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Salt-Retaining Asphalt Mixture Technology for Melting Snow and Ice

Abstract: Compared with many active snow melting and de-icing technologies, salt-storing asphalt pavements offer higher engineering application value due to their simple construction and cost-effectiveness. The incorporation of salt-storing materials into asphalt mixtures enhances the active snow and ice melting performance of the pavement but may adversely affect its serviceability. To further improve the comprehensive performance of salt-storing asphalt mixtures, this paper systematically summarizes the research progress on salt-storing materials, the pavement performance of salt-storing asphalt mixtures, and their snow and ice melting performance from three aspects: the development of salt-storing materials, the pavement performance of salt-storing asphalt mixtures, and their snow and ice melting performance. First, the types of salt-storing materials and the research progress of various salt-storing materials with different carriers are classified and introduced. Second, the design of mixtures and the impact of different salt-storing materials on pavement performance are reviewed. Additionally, the evaluation methods for snow and ice melting performance of salt-storing asphalt mixtures and long-term prediction methods for snow and ice melting performance are summarized, and future research directions are outlined.
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1.Introduction
Winter road icing and snow hazards trouble most regions of China. According to traffic accident statistics over the years, after winter begins, the rate of traffic accidents caused by road icing significantly increases, accounting for 2/5 of all accidents in the year[1-8]. After snowfall or rainfall, combined with a sudden drop in temperature, an ice film forms on the pavement surface, causing vehicles to skid, slide, and greatly increasing braking distance[1]. Studies have shown that braking distance on snow-covered pavement is three times that on dry pavement, and on icy pavement it becomes six times longer. These conditions easily lead to loss of vehicle control, rollovers, and rear-end collisions, posing a serious threat to the safety of drivers, passengers, and pedestrians, and causing damage to vehicles and infrastructure while reducing transportation efficiency[2-8]. Therefore, research on road deicing technologies is of urgent importance.
Currently, highway deicing operations in China still rely mainly on two passive methods: mechanical clearing and chemical deicers[2]. However, both traditional methods have clear limitations. Mechanical clearing tends to cause physical damage to the pavement structure, accelerating pavement deterioration and shortening the road’s service life. Chemical deicers can cause soil salinization, water pollution, and other environmental problems, and their procurement, transportation, and application require substantial labor and financial resources, leading to very high maintenance costs[9-11]. To overcome these limitations, researchers worldwide have proposed a series of new active snow-melting technologies based on extensive experimentation, including electrically conductive concrete[12], pavement surface circulation heating systems[13], embedded cable heating[14], solar thermal snow-melting systems[15], and geothermal heating[16]. Although these active methods can actively melt snow and ice, they generally suffer from complex construction processes, high initial costs, or strong dependence on environmental conditions (for example, solar systems are limited by sunshine duration), which restrict their large-scale application.
In contrast, asphalt pavements incorporating salt-storing materials have outstanding advantages of simple construction and cost-effectiveness, and can passively suppress and melt snow and ice without extra energy consumption. This technology has already been implemented in countries frequently affected by snow and ice, such as Japan, Switzerland, Austria, and the United States. Practical data show that it can reduce the accident rate caused by snowy and icy weather by 91.4%, demonstrating significant value in ensuring winter road safety and enhancing transportation system resilience[17].
The snow and ice melting mechanism of salt-storing asphalt pavement is as follows: under snowy and icy conditions, moisture infiltrates the asphalt mixture through pavement voids, causing the salt in the salt-storing material to dissolve; the resulting salt solution then migrates from the pavement interior to the surface under the combined action of concentration gradients, capillary forces, and wheel-load-induced pumping effects[19]. This process lowers the freezing point at the pavement surface, delays moisture freezing, and weakens the adhesion between the ice/snow layer and the pavement substrate, thereby achieving deicing[20]. It should be noted that the dosage of salt-storing material is positively correlated with the deicing effect: higher dosage yields a more significant melting effect, but excessive addition adversely impacts pavement performance (e.g., high-temperature stability, low-temperature crack resistance, moisture stability). In recent years, researchers have conducted extensive experimental and theoretical studies on salt-storing materials’ preparation and optimization, the pavement performance of salt-storing asphalt mixtures, and methods and indicators for evaluating their snow- and ice-melting effect. Based on existing literature and the authors’ own experimental work, this paper systematically reviews these three areas of research. On this basis, it identifies current research gaps and key challenges, and proposes key directions for future study and development, providing a reference for further optimizing and applying salt-storing asphalt pavement technology.
2.Classification of Salt-Storing Materials 
Salt-storing material is the core functional component that gives salt-storing asphalt mixtures their snow- and ice-melting ability. Its preparation principle is to use a specific substance as a carrier and fix the active snow-melting ingredients (salts) inside or on the surface of the carrier through physical encapsulation or chemical composite processes, ultimately forming functional composite materials of various particle sizes. Based on particle size, these materials can be divided into two major categories: aggregate-type and filler-type. Each category has distinct technical characteristics and representative products.
Among these, aggregate-type salt-storing materials have particle sizes that meet the aggregate grading requirements of asphalt mixtures and can directly replace part of the conventional aggregates in the mix. A classic product is Switzerland’s Verglimit-260 (V-260), developed in the 1960s, which consists of particles coated with linseed oil and a core active ingredient of calcium chloride chips. The Chinese counterpart is the Iceguard (IGD) developed by Chang’an University.
Filler-type salt-storing materials have smaller particle sizes (usually fitting the filler grading of asphalt mixtures) and are mainly used as functional fillers to improve mixture properties. A classic product is Japan’s Mafilon (MFL), developed in the late 1970s, which uses porous volcanic rock as a carrier that is coated with chlorides and ground into powder. China has also made breakthroughs in this category, including Chang’an University’s IceBane (ICB) and Harbin Institute of Technology’s ZGHIT series (Zhenggang brand) developed by Tan Yiqiu’s team, which uses a core–shell slow-release membrane design; the latter’s slow-release structure further enhances the longevity of salt release.
According to carrier type, salt-storing materials can be categorized as surface-coated (oil-wrapped), porous carrier, and inorganic cementitious types. For example, V-260 is a surface-coated material, whereas MFL and ICB are porous carrier materials. Surface-coated carriers include linseed oil (as in V-260), various resins, and hydrophobic agents; porous carriers include volcanic rock (MFL), porous zeolites[21], foamed cement stone[22], and shale ceramsite[23], among others. Inorganic cementitious salt-storing materials use binders such as magnesia cement, magnesium oxychloride cement, or geopolymers to solidify salts into particles of various sizes. This also falls under aggregate-grade materials; examples include magnesia cement-based salt-storing aggregate[24], modified oxychloride magnesium cement aggregate[27], and geopolymer-based salt-storing aggregate.
In addition, based on form, salt-storing materials can be of a solid type or a coating type. The materials mentioned above are all solid types. Coating-type salt-storing materials store salts in a liquid (such as emulsified asphalt) and can be directly sprayed onto pavement or used in anti-icing fog seal layers[28-33].
These carriers all share large pore volume, high specific surface area, and strong adsorption capabilities. By comparing the specific surface areas of various carriers, researchers can identify optimal carriers for salt storage. For example, Xia et al.[37] compared molecular sieves, zeolites, and expanded perlite; they found expanded perlite has the largest specific surface area, higher pore connectivity, and the lowest hardness, making it easier to grind. Zhao et al.[42] measured the specific surface area and average pore diameter of fly ash, granulated blast-furnace slag powder, steel slag powder, and porous zeolite. The results showed that fly ash and granulated slag powder have larger surface areas than porous zeolite, and the average pore diameter of granulated slag powder is 1.8 times that of the zeolite powder. Another study by Zhao et al.[39] looked at the chloride adsorption capacities of volcanic rock, fly ash, zeolite, and diatomaceous earth. They found that, after surface hydrophobic modification and 10 minutes of grinding, diatomaceous earth had the best chloride adsorption capacity.
To address the poor long-term slow-release performance of salt-storing materials, three improvement methods have been proposed: 1) Carrier surface modification, including using polymeric hydrophobic modifiers or surfactants; 2) Polymer coatings, for example, applying resin coatings on the material surface; 3) Core–shell microencapsulation, developed via in situ polymerization to create microcapsule-structured salt-storing materials. At the same time, development of salt-storing materials is increasingly focusing on environmental sustainability: (a) adding corrosion inhibitors to reduce corrosiveness[37,38], and (b) using solid waste as raw materials[34,36]. Currently, most salt-storing materials use NaCl and CaCl₂ as the active components, with relatively little development of non-chloride salt materials. Considering the negative impact of chlorides on the environment and infrastructure, as well as issues with recycling salt-storing asphalt mixtures, it is necessary to further develop salt-storing materials based primarily on non-chloride salts.

3.Pavement Performance of Salt-Storing Materials
Numerous studies have examined the effect of adding salt-storing materials on the pavement performance of asphalt mixtures. For example, many researchers have tested the influence of MFL content on high-temperature stability, low-temperature crack resistance, and moisture stability of asphalt mixtures. They found that as the MFL content increases, the overall pavement performance of the asphalt mixture steadily decreases. This is because replacing mineral filler with MFL increases the amount of free asphalt, and the interaction between MFL and asphalt is much weaker than that between mineral filler and asphalt. Additionally, MFL promotes the dissolution of asphalt’s polar chemical groups, reducing the content of polar components and the surface free energy of the asphalt, which lowers the adhesion between the asphalt and aggregate. Bai Yanjun[44] compared different amounts of ICB and MFL on pavement performance. Because ICB is formulated to enhance asphalt–aggregate adhesion, at the same dosage, it causes less performance degradation than MFL. Moreover, ICB contains a special alkaline additive[45], so unlike MFL, adding ICB can actually improve the moisture stability of the asphalt mixture to some extent. The particle size distribution of ICB also matters: increasing the fraction of coarse particles in ICB leads to a higher air void ratio in the mixture. Compared with ordinary mixtures, adding 5% V-260 reduces the moisture stability of the asphalt mixture but increases both high-temperature and low-temperature performance by about 19%–22%. This improvement is attributed to the increased adhesion provided by V-260. Compared to V-260, adding 5% IGD yields an even greater increase in high-temperature stability, while having a smaller negative effect on low-temperature crack resistance.
Cao et al.[46] studied the influence of salt-storing materials on asphalt mastic properties. They found that as the content of salt-storing material increases, the penetration value of the asphalt mastic increases, while softening point, ductility, and viscosity decrease. Dynamic shear rheometer (DSR) and multiple stress creep recovery (MSCR) tests indicated that adding salt-storing material reduces the high-temperature rutting resistance and low-temperature cracking resistance of the asphalt mastic. Xu et al.[47] investigated the adhesion characteristics of asphalt-aggregate systems containing salt-storing materials via contact angle and boiling water tests. Their results show that with more salt-storing material, the contact angle of the asphalt mastic increases, indicating worse wetting behavior. Additionally, the surface free energy of the asphalt mastic slightly decreases and is significantly lower than that of water, making it easier for water molecules to penetrate the asphalt film and diffuse into the asphalt-aggregate interface, thereby weakening the interfacial adhesion. In summary, the mechanism by which salt-storing materials affect pavement performance is generally attributed to the weakening of the asphalt–aggregate bond.
Because of differences in carrier type and preparation method, various new salt-storing materials have different impacts on pavement performance. In most cases, adding new materials still reduces the low-temperature crack resistance and moisture stability of the asphalt mixture, although the mixtures often still meet specification requirements. Examples include: ZFSY, whose interaction with asphalt is similar to that of mineral filler[43]; SSA-Z, whose epoxy coating chemically bonds with asphalt to enhance adhesion and cohesion[36]; AFF, which is coated with a silane-based hydrophobic modifier to improve asphalt adhesion[37]; and salt-storing composite fibers (using lignin fiber and sepiolite fiber carriers), whose adsorption effect thickens the asphalt film on the aggregate surface, increasing the asphalt–aggregate interfacial adhesion while also providing bridging and reinforcement[48]. Compared with V-260, salt-storing additives made from waste polystyrene-coated salt and modified gelatin are more favorable for the mixture’s low-temperature performance and resistance to water damage[34,38]. Compared with MFL, salt-storing composite fibers not only have a slower decay in anti-icing performance, but also exhibit better anti-reflective-crack performance and fatigue resistance[35]. Therefore, by carefully selecting carrier materials that interact strongly with asphalt and applying surface treatments, the negative impact of salt-storing materials on pavement performance can be reduced or even turned into a performance improvement.
4.Snow and Ice Melting Performance of Salt-Storing Asphalt Mixtures
The snow- and ice-melting performance of salt-storing asphalt mixtures has been extensively investigated through laboratory tests and predictive modeling. Since the electrical conductivity of a salt solution exhibits a strong linear relationship with its mass concentration, conductivity tests are commonly used to describe the relationship between salt release and time, and regression models have been developed to incorporate influencing factors. For instance, Zhou et al.[49] predicted the effective deicing period of salt-storing pavements by considering the total soluble salt content, salt release rate, and the local annual number of precipitation days. Xia[51] further proposed a diffusion-based kinetic model to characterize the leaching behavior of salts within the mixture. Zhang et al.[50] quantified the effects of void ratio, temperature, MFL content, traffic loading, and surface cracking on salt release, and established a life-cycle-based model to estimate the service life of salt-storing asphalt pavements in terms of their snow-melting capacity. Collectively, these studies highlight the importance of combining experimental measurements with theoretical modeling to evaluate and predict the long-term deicing performance of salt-storing asphalt mixtures, thereby providing a scientific basis for their design and practical application.
5. Summary and Conclusion
5.1 Research Summary
（1）Classification and Evaluation of Materials: Salt-storing materials can be categorized by particle size into aggregate-type and filler-type; by carrier into surface-coated, porous carrier, and inorganic cementitious types; and by physical form into solid type and coating type. Performance evaluation of these materials mainly involves their physical properties, their interaction with asphalt, and their snow-melting performance. The experimental methods and evaluation metrics for assessing salt-storing materials need further standardization and development.
（2）Carrier Properties and Material Improvements: Salt carriers should have large pore volume, high specific surface area, and strong adsorption. Surface modification of the carrier and the development of core–shell microencapsulated materials are effective approaches to improving long-term slow-release performance. By selecting carriers that interact strongly with asphalt and applying surface treatments, it is possible to reduce, or even improve, the effect of salt materials on the pavement performance of salt-storing asphalt mixtures.
（3）Mixture Design and Additives: Using an equal-volume replacement method in designing salt-storing asphalt mixtures can achieve good pavement performance. Adding salt materials and the leaching of salts will, to some extent, reduce the pavement performance and durability of the asphalt mixture, especially moisture stability. Adding small amounts of fibers, slaked lime, or using high-elastic asphalt can effectively mitigate the negative effects introduced by salt-storing materials.
（4） Performance Evaluation Gaps: There is a lack of standardized experimental methods and metrics for evaluating the snow-melting performance of salt-storing asphalt mixtures. Since the conductivity of the salt solution is linearly related to salt concentration, conductivity tests can determine the relationship between salt release and time. Based on this, mathematical regression models can be built that comprehensively consider all factors influencing salt precipitation.
5.2 Conclusion
（1）Salt-Storing Material Development: Future work should focus on improving long-term slow-release performance, environmental sustainability, low-temperature melting performance, and developing non-chloride-based salt materials. Efforts should include using solid waste, composite fibers, and microencapsulation techniques to create advanced salt carriers.
（2）Pavement Performance Research: Emphasize mechanistic studies of pavement performance, especially the multi-scale (macro–meso–micro) evolution of long-term damage and deterioration in salt-storing mixtures. Combining life-cycle reliability theory and damage statistics could help build predictive models for the pavement performance of salt-storing asphalt.
（3）Deicing Performance Evaluation: Develop quantitative evaluation methods and indicators for snow- and ice-melting performance, improve field monitoring data of deicing effects, and create on-site simulation devices or long-term monitoring systems. Simulating salt transport under multiple physical fields will help establish more accurate predictive models.
（4）Enhancing Long-Term Deicing Performance: (a) Increase the soluble salt content in salt-storing materials. (b) Develop temperature-responsive salt carriers. (c) Prevent ineffective salt loss and mitigate rain-induced salt depletion. It is recommended to combine superhydrophobic surface technology and pavement temperature regulation techniques with salt-storage technology to minimize salt washout and maximize effectiveness.
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