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Abstract: With the rapid development of nanomaterial technology, graphene has become a research
hotspot in the field of materials science due to its unique physical and chemical properties. This review
paper aims to explore the performance enhancement of graphene-modified carbon fiber composite (FCM)
porous materials and their application potential in intelligent manufacturing. By systematically
analyzing the interaction mechanisms between graphene and carbon fibers, this paper reveals how
graphene modification can significantly improve the mechanical strength, thermal conductivity,
electromagnetic shielding effectiveness, and tribological performance of FCMs. Furthermore, this paper
discusses the applications of graphene-modified FCMs in the field of smart materials, including their
use as high-performance strain sensors, piezoresistive nanocomposites, and electrode materials for
energy storage systems.This paper first reviews the preparation methods of graphene-modified FCMs,
including chemical vapor deposition, in situ growth, and surface modification techniques. It then
provides a detailed discussion of the performance testing results of these composites, including
experimental data on their mechanical, thermal, and electrical properties. Through comparative analysis,
this paper demonstrates the significant advantages of graphene-modified FCMs in enhancing material
properties. Furthermore, it explores the integration of these materials in intelligent manufacturing
systems, such as their potential applications in flexible electronics, sensor technologies, and energy
storage devices. Finally, the paper looks ahead to the future research directions and challenges in
graphene-modified FCM porous materials, including large-scale production, cost-effectiveness analysis,
and environmental impact assessments. This review provides a comprehensive perspective on the design,
preparation, and application of graphene-modified FCM materials, offering valuable insights for
materials scientists and engineers working in the fields of high-performance composites and intelligent
manufacturing.

Keywords: Graphene, Carbon Fiber Reinforced Composites, Intelligent Manufacturing, Porous
Materials

1. Introduction

In the 21st century's technological revolution, advancements in materials science have brought about
revolutionary changes across various industries. Particularly in fields such as aerospace, automotive
manufacturing, energy storage, and flexible electronics, the demand for high-performance materials is
growing rapidly. Carbon fiber reinforced composites (CFRCs), known for their light weight, high
strength, and excellent chemical stability, have become key materials in these sectors. However, the
performance of CFRCs still has significant potential for enhancement, particularly in meeting the
demands of increasingly complex application environments and ever-higher performance standards.
Graphene, a two-dimensional material consisting of a single atomic layer of carbon, unlocks innovative
possibilities for improving the performance of CFRCs with its remarkable mechanical strength,
exceptional electrical conductivity, and outstanding thermal conductivity[1].

The discovery of graphene heralded a new era in two-dimensional material research, with its
unparalleled properties granting it transformative potential in the field of materials science. The
introduction of graphene not only enhances the mechanical properties of CFRCs but also significantly
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improves their thermal management capabilities and electromagnetic shielding effectiveness[2].
Additionally, the high specific surface area and chemical reactivity of graphene show immense potential
for applications in catalysis, sensing, and energy storage. With the rise of intelligent manufacturing
technologies, graphene-modified CFRCs hold particularly promising prospects for applications in smart
materials and systems[3].

This review aims to provide a comprehensive analysis of the latest research advancements in
graphene-modified FCM porous materials, exploring their potential for performance enhancement and
applications in intelligent manufacturing. First, we will review the preparation techniques and methods
for graphene-modified FCMs, followed by a detailed discussion of their performance testing results,
including mechanical, thermal, and electrical properties[4]. Next, the paper will explore the applications
of graphene-modified FCMs in intelligent manufacturing, particularly in smart sensors and energy
storage systems[S5]. Finally, we will look ahead to the future research directions and challenges for
graphene-modified FCMs, aiming to offer guidance and inspiration for materials scientists and
engineers[6].

Through in-depth research on graphene-modified FCM porous materials, we not only advance the
development of high-performance composite materials but also provide innovative material solutions for
the field of intelligent manufacturing[7]. This review will offer readers a comprehensive perspective on
the significance and application prospects of graphene-modified FCMs in modern materials science[8].

2. Current Research Status Domestically and Internationally
2.1. Current Research Status of Graphene-Modified FCM

Recent research on graphene-modified FCM (fiber-reinforced composite) porous materials has made
significant progress in performance enhancement and potential applications in intelligent
manufacturing[9]. Graphene, known for its exceptional conductivity, thermal conductivity, and strength,
can significantly improve the mechanical properties, thermal resistance, and heat conductivity of FCM
materials. In both domestic and international studies, graphene-modified FCMs are widely used in fields
such as aerospace, automotive, and electronic devices. Particularly in intelligent manufacturing, their
superior self-sensing capabilities, environmental adaptability, and mechanical properties show great
potential for applications in sensors, flexible electronics, and smart structures[10].

2.2. International Overview

In recent years, graphene, as a novel two-dimensional material, has attracted widespread attention for
its application in modified composites due to its unique physical and chemical properties. Graphene
boasts an extremely high specific surface area (2630 m?/g), excellent electrical conductivity, thermal
conductivity, and exceptional mechanical strength, all of which make it highly promising for applications
in porous materials. Research on graphene-modified fiber-reinforced composites (FCMs) has primarily
focused on several key areas:

International studies have shown that the introduction of graphene significantly enhances the
mechanical properties, thermal conductivity, and wear resistance of FCM porous materials[11]. For
example, by adding graphene as a reinforcing phase to matrix materials such as glass fibers and carbon
fibers, researchers have found that uniform dispersion of graphene improves the toughness, compressive
strength, and high-temperature resistance of the composite materials[12]. In the field of porous materials,
the thermal conductivity of graphene has been utilized to enhance the thermal management properties of
the materials, particularly in the electronics and aerospace industries, where graphene-modified
composites maintain stable performance under high-temperature conditions[13].

With the development of intelligent manufacturing and smart materials, graphene-modified FCM
porous materials have also been widely applied for their self-sensing and self-healing capabilities.
Studies have shown that graphene-enhanced composites can monitor internal stress or temperature in
real-time through their electrical conductivity[14]. For example, in aerospace applications, graphene-
modified composites are used as structural health monitoring materials, detecting external environmental
changes or internal damage through resistance variations. Additionally, some research has explored
combining graphene with other materials, such as polymers, to develop composites with self-healing
functions that can automatically repair themselves upon external activation, thereby extending the
material's lifespan and improving safety[15].

Published by Francis Academic Press, UK
-95.



Academic Journal of Materials & Chemistry

ISSN 2616-5880 Vol. 5, Issue 3: 94-98, DOI: 10.25236/AJMC.2024.050314

In intelligent manufacturing, the superior properties of graphene-modified FCMs show great potential
in various application scenarios[16]. For instance, the high thermal and electrical conductivity of
graphene-enhanced composites has led to significant advancements in flexible electronics, sensors, and
electronic packaging[18]. Particularly in 3D printing technology, the introduction of graphene improves
the mechanical and thermal properties of printed materials, allowing composite materials to perform
reliably across a wider range of temperatures and pressures[17]. Furthermore, the lightweight
characteristics of graphene-modified materials make them ideal for lightweight designs in industries such
as automotive, aerospace, and high-performance sports equipment. For porous structures requiring high
strength and low weight, graphene composites offer considerable advantages[18].

The corrosion resistance and durability of graphene-modified FCM porous materials have also
attracted significant attention in international research. Studies indicate that graphene can effectively
improve the oxidation and corrosion resistance of composite materials, particularly in extreme
environments such as high temperatures or acidic and alkaline media. The nanoscale structure of
graphene helps prevent material degradation by external environmental factors, making graphene-
modified composites highly applicable in industries such as marine, chemical, and petroleum[19].

The dispersion of graphene in composite materials is a key factor affecting performance. As a result,
significant progress has been made internationally in improving the preparation processes of graphene
composites. Advanced techniques, such as solution mixing, hot pressing, sol-gel methods, and 3D
printing, have been developed to enhance the dispersion and interface bonding of graphene within the
matrix material. Particularly in 3D printing, precise control over graphene content and dispersion allows
for fine-tuning of the composite material's properties to meet the requirements of various industrial
applications.

Despite the wide application prospects of graphene-modified FCMs across various fields, several
challenges remain[20]. First, the efficient and uniform dispersion of graphene still presents a significant
challenge in the preparation process. Additionally, the high cost of graphene-modified composites limits
their large-scale application. Furthermore, the stability, long-term reliability, and interface bonding
between graphene and matrix materials need further research and improvement[21].

International research on graphene-modified FCM porous materials has made significant strides,
particularly in improving the mechanical properties, thermal conductivity, smart functionality, and
environmental adaptability of these materials, showcasing the tremendous potential of graphene. With
continued research, graphene-modified composites are expected to see broader applications in intelligent
manufacturing, flexible electronics, aerospace, and high-performance materials.

2.3. Current Research Status in China

China's research in graphene-modified carbon fiber reinforced composites (FCMs) is rapidly
advancing, and significant progress has been made in this field:

Chinese researchers have successfully developed graphene/carbon fiber/epoxy composites by using
graphene prepreg as a functional layer, which is applied to the surface of carbon fibers. Studies have
shown that the addition of graphene prepreg does not affect the internal quality of the composite, and the
graphene functional layer has good interfacial compatibility with the carbon fiber structural layer. By
utilizing graphene's excellent electrical conductivity, the electromagnetic interference (EMI) shielding
performance of the corresponding composite material can be significantly enhanced. For example, by
adding just one layer of graphene prepreg (G105/3234), the EMI shielding efficiency of carbon
fiber/epoxy composites increased from 27.7 dB to 64.7 dB, while maintaining satisfactory mechanical
properties[21].

Domestic research has also focused on the microstructure and dynamic thermodynamic properties of
graphene oxide-modified carbon fiber/epoxy resin composites with different surface characteristics.
These studies contribute to a deeper understanding of the composite materials' microstructures and
thermodynamic behaviors, providing a scientific basis for improving the performance of these
materials[22].

With the rapid development of the wind power and sports industries, the demand for carbon fiber
composites in China continues to grow. In 2022, the demand for carbon fiber composites reached 114,500
tons, a year-on-year increase of 19.3%, demonstrating strong growth momentum[23].

China's acrylic fiber production has been steadily increasing, with a production volume of 3.216
million tons in 2023, representing a 7.2% year-on-year growth. The carbon fiber market size is also
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expanding, with the market size reaching 12.81 billion RMB in 2022, an increase of 20.69% from the
previous year, and it is expected to reach 17.14 billion RMB by 2024. China's carbon fiber production
capacity is rapidly expanding, with a production capacity of 138,300 tons in 2023, expected to reach
145,600 tons by 2024.

A review article published by the Liu Zhongfan/Peng Hailin team from the Beijing Institute of
Graphene on Nature Materials discusses the current status, challenges, and market analysis of graphene
industrialization technologies. The article emphasizes the importance of graphene industrialization
preparation technologies, proposing the concept of "graded" graphene and highlighting the importance
of "breakthrough" applications of graphene[24].

In summary, China has made significant progress in the research and industrialization of graphene-
modified carbon fiber composites, with a continuously growing market demand, an improving industrial
chain, and ongoing advancements in graphene industrialization technologies. These research
achievements provide a solid foundation for enhancing the performance and expanding the applications
of carbon fiber composites.

3. Conclusions

With the rapid development of intelligent manufacturing and new materials technology, graphene-
modified fiber-reinforced composite (FCM) porous materials have emerged as a new type of material
with excellent performance, showing broad application prospects. This paper explores the advantages of
graphene in enhancing the mechanical properties, thermal conductivity, and high-temperature resistance
of FCM porous materials. It also analyzes their potential in the field of intelligent manufacturing,
particularly in applications such as sensors, smart structures, and high-performance materials.

Graphene not only significantly improves the mechanical and thermal properties of composite
materials but also exhibits unique advantages in intelligent functions (such as self-sensing and health
monitoring) and environmental adaptability. This makes graphene-modified composites highly
promising for a range of industries, including aerospace, automotive, and electronics, especially within
the context of intelligent manufacturing. However, despite the broad prospects of graphene composites
in performance enhancement and application expansion, challenges remain in terms of dispersion,
production cost, and long-term stability, which require further research and technological breakthroughs.

Looking ahead, as graphene production technology matures and preparation processes are improved,
graphene-modified composites are expected to demonstrate their advantages in more application areas.
In line with the needs of intelligent manufacturing, graphene composites will play an increasingly
important role in fields such as flexible electronics, high-performance sensors, and smart structures. To
promote the large-scale application and industrialization of graphene composites, future research should
focus more on optimizing material dispersion, enhancing the overall performance, and reducing
production costs, providing more efficient and sustainable material solutions for intelligent
manufacturing and high-tech industries.

In conclusion, the research and application of graphene-modified FCM porous materials have vast
development potential. Future research should further strengthen the integration of theory and practice,
driving technological innovation and the industrialization of graphene composites, and injecting new
momentum into the development of modern manufacturing.

Acknowledgements

This research was supported by the Quzhou City Science and Technology Plan Guiding Project .

References

[1] L. Ma, X. Ma, H. Lan, Y. Liu, and W. Deng, "A data-driven method for modeling human factors in
maritime accidents by integrating DEMATEL and FCM based on HFACS: A case of ship collisions,"
Ocean Eng., vol. 266, p. 112699, 2022-1-1. 2022.

[2] M. Hosseinpour, S. Ghaemi, S. Khanmohammadi, and S. Daneshvar, "A hybrid high-order type-2
FCM improved random forest classification method for breast cancer risk assessment,” Appl. Math.
Comput., vol. 424, p. 127038, 2022-1-1. 2022.

[3] L. Lin et al., "A new FCM-XGBoost system for predicting Pavement Condition Index," Expert Syst.

Published by Francis Academic Press, UK
-97-



Academic Journal of Materials & Chemistry
ISSN 2616-5880 Vol. 5, Issue 3: 94-98, DOI: 10.25236/AJMC.2024.050314

Appl., vol. 249, p. 123696, 2024-1-1. 2024.

[4] S. Bashir et al., "Conducting polymer/graphene hydrogel electrodes based aqueous smart
Supercapacitors: A review and future prospects,” J. Electroanal. Chem., vol. 898, p. 115626, 2021-1-1.
2021.

[5] F. Tabatabai-Yazdi, A. E. Pirbazari, F. E. K. Saraei, and N. Gilani, "Construction of graphene based
photocatalysts for photocatalytic degradation of organic pollutant and modeling using artificial
intelligence techniques,"” Physica B: Condensed Matter, vol. 608, p. 412869, 2021-1-1. 2021.

[6] I. G. David, E. E. lorgulescu, D. E. Popa, M. Buleandra, M. C. Cheregi, and H. Noor, "Curcumin
Electrochemistry—Antioxidant  Activity Assessment, Voltammetric Behavior and Quantitative
Determination, Applications as Electrode Modifier," Antioxidants, vol. 12, no. 11, p. 1908, 2023-1-1.
2023.

[7] C. Borrero-Dominguez and T. Escobar-Rodriguez, "Decision support systems in crowdfunding: A
fuzzy cognitive maps (FCM) approach,” Decis. Support Syst., vol. 173, p. 114000, 2023-1-1. 2023.

[8] Z. Shi, D. Wu, C. Guo, C. Zhao, Y. Cui, and F. Wang, "FCM-RDpA: TSK fuzzy regression model
construction using fuzzy C-means clustering, regularization, Droprule, and Powerball Adabelief," Inf.
Sci., vol. 574, pp. 490-504, 2021-1-1. 2021.

[9] W. Pedrycz, "Federated FCM: Clustering under privacy requirements," IEEE Trans. Fuzzy Syst., vol.
30, no. 8, pp. 3384-3388, 2021-1-1. 2021.

[10] P. Zhang, X. Li, J. Guo, and Z. Gao, "Fracture properties of cementitious composites containing
nano-materials: A comprehensive review," Theor. Appl. Fract. Mech., p. 104586, 2024-1-1. 2024.

[11] L. Wang, "Imbalanced credit risk prediction based on SMOTE and multi-kernel FCM improved by
particle swarm optimization," Appl. Soft Comput., vol. 114, p. 108153, 2022-1-1. 2022.

[12] K. Kokkinos, V. Karayannis, N. Samaras, and K. Moustakas, "Multi-scenario analysis on hydrogen
production development using PESTEL and FCM models," J. Clean. Prod., vol. 419, p. 138251, 2023-
1-1. 2023.

[13] L. Yuan and L. Liu, "Peptide-based electrochemical biosensing,” Sensors and Actuators B:
Chemical, vol. 344, p. 130232, 2021-1-1. 2021.

[14] M. Ferndndez-dlvarez, F. Velasco, D. de la Fuente, and A. Bautista, "Powder organic coatings
functionalized with calcium ion-exchanged silica corrosion inhibitors," Surface and Coatings
Technology, vol. 477, p. 130377, 2024-1-1. 2024.

[15] I. Ebtehaj et al., "Prediction of daily water level using new hybridized GS-GMDH and ANFIS-FCM
models," Eng. Appl. Comput. Fluid Mech., vol. 15, no. 1, pp. 1343-1361, 2021-1-1. 2021.

[16] A. Ramirez Carnero, A. Lestido-Cardama, P. Vazquez Loureiro, L. Barbosa-Pereira, A. Rodriguez
Bernaldo De Quiros, and R. Sendon, "Presence of perfluoroalkyl and polyfluoroalkyl substances (PFAS)
in food contact materials (FCM) and its migration to food," Foods, vol. 10, no. 7, p. 1443, 2021-1-1.
2021.

[17] Y. Pang, M. Shi, L. Zhang, X. Song, and W. Sun, "PR-FCM: a polynomial regression-based fuzzy
C-means algorithm for attribute-associated data," Inf. Sci., vol. 585, pp. 209-231, 2022-1-1. 2022.

[18] J. Uddin et al., "Progress in Electronic, Energy, Biomedical and Environmental Applications of
Boron Nitride and MoS2 Nanostructures," Micromachines, vol. 15, no. 3, p. 349, 2024-1-1. 2024.

[19] Y. Z. N. Htwe et al., "Progress in etching-driven MXene synthesis and utilization in conductive inks
for printed electronics applications: A comprehensive review," Synth. Met., vol. 306, p. 117631, 2024-1-
1.2024.

[20] J. He, L. Tang, Y. Xia, J. Zhou, X. Jiang, and X. Hou, "Rapid in-situ synthesis of metal organic
frameworks for biosensors," TrAC Trends in Analytical Chemistry, p. 117709, 2024-1-1. 2024.

[21] S. Liu et al., "Research progress on detection techniques for point-of-care testing of foodborne
pathogens," Front. Bioeng. Biotechnol., vol. 10, p. 958134, 2022-1-1. 2022.

[22] B. Gu, H. Hu, J. Zhao, H. Zhang, and X. Liu, "Short-term wind power forecasting and uncertainty
analysis based on FCM—WOA-ELM—-GMM," Energy Rep., vol. 9, pp. 807-819, 2023-1-1. 2023.

[23] H. Bian, Y. Zhong, J. Sun, and F. Shi, "Study on power consumption load forecast based on K-
means clustering and FCM—-BP model," Energy Rep., vol. 6, pp. 693-700, 2020-1-1. 2020.

[24] A. Nikseresht, M. Zandieh, and M. Shokouhifar, "Time Series Forecasting Using Improved
Empirical Fourier Decomposition and High-Order Intuitionistic FCM: Applications in Smart
Manufacturing Systems," IEEE Trans. Fuzzy Syst., 2024-1-1. 2024.

Published by Francis Academic Press, UK
-98-



	2.1. Current Research Status of Graphene-Modified FCM
	2.2. International Overview
	2.3. Current Research Status in China

