditional cable conductor material, copper.
Consequently, graphene is the best conductive material
at room temperature, with a conductivity of up to 1x106
S/cm, which is 1.7 times higher than that of copper [13].
Moreover, Wonmo Kan and colleagues demonstrated
that the synthesis of axially continuous graphene layers
on micrometer-diameter wires led to a notable enhance-
ment in electrical properties [14] , with a 450% increase
in current density breakdown limit and excellent thermal
stability, including a 224% increase in surface heat dis-
sipation after The material demonstrated thermal cycling
capabilities up to 450 °C, exhibiting a 41% increase in
electrical conductivity, a 41.2% decrease in resistivity, and
a 41.2% decrease in electrical resistance. These properties
are notable improvements over those of conventional pure
copper wires. This results in an increase in current density,
electrical conductivity, long-term oxidation resistance at
high temperatures, and thermal stability in comparison to
conventional pure copper wires. Despite being concluded
for products manufactured under laboratory conditions,
the aforementioned studies provide new engineering solu-
tions for optimizing the technical limits of cables for the
operation of modern power systems for high power trans-
mission, including the aerospace industry, transportation
systems, and advanced electronics and communications
equipment.

In conclusion, the incorporation of graphene into cable
materials markedly enhances electrical conductivity,
tensile strength, and resilience against heat-related de-
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terioration and damage. Additionally, it reduces energy
consumption and enhances transmission efficiency and
service life, thereby revolutionizing advancements in the
cable industry.

3 Graphene Applications in Cable Ma-
terials

3.1 Copper-based Composites and 3D
Graphene-copper Composites

Copper is the most commonly utilized conductor material
in wires and cables. With the advancement of the industry,
the standards for the performance of copper wires and ca-
bles are becoming increasingly rigorous. Current research
indicates that conductivity exceeding 100% has been
achieved in ICAS copper-based graphene composites
manufactured under laboratory conditions.

Cao et al. embedded graphene in metallic copper[15],
where graphene overcame the trade-off between carrier
mobility and carrier density, achieving both high electron
mobility and high electron density through careful inter-
face design and morphology control. Consequently, the
electrical conductivity of the bulk graphene/copper com-
posites with a minimal graphene volume fraction (0.008)
was found to be approximately 17% of the international
standard for annealed copper, exhibiting a notable en-
hancement in comparison to that of Ag.

Zhang et al. presented a powder metallurgy-based ap-
proach to fabricate a three-dimensional continuous
graphene network structure within a copper matrix in a re-
cent study[16]. This was achieved through the application
of thermal stress-induced welding between graphene-like
nanosheets that had been grown on the surface of copper
powder. The interpenetrating structural features of the ob-
tained composites elevate the interfacial shear stress to a
high level, thus significantly enhancing both load transfer
strengthening and crack bridging toughening. Addition-
ally, they construct 3D superchannels for electrical and
thermal conductivity. The electrical conductivity of the
composites reaches 103.4% IACS.

Yang Jun et al. employed chemical vapor deposition
(CVD) to cultivate multilayered graphene films on the in-
ner and outer surfaces of pre-prepared three-dimensional
porous copper [17]. The resulting graphene films exhibit-
ed near-complete coverage of the copper surface. Subse-
quently, the porous copper-graphene composite structure
was subjected to powder metallurgy-based pressing and
sintering, and then extruded into a graphene/copper com-
posite wire with a diameter of 4 mm. A conductivity test
revealed that the copper-graphene composite wire exhib-
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ited a conductivity of 101.0% IACS, which surpassed the
international standard for annealed copper. Furthermore,
the general conductivity exceeded the international stan-
dard for annealed copper. Materials comprising copper
are designated as ultra-high conductive copper materials.
Furthermore, the high-temperature load capacity of the
composite wire was evaluated using a cable load burning
test machine, demonstrating an increase of 5.45% com-
pared to pure copper wire. The electrical conductivity and
current-carrying capacity of the composite materials ex-
hibited superior performance compared to pure copper.

In addition, some researchers have also fabricated 3D
graphene-copper composite wire and cable under lab-
oratory conditions [18]. The use of three-dimensional
graphene three-dimensional skeleton structure, and then
through the subsequent and copper powder vacuum hot
pressing sintering, drawing, and then repeatedly annealed
and stretched, the outer insulation layer and other pro-
cessing procedures, in which the graphene is connected to
the three-dimensional mesh structure, the stability of the
graphene framework to ensure its continuity in the copper,
and the performance of the linear performance of the pure
copper compared to the conductivity and copper close to
the conductivity of the conductor, but the flow rate of the
current-carrying capacity is higher than that of the pure
copper 1.5-2.4 times, and the hardness is significantly
better than pure copper. And the hardness is significantly
better than pure copper, retaining its conductivity in good
condition, improve the mechanical strength and flow-car-
rying capacity, so that the composite material has excel-
lent electrical conductivity and high flow-carrying capaci-
ty.

This strategy is straightforward, requires minimal prepara-
tion time, and has broad applicability. However, the meth-
od has potential limitations. While the preparation process
of porous copper-graphene composite structures is de-
scribed in detail, the discussion of copper-graphene com-
posite wires is more speculative and qualitative, lacking
a substantial number of extensive data points to support
its claims. The dimensional graphene-copper composite
wires and cables that have been produced thus far are lim-
ited to a small number of experimental samples, and their

application in industry is not yet widespread. Consequent-
ly, further in-depth study is required in order to meet the
demands of the wider production sector.

3.2 Improvement of Graphene for the Applica-
tion of Composite Semiconductive Inner and
Outer Shielding layer

As a crucial component of the high-voltage DC cable
structure, the semi-conductive shielding layer (referred
to as the “semi-conductive layer”) plays a pivotal role in
homogenizing the electric field distribution within the
insulating material, whose structure is shown in Figure
1. The insulating layer eliminates the air gap between the
conductor core and the insulating layer, as well as the in-
terface between the insulating layer and the outer conduc-
tive layer. This prevents partial discharges and increases
the stability of cable operation and service life. However,
as the operational lifespan of high-voltage DC cables
increases, the accumulation of internal space charges
becomes increasingly significant. This phenomenon nega-
tively impacts the electrical performance of the insulating
material, potentially jeopardizing the safe and stable oper-
ation of the cable [19].

The experimental results presented by Guochang Li and
colleagues [20] demonstrate that a composite high-semi-
conducting conductor shielding material, comprising an
appropriate amount of graphene in place of the traditional
semiconducting layer shielding material, carbon black,
can effectively reduce the accumulation of charge in the
insulating layer. Furthermore, it can improve the cable’s
performance in the case of an uneven electric field, thus
avoiding potential issues. The occurrence of localized dis-
charges in the conductor and the insulating layer between
the conductor and the insulating layer is simultaneously
reduced, thereby reducing the incidence of abnormal cable
operation processes, such as cracking. Furthermore, pow-
er loss and electromagnetic radiation pollution are dimin-
ished, while the external electromagnetic environment’s
interference with the cable signal is effectively prevented.
This ensures the quality of transmission and enhances
electromagnetic compatibility.
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Fig.1 Schematic representation of the structural configuration of a high-voltage direct current
(DC) cable.

Moreover, researchers have developed a novel graphene
composite, comprising high-semiconducting internal and
external shielding, impact-resistant power cable (Figure
2). In comparison to traditional cables manufactured with
semiconducting shielding materials, the incorporation of
graphene shielding materials in the shielding layer not
only enhances the conductivity and shielding efficiency

of the shielding material but also improves its extrusion
performance. The extruded shielding layer is rendered
smoother, thereby reducing the generation of partial dis-
charges. Furthermore, the electric field around the cable
becomes more uniform, which in turn enhances the reli-
ability and safety of cable operation and prolongs its oper-
ating life.

Fig.2 Schematic structure of graphene composite high semiconducting internally and
externally shielded impact resistant power cable[21]

3.3 Additional Forms of Graphene Cables

3.3.1 Nano-Coated graphene cables

Derivative new products of wire and cable are primarily
the result of the adoption of new materials, special ma-
terials, or alterations to the product structure, improve-

ments to the process requirements, or the combination of
different varieties of products due to varying application
occasions, application requirements, and the requirements
of convenience of equipment and reduction of equipment
costs. In certain work environments, it may be necessary
to enhance the conductivity of the cable in order to facil-
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itate optimal functionality. In such instances, the typical
cable components tend to be relatively fixed, making it
challenging to augment other components through in-
creased conductivity. Consequently, the internal conductor
of the cable must be optimized to fulfill its intended role
of enhancing conductivity.

Researchers have developed a graphene nano-coated ca-
ble with enhanced conductivity through the optimization
of the core conductor components and the addition of a
nano-graphene layer to match the laminated shielding

line structure[22], which is composed of the cable core.
The structure of this cable is illustrated in Figure 3. This
allows for an effective improvement in the conductor’s
own conductivity efficiency, as well as the utilisation of
the outer layer of the shielding component to guarantee
the cable’s transmission efficacy. This approach helps to
circumvent the potential influence of external factors that
could otherwise impact the operational effectiveness. Ulti-
mately, this enables a comprehensive enhancement in the
overall conductivity.

Fig.3a Schematic of graphene nano-coated cable structure[22]

Fig.3b Schematic structure of graphene nano-coated cable conductor section[22]

3.3.2 Graphene-Insulated composite cable most components. The core is composed of a conductor,
an insulating layer, and a graphene semiconducting layer
from the innermost to outermost components. The prepa-

ration process is compact and consistent, which is con-

The structure of the graphene-insulated composite cable is
illustrated in Figure 4. It comprises a core unit, a shielding
layer, and a protective layer from the innermost to outer-



ducive to the continuous and efficient production of the
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cable.

Fig.4 Schematic structure of graphene insulated composite cable[23]

In comparison with the conventional cable, the improved
effect of this graphene-insulated composite cable is as fol-
lows[23]:

(1)Compared to the prior art in which there is a gap be-
tween a plurality of cable cores when they are formed into
a cable, resulting in noise that is easily generated during
use due to relative displacement between conductors and
between other components. By changing the contact meth-
od between adjacent cable cores, the existing cylindrical
fitting is changed to face contact so that the plurality of
cable cores can maintain a stable relative position without
setting filler materials, thereby reducing the relative dis-
placement between cable cores due to external forces in
the use process and effectively reducing noise.

(2)The semi-conductive layer is made of graphene, which
can effectively improve the strength of the cable, and the
graphene semi-conductive layer has good electrical con-
ductivity and smoothness, which can effectively prevent
the generation of electrical charges and discharges, further
reducing noise.

(3)Compared with the prior art, in order to reduce the
noise and filler materials set up to cause the cable prepara-
tion efficiency of the process, in the molding of the cable
core can be obtained directly adjacent to the core for the
face contact of the core structure, so that in the subsequent
formation of the cable between the different cores do not
need to set up filler materials can be stably linked togeth-
er, avoiding the existence of the central gap, reduce the
existing filler materials of the process steps, and effective-

ly improve the efficiency of cable preparation.

4 Application Prospects of Graphene
Cables

The market application prospects of graphene cables in-
clude high-voltage, ultra-high-voltage and extra-high-volt-
age power transmission, as well as electric vehicles, high-
speed railways and other railway transportation fields. In
addition, the excellent corrosion resistance and mechan-
ical properties of graphene cables make them suitable
for use in fields such as marine engineering and petro-
chemicals. Technological innovation and cost reduction
will further promote the application of graphene in cable
materials, and it is expected that graphene cables will oc-
cupy an important position in the marine engineering and
petrochemical markets in the future.

The application of graphene cable in the field of marine
engineering is mainly focused on improving the corrosion
resistance and durability of the cable. The marine environ-
ment is harsh and contains salt and microorganisms, all of
which accelerate the ageing and damage of conventional
cable materials. Graphene coating technology can be ap-
plied to the anti-corrosion protection of ships, offshore
platforms and other marine engineering structures, effec-
tively preventing seawater corrosion, extending the life of
the structure and improving the safety of marine engineer-
ing.

In the context of the petrochemical industry, graphene
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cables can be employed for the purpose of anti-corrosion
protection of oil drilling platforms, oil pipelines and other
relevant equipment. The chemical stability and corrosion
resistance of graphene enable it to resist the erosion of a
variety of corrosive media, including acids, alkalis, salts
and organic solvents. This property extends the service
life of the equipment.

The potential for graphene cables has also been the subject
of market analysis, with major industry players initiating
research and development, production, and commercial-
isation activities. These developments have been accom-
panied by a gradual promotion and exploration of the
commercial applications of graphene in the field of cables.
To illustrate, the graphene cable products of Zhongchao
Holdings have reached the stage of industrial production
and are supplied in bulk to cable manufacturing enterpris-
es in several provinces and cities [24]. Furthermore, the
graphene cable project developed by Hangdian and the
University of New South Wales, Australia, has also made
progress, and the graphene cable samples are undergoing
official testing and are planned to be demonstrated for in-
dustrialisation [25].

As graphene research progresses and production costs
decline, it is anticipated that its utilisation in the electrical
sector will become more prevalent, with a significant role
anticipated in the future energy transmission and high-per-
formance cable industries.

5 Conclusion

The excellent comprehensive properties of graphene have
already led to its use in a number of applications within
the field of cables. Recently, research has been conducted
into the preparation of graphene cables for a variety of
applications, with different methods being employed in
order to achieve the desired outcome.

The synthesis of a composite material comprising
graphene in a laboratory setting has enabled the produc-
tion of a conductor with a conductivity exceeding 100%
ICAS, representing an ultra-high conductivity level for
copper materials. Furthermore, the creation of a three-di-
mensional graphene composite conductor in copper has
resulted in the development of a highly conductive and
high-current-carrying wire and cable, effectively sur-
passing the performance limitations of traditional copper
cable conductors. The incorporation of graphene into
cable composites has facilitated the introduction of a
semiconducting layer on the inner and outer surfaces of
the shielding layer, enhancing the insulation properties of
the insulated core and imparting a smoother appearance.
The utilisation of graphene in cable composites serves to
diminish the occurrence of localised discharges, whilst

simultaneously fostering a more uniform electric field sur-
rounding the cable. This, in turn, enhances the reliability
and safety of cable operation. Furthermore, the graphene
nano-coated cable exhibits high conductivity, effectively
combating material erosion. The preparation process is
straightforward and cost-effective, rendering it suitable
for large-scale production. The insulated composite ca-
bles, which incorporate graphene, are designed with the
objective of enhancing the insulating properties of cables
and reducing noise. Additionally, they seek to mitigate the
occurrence of partial discharges, which may arise during
the operation of cables, and to extend the service life of
the cable.

The aforementioned application cases illustrate that the
utilisation of graphene in the domain of cables is not
merely a conventional single or multifaceted innova-
tion. Rather, it is an endeavour that seeks to address the
inherent limitations of conventional cable materials and
enhance their performance, thereby paving the way for
the advent of a new generation of high-performance ca-
bles. With continued research and the industrialisation of
graphene, it is anticipated that graphene will become a
more pervasive element within the cable industry.

China is currently the leading nation in global research
and industrialisation in the field of graphene. The com-
bined efforts of the government and private enterprises
have accelerated the industrialisation of graphene cables,
resulting in notable advancements. However, the applica-
tion of graphene in the field of cables still presents certain
challenges, including the need to enhance the stability and
reduce the cost of graphene materials, as well as to perfect
the related production process and standardisation. It is
anticipated that, as the technology continues to mature and
market demand grows, graphene will play an increasingly
important role in the future power transmission system.
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