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A review of the research on the mechanical properties of ultrafine fly ash recycled concrete 
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ABSTRACT 

	Fly ash is a solid waste from coal-fired power plants, and its massive discharge puts pressure on the ecological environment. Using fly ash in concrete can improve strength and reduce cement usage, but its early strength is relatively low. By grinding to produce ultrafine fly ash (particle size<10 μ m or specific surface area>600 m ²/kg), its activity can be significantly enhanced, the compactness and interfacial structure of concrete can be improved, and it has a certain water reducing effect. At the same time, the recycling of construction waste has also received much attention. Recycled aggregates replace natural aggregates to produce recycled concrete, which is both environmentally friendly and resource efficient. Research has shown that a moderate amount of fly ash (20%~40%) can improve the later strength and workability of concrete, but excessive dosage can lead to a decrease in performance. Ultra fine fly ash further optimizes the performance of concrete due to its finer particle size and higher activity. For example, adding 10% to 30% ultrafine fly ash can significantly improve compressive strength and enhance fluidity. In addition, adding ultra-fine fly ash to recycled concrete can delay slump loss and improve resistance to sulfate attack, but the carbonation resistance will decrease with increasing fly ash content. This review is systematically based on existing knowledge, discussing fly ash concrete and fly ash recycled concrete, and then focusing on the more advanced ultra-fine fly ash recycled cement, providing a comprehensive overview of its evolution and benefits.
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1. INTRODUCTION

With the development of industry and the advancement of urbanization, as well as the construction of major projects along the "the Belt and Road", the existing stock of industrial solid waste and construction waste has increased at a rapid rate. However, the utilization rate of solid waste is not high. Most of them choose to stack or bury on the spot, resulting in a large amount of waste of land resources and environmental pollution. Saving resources and utilizing them rationally require continuous research and discovery of new resources to replace them. "Turning waste into treasure" is an important measure we take in a series of effective measures.

Fly ash is mainly a solid waste discharged from coal-fired power plants, which is collected through the emission of flue gas. With the significant increase in power generation capacity, the emission of fly ash also increases, and the annual emission of fly ash continues to rise, causing serious pressure on China's sustainable economic development and ecological environment [1-2]. Therefore, utilizing fly ash from multiple aspects and angles to turn waste into treasure is a necessary means for China to solve the ecological environment pollution caused by thermal power generation. At present, the comprehensive utilization achievements of fly ash have been widely promoted and applied in practical production [3-4]. Fly ash is widely used in concrete, which can not only improve the strength of concrete, but also save cement. However, its hydration rate is slow, and adding it to concrete can lead to low early strength. Researchers grind fly ash to obtain ultrafine fly ash with smaller particle size in order to enhance its activity and other properties. Compared to fly ash, ultrafine fly ash has a finer particle size and more spherical shapes than undisturbed fly ash particles. It reduces water demand, increases density and activity, and can better fill cement voids, improve the compactness inside concrete, and improve the interface structure of the material. In addition, research has found that ultrafine fly ash has certain water reducing properties, which improves the workability of cement and further enhances the comprehensive performance of concrete.

With the acceleration of urban construction in our country, many old buildings have reached their service life. In addition, urban renovation and other projects result in a huge amount of waste concrete being demolished every year, which is increasing year by year. The traditional on-site burial treatment of construction waste has caused a significant waste of land resources and consumes a large amount of construction funds. We need to better manage construction waste by sorting, removing, and crushing it, most of which can be reused as renewable resources. Recycled aggregates can be used to replace natural aggregates in proportion, and then mixed with cementitious materials, admixtures, water, etc. to produce recycled concrete [5-7]. Recycled concrete can not only achieve multiple environmental protection and recycling of construction waste, but also alleviate the exploitation and destruction of non renewable resources, which is in line with China's concept of sustainable scientific development.

Faced with the increasingly scarce social resources, especially non renewable resources, people from all walks of life strongly demand resource conservation, rational utilization of resources, and continuous research and discovery of new resources to replace them. "Turning waste into treasure" is an important measure we take in a series of effective measures. In the 1990s, Academician Wu Zhongwei first proposed the concept of green concrete in China, which also opened up a new path for us to adopt "turning waste into treasure". Transforming waste materials such as concrete and fly ash into treasures, replacing natural aggregates and cement to produce fly ash recycled concrete, this new type of green concrete has emerged. At present, most research focuses on the influence of ultrafine fly ash on the mechanical properties of concrete, and there is relatively little research on the application of ultrafine fly ash in recycled concrete. Therefore, further research is needed on the mechanical properties and durability of recycled concrete with ultrafine fly ash.

2. Performance Comparison

2.1 Performance of fly ash concrete

Fly ash is a fine powder collected from boiler flue gas, with smooth particle surfaces and mostly spherical shapes. Fly ash, as a cementitious auxiliary material in ordinary concrete, replaces some cement and belongs to the utilization of solid waste resources. It can reduce the amount of cementitious materials used, decrease the hydration heat release phenomenon of cementitious materials, optimize their workability and workability, enhance later strength, improve the internal structure of concrete, and enhance durability; In addition, fly ash has morphological effects, micro aggregate effects, and activity effects. With the development of fly ash resources and the gradual commercialization of concrete, researchers have begun to focus on the development and research of new technologies for fly ash concrete, emphasizing the study of adding fly ash to concrete to test its performance, thereby accelerating the development of fly ash application science and technology.

With the continuous publication of research results on the engineering durability of poured fly ash concrete structures by researchers in the UK, US, Canada, Japan, and other countries, as well as studies on the on-site performance of some fly ash concrete engineering structures after ten years of use, it has been shown that fly ash concrete exhibits better long-term stability on site than ordinary concrete [9]. Later, the application of fly ash concrete technology expanded to include reinforced concrete and other engineering applications. The application of fly ash concrete technology in construction projects has been further developed, and fly ash has gradually become a basic component of concrete. Many scholars at home and abroad have studied the dosage of fly ash for its application in concrete.

Liu Yukun et al. [10] conducted experiments to determine the effect of different fly ash contents on the strength of concrete. The results showed that as the fly ash content increased, the compressive strength of concrete decreased. However, after 28 days, the later strength development of the fly ash group was faster. Li Qingfu et al. [11] found that using fly ash as a part of cementitious material in concrete can improve the flowability of fresh concrete to a certain extent. In addition, compared with silica fume based concrete, the strength of fly ash concrete is mainly improved in the later stage of curing, and it has better "potential strength". The research results of Qiu Ruifang [12] show that within the dosage range of 20% to 40%, the dosage of fly ash improves the performance of cement concrete, while when the dosage is too high, the performance of concrete decreases. Research by Song Shaomin et al. [13] has shown that when fly ash is added to cement concrete, the water cement ratio has a significant impact on the carbonation resistance of the concrete. A low water cement ratio can effectively stimulate the carbonation resistance of high content fly ash concrete. Sisomphon et al. [14] found that the carbonation depth of concrete mixed with the same fly ash after 28 days of curing is only half of that after 7 days. Jia Yantao [15] found through mercury intrusion porosimetry that increasing the amount of hardened fly ash cement slurry would first reduce and then increase the pores of the slurry.

2.2 Performance of fly ash recycled concrete

In recent years, with the problems caused by resource waste and environmental pollution, China has had to take some measures to reduce the impact of the problems, and "recycling, energy conservation and emission reduction" have become the methods to solve the problems in China. And at the end of the 20th century, the comprehensive utilization of construction waste was recorded in the key promotion project of scientific and technological achievements, which marked the government's initiation of research on the reuse of waste concrete. Researchers have conducted some preliminary investigations on the utilization of waste concrete and fly ash, and have obtained considerable research results.

Tong Xiaofang et al. conducted a preliminary performance investigation on concrete based on the influence of different fly ash and recycled aggregate substitution rates, and analyzed its mechanism. Experiments have shown that an appropriate amount of fly ash can promote its own strength increase and improve its mechanical properties to a certain extent, manifested as a significant increase in its later strength. They believe that improving the quality of recycled aggregates can reduce damage and alter their own performance. Reducing the amount of recycled aggregate significantly increases the slump and naturally leads to a slight increase in strength. Qiao Shengguo et al. explored the effects of different dosages of recycled aggregates and fly ash on the compressive strength of concrete through experiments at various ages. Among them, the experimental fly ash was used to replace cement in equal amounts of 15%, 25%, and 35%, and the replacement rate of recycled aggregate was 15%, 30%, and 45%. Under a fixed water cement ratio of 0.45, the influence of each material dosage on the mechanical properties of concrete was analyzed, and the trend of its strength with different material dosages was obtained. At 28 days, the strength of recycled concrete with a 30% replacement rate of recycled aggregate reached its peak. At the same time, the increase in the addition of fly ash leads to a trend of first increasing and then decreasing strength. Liu Ting [18] conducted a preliminary performance investigation on the influence of different fly ash and recycled aggregate substitution rates on concrete. Experiments have shown that fly ash can promote the increase of concrete strength in the later stage, and the compressive strength reaches its maximum when its substitution rate is 10%.

Shi cong Kou et al. conducted a study on the acid salt corrosion resistance, permeability resistance, and carbonation resistance of recycled concrete mixed with fly ash as a substitute for cement. The results showed that the addition of fly ash improved the resistance to sulfate corrosion and permeability; The carbonation resistance of recycled concrete decreases with the increase of fly ash content. Ma Xiaonan [20] found a similar pattern through experiments on adding fly ash to recycled concrete. When the fly ash substitution rate is 10%, the compressive strength of the concrete is the highest. Zhou Shikang et al. [21] conducted an orthogonal experiment on adding fly ash, slag powder, and steel fibers to concrete, and the results showed that the optimal combination was when the fly ash content was 10% and the other two contents were 20% and 40 kg/m3, respectively. Li Qianqian [22] conducted a study on the structural interface of fly ash recycled concrete under different erosion conditions. Through scanning electron microscopy (SEM), it was found that the addition of fly ash can effectively improve the resistance to sulfate attack and chloride ion penetration at the micro level. However, it was observed that the carbonation resistance of concrete decreases with the addition of fly ash.

2.3 Performance of ultrafine fly ash concrete

Ultra fine fly ash is made by grinding ordinary fly ash, with an average particle size of less than 10 μ m or a specific surface area greater than 600 m2/kg. After grinding, it can release smaller particles wrapped inside the original fly ash particles, which fill the concrete matrix and further strengthen the hydration stress of fly ash in concrete. It also produces fibrous microcrystals, which play a role in toughening microfibers.

With the development of the times, China has established standards for the quality of fly ash, and has subsequently developed ultra-fine fly ash through grinding. Based on the basic theory of the "three major effects of fly ash" in the research and preparation process, basic application research was carried out. On this basis, a new technology for ultrafine fly ash concrete was developed, and a feasibility report for the development of ultrafine fly ash products was proposed. Ultra fine fly ash belongs to one of the resources of active fine fly minerals. After a large amount of long-term research, it has been shown that the fineness of fly ash has a great impact on its quality. When its fineness is different, the effect on the hydration products of its silicates will also be different. The finer the fineness of fly ash, the higher its activity will be.

Sun Yao [24] believes that the strength of concrete at any age is higher with the addition of 10% ultrafine fly ash than with other dosages. Wang Rui [25] studied the influence of ultrafine fly ash on the compressive strength of concrete at 60 and 90 days of age, and found that the addition of 30% ultrafine fly ash resulted in the greatest increase in strength. Yao Weijing [26] found that the optimal dosage of ultrafine fly ash in high-strength concrete was 20%, and its mechanical properties increased the most significantly. Cao Runzhuo [27] compared the flowability and compressive strength of ultra-high performance concrete by replacing quantitative ordinary fly ash with ultrafine fly ash. He believed that as the dosage of ultrafine fly ash increased, the flowability also increased. Weerachart Tangchirapat et al. [28] added 35-50% ultrafine fly ash to recycled concrete to improve its performance. Experiments have shown that adding high fineness fly ash to recycled concrete can delay the slump loss of concrete by 15-30 minutes and effectively improve its compressive strength. Its elastic modulus is about 5.9% lower than that of ordinary concrete.

Shu Lang [29] mixed three types of low-grade ground fly ash with different fineness levels into concrete at a ratio of 50%, and investigated the flowability and mechanical properties of the concrete. It was found that the finer the fly ash, the better the mechanical properties and activity of the concrete. However, fly ash with too small particle size would reduce the flowability of the concrete. Jaturapinakku et al. found that when the dosage of finely ground fly ash is 15%~50%, the various properties of the concrete are significantly improved. When the dosage is 25%, the mechanical properties of the prepared concrete are optimal. Faiz Shaikh [31] has shown through experiments that the addition of ultra-fine fly ash can increase the compressive strength of concrete with 25% and 50% recycled coarse aggregate content at all ages; Replacing cement with 10% ultrafine fly ash can improve the mechanical and durability properties of concrete.

3. Conclusion

(1) Faced with the increasingly scarce social resources, especially non renewable resources, people from all walks of life strongly demand resource conservation, rational utilization of resources, and continuous research and discovery of new resources to replace them. "Turning waste into treasure" is an important measure we take in a series of effective measures. In the 1990s, Academician Wu Zhongwei first proposed the concept of green concrete in China, which also opened up a new path for us to adopt " Turn trash into treasure ".
(2) Replacing natural aggregates and cement with equal amounts of waste concrete and fly ash to produce fly ash recycled concrete, this new type of green concrete has emerged. In order to enhance the activity and other properties of fly ash, it is ground to obtain ultrafine fly ash with smaller particle size. Compared with fly ash, ultrafine fly ash has a lower water demand, increased density, and higher activity, which can better fill the cement voids, improve the compactness inside the concrete, and improve the interface structure of the material.
(3) At present, most research focuses on the influence of ultrafine fly ash on the mechanical properties of concrete, and there is relatively little research on the application of ultrafine fly ash in recycled concrete. Therefore, further research is needed on the mechanical properties and durability of recycled concrete with ultrafine fly ash.
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