


Research progress on properties of carbon fiber reinforced cement-based composites
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1.Introduction 
Traditional cement-based composites excel in compressive strength, fire resistance, water resistance, and corrosion resistance [1]. However, due to their limited functionality and poor toughness, they are prone to plastic deformation and shrinkage during use, which can lead to cracking and surface spalling, accelerating material aging and corrosion, and affecting the durability of engineering structures [2]. With the continuous development of society, people have raised higher demands on architectural design, structural reliability, and safety. Carbon fiber, as a cement-based reinforcement material, has the advantages of low density, high strength, and good electrical conductivity [3]. Therefore, researchers have developed carbon fiber reinforced cement-based composites (CFRC) using cement as the matrix and carbon fiber as the reinforcement to meet the increasing demand for material performance in modern architecture.
The application of short carbon fiber (CF) in cement-based materials can not only significantly improve the mechanical properties of the materials [4], but also endow them with various functional properties, such as sensitive response to temperature and pressure, self-sensing ability of stress and damage, electromagnetic shielding performance, and thermoelectric effect [5]. These excellent properties significantly expand the application prospects of carbon fiber reinforced cement-based composites (CFRC). In recent years, with the continuous progress of technology, China has continuously improved the production and performance of carbon fiber (CF), while the production cost has gradually decreased, laying a solid foundation for the large-scale application of CFRC in the engineering field. In the future, CFRC is expected to play a key role in cutting-edge fields such as high-performance building materials, intelligent structural systems, and infrastructure health monitoring, promoting the deep integration of materials science and civil engineering, and helping the industry to innovate and develop towards intelligence and sustainability.
2.The performance characteristics and applications of CFRC 
2.1 Preparation of CFRC 

In the preparation process of CFRC, the most critical technical challenge lies in how to achieve uniform dispersion of carbon fibers in the cement matrix, which directly determines the mechanical properties and functional characteristics of the material. Existing research has confirmed that uniform distribution of carbon fibers in concrete is a prerequisite for fully exerting its tensile, compressive, and flexural properties. If the carbon fibers are unevenly dispersed, it will not only be difficult to effectively improve the mechanical properties of the material, but may also lead to stress concentration, forming local weak areas, thereby weakening the overall strength [6,7].
The hydrophobicity and van der Waals force on the surface of carbon fibers are important reasons for the difficulty in dispersion. Previous studies have shown that the addition of dispersants can improve the dispersibility of carbon fibers. CFRC commonly uses cellulose-based dispersants such as methyl cellulose (MC), hydroxypropyl methyl cellulose (HPMC), hydroxyethyl cellulose (HEC), carboxymethyl cellulose sodium (CMC), polyacrylic acid-based dispersants such as polyacrylate sodium (PAAS) and polyacrylamide (PAM), as well as inorganic dispersants such as NaOH and GO [8].
Liu Caorui [8] adopted an image-based data processing method to achieve quantitative characterization of carbon fiber dispersibility, and systematically analyzed the correlation between the properties of dispersants and the dispersion effect from the perspective of dispersion mechanism. The research results showed that the dispersion patterns of carbon fibers in aqueous solutions and concrete systems are consistent; the dispersion effect is ranked from low to high as follows: no dispersant < MC < HPMC < HEC < CMC < PAM < PAAS. The longer the molecular chain of the dispersant, the more complex the side chains and cross-linking structures, and the stronger the water absorption capacity, which is more conducive to improving the dispersion effect of the fiber. In addition, the shorter the fiber length, the better its dispersibility.
In the dispersion process, carbon fibers are usually added to an aqueous solution containing a dispersant and mechanically stirred to achieve initial uniform dispersion. Subsequently, the resulting dispersion liquid is slowly poured into a solid mixture composed of cement, fine aggregates, etc., and the stirring speed is alternately changed to further enhance the dispersion effect of carbon fibers. After casting or pressing and sufficient curing, CFRC composite materials with uniformly distributed carbon fibers and dense structure can be prepared, providing a strong guarantee for their excellent performance [9].
2.2 Mechanical properties
Carbon fiber has extremely high mechanical strength, and its incorporation into cement-based materials can significantly improve their mechanical properties. Its reinforcement mechanism is mainly based on the crack-resistant effect of fibers. When carbon fiber cement-based composites are subjected to external stress, a certain number of cracks will form internally. Due to the excellent tensile strength of carbon fibers, during the crack propagation process, the carbon fibers at both ends of the crack will not immediately break, but will exert stress to resist further expansion of the crack, effectively improving the mechanical properties of the composite material [10].
Liu Qiong [11] incorporated short-cut PAN-based carbon fibers into cement-based composites and found that the addition of fibers could promote hydration reactions and increase the compactness of the matrix, thereby improving the compressive properties of the material. With the increase of fiber content, the compressive strength of the composite material at 7 d and 28 d showed a trend of first increasing and then decreasing, reaching a peak at a fiber content of 0.6% (mass fraction), with compressive strength increases of 19.28% and 20.33% compared to the control group, respectively.
From the research of the above scholars, it can be seen that carbon fiber, due to its high strength characteristics, can effectively improve the crack resistance and impermeability of carbon fiber reinforced cement-based composites (CFRC), reduce shrinkage deformation, and significantly improve its mechanical properties. However, when the amount of carbon fiber is too high, it can lead to a decrease in the compressive strength of the material. This is mainly due to the difficulty of uniformly dispersing excessive carbon fiber in the cement matrix, and the prolonged mixing process, which is prone to introducing more bubbles. Under compression, these bubble areas are prone to form stress concentration points, becoming weak links in the material, and thus leading to local failure [13].
2.3 Electrical conductivity
Carbon fiber has excellent electrical conductivity, and when it is incorporated as a reinforcement phase into cement-based materials, it can form an effective conductive network inside the material. In carbon fiber cement-based composites, the conductive mechanism mainly relies on the conductive pathways constructed by the mutual contact between carbon fibers. The current conduction behavior in this conductive network mainly manifests in two mechanisms: the percolation effect and the tunneling effect.
Percolation theory [14] indicates that carbon fibers are randomly distributed in cement-based materials and form multiple tiny conductive clusters. When the amount of carbon fibers reaches a certain critical threshold, these conductive clusters will connect with each other to form a continuous conductive network, resulting in a significant decrease in material resistivity. As the amount of carbon fibers further increases, the number of conductive paths continues to increase, and the resistivity continues to decrease, but the rate of decrease tends to slow down.
On the other hand, the tunneling effect theory [15] suggests that at low conductive filler content, although the carbon fibers are not in direct contact, some π electrons can still gain enough energy to cross the insulating barrier between particles, achieving charge transfer through quantum tunneling effect, thus endowing the composite material with certain conductivity..
Xie Jin [16] studied the effect of carbon fiber (CF) content on the thermal conductivity of composite materials. The results showed that as the CF content increased, the thermal conductivity of carbon fiber reinforced cement-based composites (CFRC) gradually decreased and eventually stabilized. 
Huang Xin [17] explored the influence of carbon fiber content on the electrical conductivity of CFRC and found that when the carbon fiber content reached 1%, the composite material reached the percolation threshold, at which point the carbon fibers formed a continuous conductive network in the matrix, significantly improving the electrical conductivity of the material. 
Han Baoguo [18] prepared CFRC using ultrasonically treated carbon fibers and combined with microscopic experimental analysis to theoretically clarify the mechanism of carbon fibers improving the mechanical and electrical properties of cement-based materials.
2.4 Piezoelectric effect
The piezoresistive effect refers to a physical property in which the resistivity of a material changes with the strain it experiences. When carbon fiber cement-based composites are subjected to compressive forces, their resistivity (or capacitance, impedance) reversibly decreases with increasing pressure; when the pressure is removed, the resistivity can return to its initial value. Conversely, when subjected to tensile forces, the resistivity (or capacitance, impedance) reversibly increases with increasing tension [15].
Deng Yousheng [19] fabricated strain sensors using carbon fiber cement-based composites and conducted three-point bending tests on prefabricated concrete beams to investigate the relationship between the average strain of concrete beams and the applied load. The experimental results showed that the carbon fiber cement-based composite sensor could sensitively respond to the strain changes of concrete beams, and there was a good linear correlation between the average strain and the applied load, demonstrating excellent sensing performance.
Zhao Xiaohua [20] systematically studied the effect of moisture content on the piezoresistive effect of carbon fiber cement-based composites. The study found that under continuous drying and uniaxial loading conditions, the piezoresistive properties of the composites exhibited significant differences with changes in moisture content. When the moisture content was high, the material exhibited a positive piezoresistive effect, where the resistivity monotonically decreased with increasing compressive strain. As the moisture content gradually decreased, the piezoresistive effect transitioned from positive to negative. In a low moisture state, the negative piezoresistive effect was more pronounced, with a larger magnitude of resistivity change and a more significant response. This indicates that lower moisture content helps to enhance the piezoresistive sensitivity of carbon fiber cement-based composites, providing a theoretical basis for their intelligent monitoring applications in humidity-controlled environments.
2.5 Electromagnetic shielding
Carbon fiber mainly exists as an electromagnetic loss medium, exhibiting excellent shielding performance for electromagnetic waves, and thus has received extensive attention and in-depth research from many scholars.
Wang Chuang [21] systematically studied the influence of carbon fiber with different mass contents on the electromagnetic wave reflectivity of carbon fiber cement-based composites at multiple frequency bands. The experimental results showed that this type of composite material has strong absorption ability for electromagnetic waves, exhibiting excellent electromagnetic wave absorption performance and is a good absorbing material.
Wang Zhenjun [22] prepared carbon fiber cement mortar specimens using short carbon fibers, and systematically investigated the effects of carbon fiber content, water-cement ratio, and water reducer on the electromagnetic reflection properties of the material at high frequencies. The study found that as the carbon fiber content increased, the electromagnetic wave reflection properties of the material significantly improved; when the carbon fiber content exceeded a certain critical value, its electromagnetic characteristics gradually shifted from absorption-dominated to reflection-dominated. Under the same conditions, when the water-cement ratio was below 0.6, the specimens mainly exhibited electromagnetic reflection characteristics; when the water-cement ratio was above 0.6, they gradually exhibited strong wave absorption capabilities. In addition, the influence of water reducers on electromagnetic properties was relatively small.
Liu [23] effectively improved the electromagnetic shielding performance of carbon fiber cement-based composites by introducing Fe₃O₄ nanoparticles. The results showed that with the increase of Fe₃O₄ content, the shielding effectiveness of the composite material significantly improved. When the Fe₃O₄ content was 5 wt% and the carbon fiber content was 0.4 wt%, the material exhibited the best electromagnetic shielding effect, and the shielding performance was significantly enhanced compared to the sample without Fe₃O₄ added.
3 Conclusion
Concrete is the most widely used and largest quantity of building material globally. Compared with traditional cement-based materials, CFRC (Carbon Fiber Reinforced Cement) possesses high strength, good conductivity, sensitivity to temperature and stress, and excellent electromagnetic shielding performance. Therefore, it can not only be used as a structural material but also as a smart material, exhibiting broad application prospects in civil engineering, smart structures, and functional integration systems. Despite significant progress in the research and application of carbon fiber reinforced cement composites, there are still many technical bottlenecks and deficiencies.
1) The dispersion issue of carbon fibers in cement-based materials urgently needs to be addressed. Traditional dispersion methods often fail to ensure uniform distribution of carbon fibers in the cement matrix, and their dispersion state directly affects key indicators such as the mechanical properties, electrical conductivity, and durability of composite materials. Therefore, how to effectively enhance and stably control the uniform dispersion of carbon fibers in the cement matrix remains a key and difficult research focus, and further in-depth exploration is warranted.
2) The instability of interfacial bonding performance in carbon fiber cement-based composites. Due to the difficulty in achieving ideal bonding between carbon fibers and cement-based materials, weak spots may form at the interface, thereby affecting the bonding performance, which to some extent limits their reinforcement effect on the cement matrix. Therefore, how to enhance the compatibility between carbon fibers and cement-based materials remains a key issue that needs to be urgently addressed in future research.
3) The cost issue of carbon fiber cement-based materials. Given the high price of carbon fiber, could we consider adopting a more diversified composite approach by incorporating materials that can enhance the performance of composite materials while maintaining a lower cost? This could effectively reduce the manufacturing cost of carbon fiber cement-based composite materials and promote their large-scale application.
With the continuous advancement of technology, these issues will gradually be resolved in the future, and the application prospects of carbon fiber cement-based composites will become even broader.
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