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─────────────────────────────────────────────────────── 
Abstract: The curing reaction kinetics of epoxy system in epoxy asphalt concrete was studied by means of non-isothermal analysis 
kinetics method combined with linear heating-up data of differential scanning calorimetry (DSC) at several scan speed rates. Taking 
advantage of Netzsch Thermokinetics Diffusion Control software, a precise model of this reaction was obtained by Friedman differential 
and nonlinear regression methods. The reaction energy and order can be solved with Kissinger equation and crane equation. Using this 
model, the conversion rate can be calculated under given conditions. The results show that temperature rise can greatly shorten the 
required curing time. The results also show that the time of conversion rate reaching 80 percent is much shorter than that of complete 
curing. The curing rate is over ten times when the pavement temperature is at 60C than at 30C. Therefore, it is recommended that 
epoxy asphalt concrete pavement be constructed in high-temperature season. Usually, the pavement temperature exceeds 30C in a 
whole day and the maximum temperature can reach up to 60C during hot summer season. Under this condition, the conversion rate 
reaches 80 percent in two weeks with the Marshall Stability value nearly reaching 40 kN, which is a value advised to open the pavement 
to traffic. 
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Epoxy asphalt concrete has been used as a wearing surface material 
for steel bridge decks for many years. In the mid-1960s, after 
evaluation of several materials, the California Bay Bridge Authority 
of the United States (US) selected the epoxy asphalt concrete as the 
wearing surface for the construction of the San Mateo-Haywa 
Bridge [1, 2]. Advantages offered by epoxy asphalt concrete 
included cost, ride quality, placement with conventional 
construction equipment, high fatigue resistance, etc. [1] Since then, 
epoxy asphalt has been used extensively in the US and Canada, 
Europe and China for steel bridge deck construction, including San 
Francisco Joklan Bridge, Westgate bridge in Australia, London 
airport in England, Hageetein Bridge in Holland [2], and Runyang 
Bridge and Sutong Bridge in China [3, 4], and many others. Epoxy 
asphalt concrete generally consists of a well-graded aggregate, with 
9-mm top size, and a 2-component epoxy resin system. After mixing, 
initial cure will take place in a few hours and the cure rate is 
temperature dependent. Full cure will take 30 to 60 days. 

In general, epoxy asphalt binder is composed of epoxy resin, 
curing agent, asphalt and some other additives. Through curing 
reaction, the epoxy asphalt binder changes from a thermoplastic 
material to a thermosetting material [5]. Epoxy asphalt mixture 
generally possesses better physical and mechanical properties than 
ordinary asphalt mixture, such as strength, fatigue resistance, 
durability and aging resistance. 

Since hot-mixed asphalt (HMA) concrete is constructed at a high 
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temperature, which requires longer time for the epoxy system to gel 
and the curing process continues even after cooling. Therefore, it is 
very important to understand the curing rate of the epoxy system 
and to control the degree of curing. There have been some studies 
on construction process control of epoxy asphalt concrete. Cao and 
Lei studied and discussed the maximum operating time in higher 
temperature of epoxy asphalt concrete [6]. It was concluded that the 
operating time was reduced with increasing temperature. The 
operating time was only forty minutes at 140C. In their study, Zhou, 
Chen and Zhao specified that the time required to open traffic for 
epoxy asphalt pavement would be forty-five days after placement 
[7], but no explanation was given about the requirement. Jiang et al. 
pointed out that a period of maintenance time after construction is 
required before opening to traffic [8]. However, no specific 
maintenance time is concluded in the study. 

The strength of epoxy asphalt concrete increases with time and 
the curing time required to open traffic is dependent on the strength. 
Therefore, strength can be used as a criterion to determine the 
maintenance time. However, this strength testing requires longer 
time to draw a conclusion and the required time will vary since air 
temperature changes. So using this method is time consuming. 
Finding a quick and reliable prediction method for determination of 
the maintenance time is essential. 

Thermal kinetics analysis is a systematic research method that 
analyzes reaction kinetics of materials. It has been widely used in 
researches studying the reaction mechanisms with changing rates of 
dehydration, decomposition, degradation of inorganic material; 
polymerization, solidification, crystallization and degradation of 
high polymer. It is also a rapid way to predict the time and rate of 
material’s curing reaction [9]. In this research, thermal kinetics 
analysis was used to study curing reaction of epoxy asphalt 
providing quick and accurate information. The results can be 
applied to develop guidance for construction of epoxy asphalt 
concrete. 
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a: 140C  b: 130C  c: 120C  d: 110C  e: 100C 
Fig. 6. Curing Reaction Content at Different Temperatures. 
 

 
(a) at 30C 

 
(b) at 60C 
Fig. 7. Conversion Rate with Time at Different Temperatures. 
 

temperatures. Thus, they could be used as guidance for epoxy 

asphalt concrete construction. In field construction, temperature is 

controlled within 100 to 140°C. Within this temperature range, the 

corresponding reaction rates at different temperatures are shown in 

Fig. 6. 

From Fig. 6, it can be shown that at a constant time, the reaction 
conversion rate increases as temperature increases. Similarly, at a 
constant temperature, the conversion rate increases as time increases. 
From Fig. 6, after curing at 120C for four hours, the conversion 
rate of the epoxy asphalt concrete is about 90%. However, as 
presented in a previous section, Marshall testing results indicate that 
enough strength has been obtained under this curing condition. 

Similarly, using the prediction models, reaction extents can be 
calculated in a set temperature program. Simulating the practical 
construction condition, the mixture is kept at 120C for 30 minutes, 
the assumed time elapse from mixing to paving. The epoxy asphalt 
concrete is then cooled to ambient temperature for three hours. For 
pavement temperature of 30C and 60C, the curves of conversion 
rate with time are shown in Fig. 7. 

In Fig. 7, the dashed lines represent temperature and the solid 
lines represent conversion rate. It can be seen that the reaction 
system requires nearly sixty days for the curing to reach 80 percent 
at 30C, while it requires only four days if the pavement 
temperature is kept at 60C. The time required for complete curing 
are 150 days at 30C and 15 days at 60C, respectively. The results 
show the reaction rate increases about ten times when temperature 
rises from 30C to 60C. It also shows that the time required is 
much longer for the conversion rate to increase from 80 percent to 
100 percent. From Table 3 in Section 3.1 of this paper, at 30C, the 
Marshall Stability of the epoxy asphalt concrete is 38.5 kN at sixty 
days. Therefore, the Epoxy asphalt concrete pavement can be 
opened to traffic when the conversion rate reaches 80 percent. 

However, due to endothermic characteristic of asphalt concrete, 
the pavement temperature is usually higher than the air temperature. 
In summer times, the pavement temperature can reach 60C. The 
daily temperature variations (cycles) also need to be considered. 
Therefore, a more reasonable analysis process taking into 
consideration of daily temperature variations was undertaken to 
evaluate the curing reaction. The analysis process was divided into 
seven stages: 
1. At the start of the Epoxy asphalt concrete mixing, the 

temperature was set at 120C; 
2. Time required for mixing, transporting and paving, 30 minutes; 
3. Time required for the pavement temperature to drop to 30C at 

a rate of 0.5C/min, 180 minutes; 
4. The pavement temperature was kept a constant at 30C from 

0:00 am to 8:00 am; 
5. The pavement temperature rises from 30C to 60C at a rate of 

0.833C/min, 360 minutes; 
6. The pavement temperature decreases from 60C to 30C at a 

rate of 0.833C/min, 360 minutes; 
7. The pavement temperature was kept a constant of 30C for 240 

minutes. 
Stages 4 to 7 represented daily pavement temperature variations 

after the pavement construction. The analysis process is shown in 
Table 7. 

By repeating the Stages 4 to 7 for fourteen times, the pavement 
has undergone fourteen cycles of daily temperature variations. Fig. 
7 shows conversion rate of reaction system according to the 
prediction model and setting temperature program. 

In Fig. 8, the dash lines represent pavement temperature 
variations; the solid line represents the conversion rate. Fig. 8 shows 
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Table 7. A Given Temperature Program of Reaction System. 

Stage Mode Final Temperature (C) Rate (C/min) Time (min) Timeframe 

1 Initial 120 - - - 
2 Isothermal 120 - 30 Mixing, Transporting, Paving 
3 Dynamic 30 -0.5 180 Cooling 
4 Isothermal 30 - 480 0:00-8:00 
5 Dynamic 60 0.833 360 8:00-14:00 
6 Dynamic 30 -0.833 360 14:00-20:00 
7 Isothermal 30 - 240 20:00-0:00 

  

 
Fig. 8. Conversion Rate of Reaction System in Fifteen Days. 

 
that the conversion rate has reached nearly 50 percent during mixing, 
storing and paving. Subsequently, conversion rate reaches 80 
percent in about two weeks. It has been shown earlier, the pavement 
can be opened to traffic at a conversion rate of 80%; therefore, 
under this analysis, the Epoxy asphalt concrete pavement can be 
opened to traffic two weeks after the pavement construction. From 
this analysis, it is clear that, by construction of epoxy asphalt 
concrete pavement at a higher temperature will be of great help to 
open traffic earlier. 

 
Summary and Conclusions 

 
Taking advantage of Netzsch Thermokinetics Diffusion Control 
software, the curing reaction kinetics of epoxy system in epoxy 
asphalt concrete was studied by non-isothermal analysis kinetics 
method combined with linear heating-up data of DSC. A precise 
model of this reaction was obtained by using Friedman differential 
and nonlinear regression methods. Using this model, the time and 
content of the reaction were calculated. The following conclusions 
can be drawn from this study: 
1. The reaction of epoxy system is a typical of autocatalytic 

process. The E and lnA are 78.4 kJ/mol and 11.99 min-1, and 
the order of reaction approximately follows first-order kinetics. 

2. The time required for conversion rate to reach 80 percent is 
much shorter than that of complete curing. 

3. When the reaction extent reaches 80 percent, the Marshall 
Stability value nearly reached 40 kN, considered to have 
enough strength to carry traffic. 

4. The curing rate is over ten times when the pavement 
temperature is at 60C than at 30C. 

5. It is recommended to pave epoxy asphalt concrete at 
high-temperature season because temperature rise can greatly 
shorten the required curing time of epoxy system. 

6. In high-temperature season, if pavement temperature exceeds 
30C in a whole day and the maximum temperature reaches 
60C, the conversion rate reaches 80 percent in about two 
weeks. The time may be considered to open traffic. 
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