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ABSTRACT 

The performance of bituminous sealants applied to cracks and joints is partly governed by installation. An 

important installation parameter that has yet to be investigated is the sealant rate of cooling after it is 

poured hot.  Cooling rates affect the time during which traffic must be re-routed, sealant microstructure and 

rheology, and the adhesion at the sealant/hot-mix asphalt (HMA) interface.  In an effort to provide data on 

sealant cooling rates, the temperature change in three sealants was measured in the field and in the 

laboratory.  The results indicated that sealant bulk temperatures were  >50°C lower than the sealant 

application temperature, typically 180°C, almost immediately after pouring and that sealants bulk 

temperatures reached 40°C or less within 15 min. This suggests that traffic could be re-routed for less time 

than the standard 30 min.  The instantaneous sealant temperature at the sealant-substrate interface was also 

measured to be below 100°C immediately after the pouring of the sealant.  This emphasizes the need for 

sealants with good wetting propensity to maximize the potential for proper adhesion. 

INTRODUCTION 

Bituminous sealants are used to fill or seal pavement cracks and joints.  Their performance is partly 

governed by installation, but despite state-of-the-art procedures (1, 2), there are still unresolved issues that 

relate to sealant installation.  One of these issues is the cooling rate of the sealant immediately after it is 

poured, typically between 185 and 195°C.  The cooling rate is important for three reasons: 

1) Sealants are most often protected from traffic for about 30 min after installation.  The benefit of 

sealant protection is to reduce or eliminate the early tracking of sealants when it is still in a hot and 

fluid state.  There is no available data on the suitability of the 30 min protection period, however.   

If it is too short, sealant performance may be affected and could be tracked (irreversibly strained) 

by vehicles.  If it is too long, it could be reduced for the benefit of motorists annoyed by the re-

routing of traffic. 

2) Bituminous hot-poured sealants are polymer-modified bitumens that can contain crumb rubber 

(3).  The thermal history of such mixtures has a large effect on their rheological properties (4, 5).  

The true cooling rate of sealants must be known to allow for such rates to be used in the laboratory 

for studies of sealant rheology and performance. 
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3) The cooling rate may influence the adhesion of the sealant to HMA.  When a sealant is hot and its 

viscosity is low, it may penetrate into microcracks and follow the contour of the irregular HMA 

surface to provide a sealant/HMA interface with few voids or defects, thus allowing for a better 

bond (6).  If the viscosity increases rapidly due to a high cooling rate, however, such a bond may 

not fully develop.  In other words, pouring of the sealant on a cold surface during installation in 

winter, late fall, or early spring, may affect adhesion.  Before adhesion can be adequately related 

to sealant viscosity, however, the temperature at the interface after pouring must be determined.   

 

The goal of this paper is to contribute to the three points aforementioned.  For this purpose, the cooling 

rates of three bituminous hot-poured crack sealants were measured in the field and in the laboratory.   

EXPERIMENTAL 

Three sealants N, P and Q, purported to meet the ASTM D6690 (type IV) specification (7), were 

investigated in the field and in the laboratory.  In the field, the sealants were heated and stirred in 1500 L 

kettles as described before (8).  To measure sealant bulk temperatures during cooling, two type-T 

thermocouples (TC) were used.  One TC was affixed to the bottom of the rout, or crack, with 5-min epoxy 

glue.  The tip was kept bare of epoxy and angled up into the bulk.  The other TC was placed about 1 mm 

into the surface of freshly poured sealant.  Data was collected every 20 s for 45 min.   

 
In a similar manner, sealant temperatures were measured after the sealant was poured in 20 mm x 20 mm x 

450 mm aluminum troughs that simulated a short segment of a routed crack.  To measure sealant 

temperatures at the sealant/substrate interface, sealants were heated and remixed in the laboratory in 

accordance to ASTM D5167 (9).    The sealants were poured in the troughs described above and in which 

thermocouples had been glued to the side of the mold, i.e. at the sealant/substrate interface.  Temperature 

data was collected every 5 s for the first 5 min., and then every 30 s for 2 h.  
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RESULTS AND DISCUSSION 

Cooling of sealant on hot-mix asphalt 

Cooling curves for sealant N, poured at 185°C in a rout of 20 mm x 20 mm, are shown in Figure 1.  With 

the pavement temperatures at 35°C, the sealant temperature dropped rapidly after being poured.  The 

maximum sealant temperature measured in the rout was 135°C, 50°C lower than the pouring temperature.  

Once the sealant was in the rout, the upper surface, exposed to air at about 25°C, cooled more rapidly than 

the bulk.   

The rate of cooling can affect sealant characteristics, with the time to 100°C possibly being of the greater 

importance.  The latter temperature is the cooling onset of the glass transition temperature (Tg) of the 

polystyrene block in styrene-butadiene copolymers (10) found in sealants (3).  Below Tg diffusion is very 

slow and internal structure becomes fixed (11).  It is thus reasonable to assume that below 100°C sealant 

morphology, i.e., the SBS copolymer and filler(s) distribution in the sealant mass, would be fixed.  In this 

respect, the sealant bulk temperature was 100°C in about 4 min (Figure 1).  Within 45 min., the sealant had 

cooled further to about 40°C, never reaching the pavement temperature of 35°C, which suggests that fresh 

and dark sealant retains more solar heat than surrounding pavement. 

The cooling rate of a sealant depends on its pouring temperature, the pavement temperature, and its cross-

section after pouring, i.e., its mass.  Figure 2 shows cooling curves for three different sealants and 

conditions.  Sealants N and Q were both poured in routs of 20 mm x 20 mm, whereas sealant P was poured 

in unrouted cracks.  Sealant P was poured at 165°C, but the maximum sealant temperature registered in the 

crack was only 90°C.  The sealant thus gelled very rapidly in the unrouted crack, much more so than in the 

routed cracks, where the sealant cross-section (or mass) is larger. 

In the case of sealant Q, the maximum temperature registered in the rout was about 50°C lower than the 

sealant pouring temperature of 175°C, a temperature differential identical to that for sealant N.  This may 

be a coincidence, but it may also be the typical instantaneous cooling of sealants in routed cracks.  In 

contrast to sealants N and P, sealant Q was poured on a fairly cold pavement (9°C).  For this reason, the 

cooling rate of sealant Q was much faster than with the other two sealants, its temperature being down to 

100°C after only 1 min (Figure 2).   
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It is often required that sealants be protected from traffic for at least 30 min after their installation (1), the 

rationale being that tracking (deformation) of the sealant may occur if it is exposed to traffic too soon.  

Figures 1 and 2 show that the sealants had reached a constant temperature after 15 min.  

To collect sealants in the field for later analysis in the laboratory, an attempt was made to achieve cooling 

rates as close as possible to those in Figure 2.  For this purpose, aluminum troughs of 20 mm x 20 mm x 

450 mm in width, height and length were made (Figure 3).  To provide a thermal mass, the troughs were 

pressed in a box of wet sand, and to allow for easy sealant demolding, the troughs were lined with 

aluminum foil, which was used to wrap, protect and transport the sealant after it had cooled.   

 

In the troughs, cooling rates for sealants N, P and Q were very similar, with a typical profile shown in 

Figure 4.  The sealant cooling rates were slower in the trough than in the HMA routs, which indicated that 

the greater mass of HMA over that of the sand box allowed for a more efficient dissipation of heat.  Despite 

the slower cooling rates in the troughs, the time to 100°C was still short, about 7 min.  This was considered 

close enough to the rates in Figure 2 that sealants collected in the field could be taken as true representative 

of applied sealants, with the consequence that the effect of installation on sealants may be monitored by 

such sampling.  The effect of installation on sealant characteristics is the subject of another paper.  

Temperatures at the sealant-substrate interface 

In an effort to estimate the temperature at the sealant-HMA interface when a sealant is poured in the field, 

interfacial temperatures were measured in the laboratory by pouring a hot sealant in a trough where 

thermocouples had been installed (Figure 5).  Thermocouple (TC) #1 measured the sealant bulk 

temperature;  TC2 was meant to measure the temperature on the sealant side of the sealant-HMA interface; 

whereas TC3 was meant to measure the temperature on the HMA side.  As would be expected based on 

thermocouple placements, the measured temperatures went as TC1>TC2>TC3.  With a sealant pouring 

temperature of 175°C, a maximum bulk temperature of 125°C was measured at TC1, 50°C lower than the 

pouring temperature, just as in the field (Figure 2).  At the interface, TC2 and TC3 measured maxima of 

90°C and 75°C, respectively.  Hence, the temperatures on either side of the interface were below 100°C.  

Given the effect of temperature on sealant morphology discussed above, the relatively low temperature at 
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the interface suggests that a micro-layer of sealant would gel immediately upon contact with the surface.  

The use of a hot-air lance to heat routs would not be expected to change the interfacial temperature to a 

significant extent given that the HMA temperature is back to 50°C about 10 s after the passage of the lance 

(12). 

CONCLUSION 

The cooling rate of bituminous hot-poured crack sealants is an important parameter of material installation, 

but it remained undetermined.  In this study, the cooling rate of three sealants was measured in the field and 

in the laboratory.  Sealant bulk temperatures were measured to be  >50°C lower than the sealant application 

temperature almost immediately after pouring, depending on the sealant and pavement temperatures, and 

the sealant cross-section. After 15 min on the ground, the sealants had reached 40°C, a temperature low 

enough that early sealant deformation (tracking) is not a concern.  The corollary of this finding is that the 

usual 30 min of sealant protection may be excessive and that roadways with treated cracks may be reopen 

to traffic after 15 min, for the greater benefit of motorists. 

The sealant temperature at the interface of a sealant/HMA immediately after pouring the sealant was below 

100°C, the estimated temperature for the gelling of sealant microstructure.  This suggests that the time for a 

sealant to wet the HMA surface and to bond to the surface is extremely short.  This emphasizes that sealant 

wetting propensity is of the greatest importance for a sealant to adhere strongly to the pavement.   
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Figure 1.  Temperature decrease for sealant N measured in an HMA rout of 20 mm x 20 mm. 
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Figure 2.  Bulk sealant temperatures after pouring. The curve for sealant N is that from Figure 1. 
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Figure 3:  Field collection by pouring a sealant in troughs pressed into sand. 
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Figure 4.  Temperature decrease for the bulk of sealant N in an HMA rout and in a trough.  Sealant 
temperature was 185°C. 
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Figure 5.  Schematic of the set-up and location of thermocouples 1, 2, and 3 for the measurement of 
interfacial sealant temperatures in the aluminum mold. 
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