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A new type of trackless emulsified asphalt (TEA) tack coat with a gradient distribution of polyurethane (PU) was prepared via self-migration technology to solve the problems of tracking and poor bonding in common tack coats. The PU distribution in the vertical section of tack coat was characterized by electron microscopy, Fourier transform infrared spectroscopy (FTIR), and contact angle tests. The basic performance of TEA, such as penetration, ductility, softening point, rheological properties, and storage stability, was studied. The pavement performance of TEA tack coat was evaluated by track-free time, tracking resistance, and shearing resistance tests. The results indicate that the gradient distribution of PU (PU content increasing from bottom to apparent) was formed in tack coat. Based on tests on tracking resistance, non-tracking time, and storage stability, an optimal dosage of 3% polyurethane latex modifier was determined. For TEA-3 (with 3% polyurethane latex modifier), the non-tracking time at 35°C was decreased to under 30 min. This substantial reduction significantly enhanced its construction efficiency. Mechanical performance evaluations of TEA-3 demonstrated exceptional temperature resistance, maintaining shear strength exceeding 1 MPa at 60°C while remaining track-free at 70°C. The uniform dispersion of PU within the TEA tack coat matrix contributed to substantial improvements in both track-free characteristics and interfacial shear resistance, even at minimal PU modification levels. The material combines excellent road performance and environmentally friendly preparation process, providing a promising technical solution for the application of tack coat in the field of road engineering.
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1 INTRODUCTION
Asphalt pavement is a multilayer composite system; its life expectancy can be significantly affected by interlayer bonding (Wang et al., 2017; Zhang, 2017; Hou et al., 2018; Fu et al., 2021). The selection of a suitable tack coat is of utmost importance because it determines the bonding quality of the overlying layer (Al-Qadi et al., 2008; Mohammad et al., 2012). Poor bonding weakens structural strength and results in issues such as cracking, slippage, swelling, and debonding at the asphalt pavement interface that lead to a dramatic deterioration in pavement performance (Hu et al., 2025; Peng et al., 2024). Despite the proper application of tack coats on the existing pavement, a significant issue with conventional tack coats is their propensity to adhere to the tires of construction vehicles. Moreover, the depletion of tack coat in the wheel path not only diminishes the coat’s effectiveness and has the potential to impact interlayer bonding but may also lead to contamination at the construction site (Hou et al., 2018; Seo et al., 2017). Hence, it is extremely important to develop new high-performance trackless tack coat materials to overcome tracking and poor bonding for prolonging road service life.
According to the preparation method, trackless tack coat materials can be divided into emulsified and hot asphalt. Trackless emulsified asphalt (TEA) is more widely used because it is environmentally friendly, saves energy, and sprays conveniently. Yang et al. (2017) achieved the emulsification of 30# hard asphalt by optimizing both the emulsifier type and its dosage. The resultant emulsified asphalt had an average particle size of 2.97 μm and a softening point of 60.8°C. Compared to typical emulsified asphalt, this new product exhibited an increase of 10.6°C in the softening point. Additionally, at 25°C, its track-free time did not exceed 20 min (Yang et al., 2017). Guo et al. (2021) prepared TEA by optimizing the type of emulsifier and then adding a reinforcing agent and elastomer modifier. The softening point of this TEA residue was 94°C as modifier ratio 16%. Fu et al. (2021) developed a special tack coat by adding waterborne epoxy resin (WER). The high temperature heat resistance and adhesion capacity with aggregates of the tack coat was improved by WER. Fu et al. (2021) concluded that WER content should be 20% if it is tightly combined with emulsified asphalt. Li et al. (2019) formulated a trackless asphalt tack coat material with a non-marking time of the non-tracking adhesive coating of less than 1 min at 25°C and seamless at 60°C. Hard asphalt and polymer modifier are beneficial in improving the trackless performance and shear strength of tack coat.
In asphalt pavement construction, the road surface temperature usually reaches 60°C and even 70°C when the pavement is exposed to direct sunlight in summer (Shi et al., 2019). To determine problems of poor adhesion and tracking of tack coat at high temperature, a high dosage of hard asphalt and polymer modifiers (more expensive than asphalt) need to be added to the tack coat material. However, hard asphalt with high dosage entails difficulties in the preparation and spraying of tack coat materials, and excessive hard asphalt may cause the tack coat to embrittle at low temperature (Gingras et al., 2005; Sheng et al., 2018). Moreover, more than 15% polymer modifier is generally needed to achieve a significant improvement in trackless performance at high temperature (60°C) (Fu et al., 2021; Guo et al., 2021; Li et al., 2019). However, the high cost of the material severely limits its practical engineering application.
To determine the tracking and poor bonding of tack coat (exceed 60°C) at low cost, we propose a new PU latex modifier based on the concept of gradient materials (Beaugendre et al., 2017; Baghdachi et al., 2015; Hu et al., 2010). Expensive modifier may spontaneously migrate to the apparent emulsified asphalt tack coat during the curing. The hypothetical tack coat is shown in Figure 1. Due to the enrichment of the PU modifier on apparent tack coat, trackless performance and shear strength of tack coat may be significantly improved with a small dose of the PU latex modifier. TEA tack coat where PU is distributed in a gradient manner may become an important cost-effective solution to the problems of poor tracking and bonding, especially above 60°C.
[image: ]FIGURE 1 | The hypothetical diagram of TEA tack coat. (a) TEA without PU lates modifier (b) TEA with PU lates modifier.In this study, a new type of TEA tack coat with a gradient distribution of PU was prepared for improving trackless performance and shear strength. The gradient distribution of PU in TEA tack coat was revealed by electron microscopy, FTIR, and contact angle tests. The basic performance of TEA was analyzed, including penetration, ductility, softening point, rheological properties, and storage stability. The composition ratio of TEA with PU latex modifier was optimized by storage stability, track-free time, and tracking resistance tests. We evaluated the road performance of track-free time, trackless performance, and shear strength characteristics. Moreover, we discuss the formation process of TEA tack coat with PU and its tracking behavior in detail. This study holds great significance as it presents a novel approach to enhancing the trackless performance and shear strength of TEA tack coat at a low cost. Because PU has better thermal stability and the polyurethane modifier is enriched on the surface of the adhesive layer, the participation of a small amount of polyurethane can significantly improve the tack coat non-stick wheel effect and shear resistance. The results of this research can improve the quality of asphalt pavement interlayer bonding and play a positive role in improving the life extension and durability of asphalt pavement.
2 MATERIALS AND METHODS
2.1 Materials
The raw materials for the preparation of TEA tack coat with PU are 50# matrix asphalt, quick-cracking emulsifier, SBR latex, rutting resistance asphalt master batch, and waterborne PU latex modifier. The raw materials’ basic properties are shown in Table 1.
TABLE 1 | Basic properties of main raw materials.	No.	Materials	Basic properties	Unit	Value	Source
	1	50# matrix asphalt	Penetration (25°C)	0.1 mm	56.3	China Petrochemical Corporation, China
	Ductility (15°C)	cm	≥100
	Softening point	°C	50.4
	2	Anti-rut asphalt master batch	Penetration (25°C)	0.1 mm	<5	Sinopec Luoyang Corporation, China
	Softening point	°C	105.2
	3	PU latex modifier	Solid content	%	40 ± 2	Yizhen New Material Technology Co., Ltd, China
	Elongation at break	%	≥700
	Tensile strength	MPa	≥15
	4	Emulsifier	Demulsification speed	—	Quick	Ingevity Investment Co., Ltd, America
	Charge	—	Cation
	5	SBR latex	Model	—	1,469	Ingevity Investment Co., Ltd, America


2.2 Sample preparation
The preparation process included the preparation of TEA and TEA tack coat with PU. The asphalt content of TEA was 50%, and the dosage of the emulsifier was 0.8%. The specific steps in the preparation process are presented as follows.
First, to prepare TEA, a predetermined quantity of 50# matrix asphalt was heated to 160°C. The anti-rutting master batch was then introduced into the heated asphalt, and the resulting mixture was blended at 160°C. This blending process continued until the anti-rutting master batch was evenly distributed throughout the asphalt. The calculated amount of soap solution and mixed bitumen were mixed homogeneously and poured slowly into a colloid mill (4,000 rpm), and then the resulting emulsified bitumen was circulated in the colloid mill for 2–3 min to produce the TEA.
Second, the preparation of TEA tack coat with PU. We mixed triethanolamine and polyurethane latex modifier by stirring at 1,000 rpm until the PU latex modifier was evenly dispersed in the TEA. A TEA tack coat with PU was obtained after the curing process (Figure 2). The sample information of emulsified asphalt (tack coat) in the study is shown in Table 2.
[image: ]FIGURE 2 | Manufacturing procedure for TEA tack coating incorporating PU.TABLE 2 | Sample information of emulsified asphalt (tack coat).	Emulsified asphalt	Tack coat type	Addition dosage of PU latex modifier
	PC-3	Common	0%
	TEA-0	Trackless	0%
	TEA-1	Trackless	1%
	TEA-2	Trackless	2%
	TEA-3	Trackless	3%
	TEA-4	Trackless	4%


2.3 Characterizations
The test scheme of TEA (tack coat) with PU is shown in Figure 3. The gradient distribution of PU in TEA tack coat was analyzed by electron microscopy, FTIR, and contact angle tests. The penetration, ductility, softening point, DSR, and storage stability tests were performed to evaluate the basic performance. Track-free time, tracking resistance, and shearing resistance tests were used to characterize road performance. Storage stability, track-free time, and tracking resistance tests were also used to determine the optimal composition ratio of TEA with PU latex modifier.
[image: ]FIGURE 3 | Scheme of performance test.2.3.1 Electron microscope analysis
In order to better observe the vertical section morphology of TEA tack coat, the TEA was poured into a 20 mm × 15 mm × 15 mm cuboid container (depth 10 mm). The container together with the TEA was placed in a 35°C oven until the weight stopped changing. The vertical section morphology of the tack coats was observed by PH100-DB500U (Phenix, China).
2.3.2 FTIR analysis
Nicolet 6700 (Thermo Fisher, America) was used to obtain the chemical composition of tack coat apparent. The wavenumber ranged from 400 cm-1 to 4,000 cm-1.
2.3.3 Contact angle test
The contact angle was tested by a contact angle analyzer (JCY series, Fang Rui instrument, China). The tests results were used to analyze the hydrophilicity properties of the tack coat apparent.
2.3.4 Basic performance test
Tests for penetration, softening point, ductility, and storage stability were conducted by the following respective standard methods: JTG E20 T0604, JTG E20 T0606, JTG E20 T0605, and JTG E20 T0655 (Standard Test Methods of Bitumen and Bituminous Mixtures for Highway Engineering the Ministry of Transport of the People’s Republic of China). To measure the complex modulus (|G*|) and phase angle (δ) of the emulsified asphalt residue, the CVOR-ADS (Malvern, UK) was used, with a frequency varying from 1 to 100 rad/s. A parallel plate with an 8 mm (diameter) and a 1-mm gap was applied in the testing procedure.
2.3.5 Track-free time test
The time required to reach a trackless condition with the minimum curing period is defined as the “track-free time”. Taking reference from the no-pick-up time test of traffic paint as per JT/T 280 (Pavement Marking Paint the Ministry of Transportof the People’s Republic of China), a modified no-pick-up time test was applied to the test. The steel compactor was 35 kg, and the amount of TEA sprayed was 0.5 kg/m2.
2.3.6 Tracking resistance test
What most distinctly sets TEA apart from typical tack coat is its trackless performance. This characteristic represents the most significant feature of TEA, differentiating it from common tack coats. The test temperature of trackless performance in this study was 70°C (PC-3 at 40°C) (Shi et al., 2019; Li et al., 2025). The indenter was pressed on the tack coat, keeping the displacement unchanged for 5s after the pressure reached 0.8 MPa. Then the indenter was pulled away from the tack coat (10 mm/min). The tack coat damage rate (S) and tensile strength were used to evaluate the trackless performance of the tack coat. S is calculated using Equation 1.
S=A1/A0×100%,(1)
where S is the tack coat damage rate (%), A1 is the adhesive asphalt area of the indenter (mm2), and A0 is the contact area of the indenter with the specimen (mm2).
2.3.7 Shearing resistance test
Shear strength was gauged using a universal testing machine (WHY - 500, sourced from Shanghai Hualong Instrument Equipment in China). The test temperatures were set at 20°C, 40°C, and 60°C. The loading rate was maintained at 10 mm/min, and the quantity of TEA sprayed was 0.8 kg/m2.
3 RESULT AND DISCUSSION
3.1 Gradient distribution pattern of PU within TEA tack coat
3.1.1 Morphological characteristics of the vertical section morphology of the tack coat
The vertical section images of the special tack coats are shown in Figure 4. As shown in Figure 4a, the TEA tack coat with PU (TEA-3) was divided into upper (brown) and bottom layers (black) on the vertical section, with a transition area between the two layers. Figures 4b and c show the vertical section of tack coat as a homogeneous layer. The uniform TEA-3 was transformed into a “double-layer” tack coat, but TEA-0 and PC-3 (without the PU latex modifier) were transformed into a homogeneous asphalt tack coat during curing. The formation of the “double-layer” structure may be due to the PU spontaneously migrating to the surface of the TEA-3 tack coat during the curing, forming a gradient distribution of PU in the tack coat. Moreover, the spraying quantity of TEA-3 in the electron microscope samples was 12.5 times (depth 10 mm) the common spraying amount (depth 0.8 mm), which made the self-migration effect of the TEA with PU modifier more obvious. The PU modifier may also migrate to form a gradient distribution at the common spraying amount, but the “double-layer” structure is difficult to clearly observe.
[image: ]FIGURE 4 | Images depicting vertical sectional view of tack coat: (a) TEA-3; (b) TEA-0; (c) PC-3.3.1.2 Chemical composition of tack coat
The FTIR spectra of tack coat are shown in Figure 5. Figures 5a–d are the FTIR spectra of the PC-3, TEA-0, and TEA-3 tack coats (upper apparent and bottom apparent), respectively. From Figures 5c, d, the TEA-3 tack coat appears at the carbamate group v (C=O) stretching vibration peak and carbamate group δ(N-H) bending vibration peak at 1,730 cm-1 and 1,560 cm-1, respectively (Zhang et al., 2021). From Figures 5a, b, both vibration peaks do not obviously appear in the PC-3 and TEA-0 tack coat. The v (C=O) of the carbamate group is derived from the reaction of isocyanates with hydroxyls. The corresponding chemical reaction equation is presented as follows (Akindoyo et al., 2016):
[image: FX 1]
[image: ]FIGURE 5 | FTIR spectra of tack coat.Figures 5c, d show an obvious absorption peak at 1,120 cm-1, which is assigned to ether group (-O-) (Cui et al., 2021; Dai et al., 2020). The ether group (-O-) absorption peak is due to the use of polyether polyols in the synthesis of PU latex modifiers. The intensity of the ether group absorption peaks increased with the of PU latex modifier content increasing. Compared with Figure 5c, the absorption peak intensity of infrared spectrum in Figure 5d at 1,120 cm-1 and 1730 cm-1 is obviously weakened. In addition, no obvious absorption peak was found at approximately 1,120 cm-1 and 1730 cm-1 in Figures 5a and b. The FTIR test results indicate that the upper surface of the TEA-3 tack coat had much more PU modifier than the bottom surface. This may be due to the PU modifier spontaneously migrating to the surface of the tack coat during the curing and being concentrated in the apparent.
3.1.3 Contact angle of tack coat
The contact angle test results of the tack coat apparent are shown in Figure 6. Here, the contact angle of the PU latex modifier coating (30.7°) is smaller than that of the PC-3 (110.3°) and TEA-0 (114.3°) tack coats. This indicates that the PU modifier material has better hydrophilic properties than asphalt material (Ji et al., 2021; Fihri et al., 2017). Compared with the contact angle between the upper apparent and the bottom apparent of the TEA-3 tack coat, the contact angle of the upper apparent (68.8°) is smaller than that of the bottom apparent (98.4°). The hydrophilicity of the upper apparent is better than that of the bottom apparent, and the hydrophilicity of the upper apparent has obviously improved. The test result indicates that PU modifier (great hydrophilicity) was enriched on the upper apparent of the tack coat (TEA-3). This outcome can potentially be attributed to the fact that the hydrophilic PU modifier spontaneously migrates to the upper apparent of the tack coat during the curing process.
[image: ]FIGURE 6 | Contact angle of tack coat: (a) PC-3; (b) TEA-0; (c) apparent of PU coating; (d) upper apparent of TEA-3; (e) bottom apparent of TEA-3.3.1.4 Forming process of TEA tack coat with PU
The forming process of TEA tack coat with PU was proposed according to the electron microscope test result, FTIR, contact angle on the TEA tack coat, and the research results of the polymer emulsion film-forming process (Winnik, 1997; Voogt et al., 2019).
There are two prerequisites for self-migration to form a gradient distribution of PU in the tack coat. First, the multi-components of the polymer have difference apparent tensions. Second, each component must exist stably in the blended system, its separation and migration can only occur during drying and curing, and the migration process is gradual (Huang et al., 2024). As shown in Figure 7, during the first stage with the water evaporation of TEA with PU latex modifier, the concentration of particles increased, and the particles got closer to each other. In the second stage, as the water continued to evaporate, the particles deformed due to the capillary pressure formed by the voids, and the particles began to fuse. The granules underwent a gradual transformation, starting from a spherical shape and evolving into a rhombic dodecahedron. This process continued until the interfaces separating the granules vanished. In the third stage, with the further evaporation of water, TEA with PU modifier underwent phase separation due to the apparent tension difference. The PU modifier gradually migrated to the upper apparent of the tack coat (Hu et al., 2010; Langer et al., 2014). During this phase, a progressive change in PU distribution spontaneously emerged within the TEA tack coat.
[image: ]FIGURE 7 | Formation process of TEA tack coat with PU.3.2 Basic performance of TEA
3.2.1 Penetration, softening point, and ductility (15°C)
The experimental outcomes are presented in Figure 8. From Figure 8a, the penetration gradually decreases with the addition of polyurethane latex modifiers. The penetration of TEA residue with PU (20∼30 dmm) is smaller than that of common emulsified asphalt residue (40∼70 dmm). This result suggests that the PU latex modifier increased the cohesion of the TEA residue. It may be a factor that PU modifier can improve the trackless performance and shear strength.
[image: ]FIGURE 8 | Penetration, softening point, and ductility of the TEA residue. (a) Permeability, softening point of triethanolamine residues under different polyurethane latex modifiers. (b) Ductility of triethanolamine residues under different polyurethane latex modifiers.The softening point serves as a means to depict the high-temperature stability of the residue of emulsified asphalt (Chen et al., 2014). From Figure 8a, the softening point increases slowly as the content of the PU latex modifier increases. Compared with common emulsified asphalt residue (40∼55°C), the softening point of TEA residue with PU (65∼75°C) is much higher. The appropriate increase of the softening point is beneficial for improving the trackless performance and interlayer bonding of TEA tack coat.
Asphalt ductility has a strongly positive correlation with low-temperature flexibility (Wu, 2018). As can be seen from Figure 8b, with the rise in the amount of the PU latex modifier, the ductility of the TEA residue shows a progressive increase. The low-temperature flexibility of the TEA residue gradually improved with the addition of PU latex modifier. However, it should be noted that the emulsified asphalt residue must be stirred and heated to 163°C in the process of penetration, softening point, and ductility sample preparation. The gradient structure of PU in the TEA tack coat was destroyed. The PU latex modifier was only a common asphalt modifier dispersed in the emulsified asphalt tack coat.
3.2.2 Storage stability
The storage stability of emulsified asphalt is a time-dependent persistent dispersion index which represents the stability and settlement of emulsified asphalt in a period of time (Qiao et al., 2025). As shown in Figure 9, the storage stability of TEA decreases slightly with increasing PU latex modifier addition dosage. The storage stability of TEA with PU latex modifier in 1 day was not greater than 1%, and in 5 days was not greater than 5%. The results show that emulsified asphalt with PU latex modifier has favorable storage stability and meets the requirements of JTG F40.
[image: ]FIGURE 9 | Storage stability of TEA.3.2.3 DSR test S
As presented in Figure 10a, there is a direct correlation between the frequency and the complex modulus (|G*|) of the TEA - 3 tack coat at various temperatures. This indicates that tack coat materials possessing a highly complex modulus exhibit greater viscosity; conversely, those with a low complex modulus have lower viscosity. In Figure 10b, the phase angle (δ) of the TEA-3 tack coat increases with increasing temperature, indicating that the elastic recovery ability of the tack coat is reduced. Figure 10c suggests that the complex modulus (|G*|) and the slope of the TEA-3 tack coat curve are greater than those of the TEA-0 and PC-3 tack coats at 52°C. The higher viscosity of the TEA-3 tack coat implies much stronger adhesive and cohesive forces. TEA-3 tack coat may thus have strong adhesion force between layers of asphalt pavement. As shown in Figure 10d, the phase angle (δ) of TEA-3 tack coat is smaller than that of TEA-0 and PC-3 tack coat, suggesting that the former is more viscous than the later and the adhesive force is stronger. The results indicate that TEA-3 tack coat may have better interlayer bonding and shear strength than TEA-0 and PC-3 tack coats.
[image: ]FIGURE 10 | Rheological properties of TEA tack coat. (a) Effect of temperature on complex modulus (|G*|) of TEA-3 tack coat; (b) effect of temperature on phase angle (δ) of TEA-3 tack coat; (c) complex modulus (|G*|) for tack coat at 52°C; (d) phase angle (δ) for tack coat at 52°C.3.3 Road performance and tracking behavior
3.3.1 Track-free time analysis
From Figure 11, the area of asphalt adhered on A4 white paper (asphalt adhesion rate) was analyzed by image analysis software (Image-Pro Plus), with the area gradually decreasing with the extension of curing time. The A4 white paper was completely covered with asphalt after track-free time testing at 5-min curing. After 25 min of curing, the TEA-3 tack coat demonstrated an asphalt adhesion rate of 3.8%, exhibiting minimal asphalt residue on the white paper. Comparatively, the TEA-0 and PC-3 tack coats showed significantly higher adhesion rates of 18.2% and 97.8%, respectively. Experimental data revealed that the incorporation of PU latex modifier effectively reduces the track-free time of TEA. Notably, TEA-3 exhibited a track-free time less than 30 min at 35°C, thus substantially decreasing the required curing duration in construction applications.
[image: ]FIGURE 11 | Track-free time of emulsified asphalt.3.3.2 Tracking resistance test
As shown in Figure 12, the area of asphalt adhered on indenter (rubber) was analyzed by image analysis software (Image-Pro Plus), and the tack coat damage rate gradually decreased with increased PU latex modifier dosage. When heated to 70°C, TEA-3 tack coat exhibited a damage rate of only 1.9%, demonstrating a substantial 97.3% decrease relative to the TEA-0 formulation. The results indicate that the PU latex modifier significantly improved the trackless characteristics of tack coat under elevated temperatures. Furthermore, when the PU latex modifier concentration attained 3%, the damage rate of the coating material reached a plateau. Both TEA-3 and TEA-4 formulations maintained their structural integrity throughout the testing procedure, confirming their superior trackless performance at high-temperature conditions. As shown in Figure 12, the tensile strength of TEA tack coat rapidly decreases with increased PU latex modifier. The tensile strength of TEA-3 tack coat was 37.5 kPa, which was 59.6% lower than that of TEA-0. The results show that the adhesion force between indenter (rubber) and tack coat is reduced by adding PU latex modifier. The results may be due to PU modifier having high cohesion and thermal stability, and PU modifier spontaneously migrating to the tack coat upper apparent. Consequently, the adhesive force between the indenter (rubber) and the tack coat decreased, leading to an improvement in the tack coat’s trackless performance. Based on systematic assessment of three critical performance indicators tracking resistance, track-free period, and storage stability, the investigation concluded that a 3% PU latex modifier content yielded optimal results.
[image: ]FIGURE 12 | Trackless performance of tack coat.3.3.3 Shearing resistance test
Shear resistance testing was employed to evaluate the interlayer bonding strength of tack coat, with the results shown in Figure 13. As depicted in Figure 13a, within a temperature range of 20°C–60°C, TEA-3 tack coat demonstrated comparable shear strength to TEA-0 while exhibiting superior performance relative to PC-3. At an elevated temperature of 60°C, TEA-3 maintained a shear strength of 1.05 MPa, slightly higher than the 1.01 MPa recorded for TEA-0. Moreover, at 40°C, the shear strength of TEA-3 tack coat rose to 1.6 MPa. The test results show that the TEA tack coat with PU has great shear strength under high temperature. As shown in Figure 13b, the interface of TEA-3 and TEA-0 tack coats after shear failure was irregular, and the asphalt mixture near the tack coat was severely damaged at 40°C. The PC-3 tack coat interface after shear failure was smooth, and the asphalt mixture was basically undamaged. These findings suggest that the TEA tack coat containing PU exhibits substantial shear strength. Compared to TEA-0, the PU latex modifier can marginally enhance shear strength without exerting any adverse impact on the shear strength of TEA tack coat.
[image: ]FIGURE 13 | Shear strength and interface shear failure of specimens. (a) Shear strength; (b) interface shear failure of specimens.3.3.4 Tracking behavior of tack coat
The effect of construction vehicle tires on tack coat is a complex process which mainly includes the adhesion between tire and tack coat (adhesionⅠ), the cohesion of tack coat (cohesionⅡ), and the adhesive connection between the tack coat and the existing pavement structure (adhesionⅢ). The tack coat is destroyed when adhesionⅠ exceeds cohesionⅡ and/or adhesionⅢ (Seo, 2019; Seo et al., 2016). The tracking behavior of tires on tack coat is shown in Figure 14.
[image: ]FIGURE 14 | Tracking behavior of tires on tack coat. (a) TEA tack coat without PU modifier; (b) TEA bonding coat containing PU additive.As shown in Figure 14a, adhesionⅠ of TEA-0 tack coat increases with increased temperature, while cohesionⅡ and adhesionⅢ decrease. The tack coat is damaged when adhesionⅠ exceeds cohesionⅡ and/or adhesion Ⅲ. From Figure 14b, the PU-modified TEA formulation was applied onto the pre-existing pavement surface by spraying, creating a concentration gradient of PU throughout the tack coat layer. The enhanced thermal properties of the PU modifier, particularly its elevated viscous flow temperature and thermal stability, maintained adhesiveⅠ at reduced levels even under high temperatures of 70°C. Additionally, cohesionⅡ and cohesiveⅢ are greatly improved by using anti-rut asphalt master batch and hard asphalt. AdhesionⅠ of TEA with PU latex modifier is also less than that of cohesionⅡ and adhesionⅢ in high temperature (70°C). Therefore, TEA tack coat with PU still has great trackless performance. Tack coat without the PU latex modifier has a great risk of tracking when asphalt pavements are constructed in summer (especially over 60°C).
4 CONCLUSION
The present research focuses on the development of an innovative TEA adhesive layer by adding PU latex modifier; its gradient distribution, basic performance, and road performance were investigated and discussed in detail. Throughout the curing phase, the PU modifier demonstrated spontaneous surface migration, creating a concentration gradient within the TEA tack coat matrix. Experimental results revealed that the TEA-3 formulation maintained a shear strength exceeding 1.0 MPa at 60°C while exhibiting exceptional trackless characteristics at elevated temperatures up to 70°C. Furthermore, at 35°C, TEA-3 tack coat achieved track-free status within 30 min, significantly enhancing asphalt pavement construction productivity. The comprehensive evaluation of tracking resistance, track-free duration, and storage stability parameters indicated that 3% represents the optimal PU latex modifier concentration. The developed PU-modified TEA tack coat demonstrates substantial potential for highway applications, offering an optimal balance between cost efficiency, superior trackless performance, and enhanced shear strength properties.
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