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Abstract

Considering the poor cohesiveness of the joint between pothole repair materials on asphalt pavement and old pavement,
epoxy resin (EP) was toughened in this study, and a new composite resin material applicable to pavement repair was
proposed. In particular, epoxy acrylic resin was prepared through the blending modification of acrylic resin and EP. The
rheological properties of the composite resin were analyzed, and the influence of different acrylic acid contents on the
toughness of the composite resin was discussed. Subsequently, the curing reaction process of the composite resin was
explored via differential scanning calorimetry, and the theoretical curing process was determined. On this basis, the
thermal stability of the composite resin was analyzed through thermogravimetric analysis. Results show that the tensile
strength, elongation at break, and impact strength of the optimal composite resin are increased by 88.43%, 4202%, and
103.14%, respectively compared with those of EP alone, indicating that acrylic resin exerts a remarkable toughening
effect on EP. The construction process parameters of the resin can be effectively predicted by measuring the curing
reaction degree. The onset temperature of the resin is 101 °C, and its thermal stability is favorable and can meet the
application requirements of the resin in high-temperature weather during summer. The conclusions provide an important

reference for follow-up research on pavement maintenance materials.
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1. Introduction

Asphalt pavement, a flexible pavement structure composed
of asphalt mixture, various base layers, and cushion layers,
has become the primary pavement form at present because it
exhibits good smoothness, offers convenient construction
and maintenance, and ensures comfortable driving. With the
rapid development of China’s traffic industry, road traffic
volume has surged and the vehicle load borne by asphalt

pavements has been increasing along with loading frequency.

Under the combined effects of environmental factors and
vehicle loads, cracks, pits, ruts, and other diseases have
appeared on asphalt pavements before they reach their
designed service life. Such diseases have seriously affected
the stability, safety, and comfort of driving, and impact load
caused by vehicle bumps and vibrations induced by
pavement diseases is 1.5-2.0 times that of normal pavements
[1]. Surface water seeps into the pavement structure layers
through the diseased parts, resulting in the loosening and
peeling of pavement surface materials, the softening of
pavement base materials, the reduction of bearing capacity,
and other phenomena. Consequently, asphalt pavements are
subjected to crack expansion, local subsidence, or pothole
expansion, affecting the service life of roads and triggering
economic losses.

With the increasing prominence of diseases on asphalt
pavements, the key problem in China’s road construction
lies in improving the maintenance and repair technologies of
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asphalt pavements. At present, most maintenance and repair
methods for asphalt pavements in China address emergency
maintenance and repair, which require low cost and fast
construction. However, with the development of road cause,
the maintenance technology for asphalt pavements in China
is changing from emergency maintenance to preventive
maintenance [2]. As a typical disease of asphalt pavements,
potholes seriously affect smoothness and driving comfort
along pavements. The service life of asphalt pavements can
be effectively prolonged by repairing potholes as soon as
possible. Hot-mixed asphalt mixtures are characterized by
high strength, good stability, and good compatibility with
old pavements when used as pothole repairing materials.
However, hot-mixed asphalt pavements cannot be
constructed during winter and rainy season, and potholes on
asphalt pavements cannot be repaired on time, affecting road
traffic [3]. Cold-mixed asphalt mixtures can be spread
whenever possible and conveniently constructed without
heating; moreover, they are applicable to pothole repair
construction during low-temperature seasons and rainy days
[4]. Investigations on the present situation of pavement
pothole repair have found that cohesiveness at the joint
between common pothole repair materials and pavement is
poor, reducing the integrity of the original pavement.
Moreover, rainwater and oil stains on the pavement
permeate through the joint between old and new asphalt
mixtures. After the repair, the surrounding parts of potholes
tend to loosen, and the repair materials fall off. During the
braking process of vehicles, the secondary damages of
shearing and extrusion occur within a short time, and
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potholes reappear on the pavement, increasing maintenance
workload and cost [5-6].

Specific to the cohesiveness problem of the joint
between the pothole repair material and the original
pavement, the new—old asphalt joints are slotted and then
poured with the binding material [7] to enhance their
cohesiveness by referring to the potting adhesives commonly
used on asphalt pavements. However, construction

technology is complicated, with poor economic applicability.

The joint of the repaired potholes can be covered by seal
bands, forming a “cap” [8], to increase the bonding force at
the joint. Nevertheless, existing seal bands in China are
brittle at low temperatures and lose their cohesiveness to the
pavement when heated at high temperatures during summer,
and thus, their service life is short. To improve the integrity
of damaged asphalt pavement after repair, reduce the erosion
of subgrade pavement caused by rainwater infiltration, and
prolong the service life of the repaired asphalt pavement, a
type of pavement resin coating with good flexibility and
strong adhesion was proposed in the current study, and the
thermal effect of its curing process was analyzed.

2. State of the art

As a common resin polymer material, epoxy resin (EP)
reacts with curing agents to produce cross—linked products
that exhibit excellent cohesiveness, good mechanical
properties, and small curing shrinkage [9-11]; thus, it is
widely used in the building industry, chemical coatings, road
traffic, and aerospace. Its operating temperature range is
wide, and the cross-linking degree of resin curing products
can be controlled well by selecting the category of curing
agents and controlling curing temperature. After cross-
linking curing, however, single EP becomes hard and brittle
in texture, poor in toughness, low in impact strength, and
poor in weather resistance [12]; hence, its technical
requirements cannot be met when used in asphalt pavements.
Therefore, modifying and toughening EP are highly
significant for solving the application problem of EP in
pavement resin coatings.

At present, many scholars have exerted effort to achieve
the toughening effect by modifying EP. The active groups in
rubber react with epoxy macromolecules, and the
mechanical properties of the modified resin are evidently
improved, realizing the toughening modification of EP.
Gunwant et al. [13] modified the diglycidyl ether of
bisphenol A EP with liquid rubber (LR). Through the tensile
test and analysis of fracture surface morphology, LR was
found to improve the toughness of EP. Ratna et al. [14]
mixed synthesized carboxyl-terminated polyethylhexyl
acrylate LR with EP for pre-reaction and obtained modified
EP. The results showed that the impact strength of the
modified resin was about three times that of the unmodified
EP. Li et al. [15] explored the fracture properties of
polysulfide rubber and polyaniline-modified EP. The results
revealed that the toughening effect of the three materials was
remarkable under the optimal blending ratio, and the
materials were transformed from brittle fracture to ductile
fracture. Nano-fillers exhibit a large specific surface area,
strong interfacial action, and high hardness. When
introduced, EP endows the resin system with many
advantages of inorganic nano-fillers and achieves the
purpose of toughening EP. Ghosh et al. [16] considered the
agglomeration of nanoparticles. Nano-TiO, was dispersed in
the EP matrix by an ultrasonic dispersion method, and the
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toughness of the resin reached the maximum when the
dosage of nano-TiO, was 10%. The adhesive strength and
fracture toughness of EP that contained cellulose
nanocrystals (CNC) prepared by Pruksawan et al. [17] were
considerably improved. Its tensile shear strength reached 29
MPa and its fracture toughness reached 389 MPa-m!”,
which were 125% and 378%, respectively, higher than those
of EP without CNC. Saadati et al. [18] modified and
toughened EP by cross-linking ethenyl and hydroxyl-
terminated polybutadiene. The results indicated that when
the mass ratio of ethenyl to hydroxyl-terminated
polybutadiene was 20:100, the material acquired the best
impact and mechanical properties. Kong et al. [19] used
toluene diisocyanate and polypropylene glycol to synthesize
isocyanate-terminated polyether and synthesized EP with
flexible segments by using the reaction of isocyanate-
terminated polyether with EP, which not only improved the
curing flexibility of EP but also increased its adhesion. In the
preceding research, rubber, as a modified material, cannot
realize phase separation during the curing reaction of the EP
system, easily decreasing the glass transition temperature of
the resin and affecting its thermal stability at high
temperatures. Interaction between nanoparticles is strong,
and the dispersion problem in resin modification is still not
solved well. Synthesizing block copolymers is difficult, and
impurities can be easily introduced. All the above materials
have some adverse effects on modified EP.

After toughening modification, the curing reaction
conditions of the resin exert considerable influence on film-
forming performance. Therefore, the curing reaction process
of the resin should be tracked and controlled during the
preparation of epoxy acrylic resin. Infrared spectroscopy can
directly reflect the chemical structure changes of the resin
during the curing reaction, and the kinetic parameters in the
curing reaction of the resin matrix can be determined by
observing the change rules of active groups during the
curing reaction of the resin [20-21]. Vashurkin et al. [22]
divided the vertical peak of the spectrum into a single peak
in the near-infrared range and calculated the concentration of
the functional groups of the resin. The conversion rate of the
epoxy groups in the resin reached the maximum value at
140 °C. Weiss et al. [23] studied the isothermal curing
degree of melamine resin at different temperatures via online
infrared spectroscopy. Despite its rapidness and convenience,
this method can only identify the functional groups of the
cured resin and cannot track the curing process of the resin.
In addition, the measurement process is easily interfered
with by other functional groups with similar peak values,
affecting the accuracy of the measurement results.

In consideration of the shortcomings of existing research,
BS-104-2 acrylic resin (BS) with high molecular weight,
good toughening effect, and weather resistance was selected
in the current study to perform toughening modification of
EP, aiming to synthesize composite resin—epoxy acrylic
resin (EAM) and prepare a type of resin coating material
with favorable toughness and hardness. On this basis, the
curing process and thermal stability of the curing products of
the composite resin prepared through the best formula were
analyzed via differential scanning calorimetry (DSC) and
thermogravimetric analysis (TG), and the applicability of the
coating to construction was predicted.

The remainder of this study is organized as follows. In
Section III, the material preparation process and test method
are expounded. In Section IV, the test results of the
composite resin, including its viscosity, mechanical
properties, and thermal properties, are analyzed. Then, a



Hongjun Jing, Xiao Mu, Qianqian Wang, Yuanquan Cui and Changfeng Sun/
Journal of Engineering Science and Technology Review 16 (1) (2023) 92 — 100
curing kinetic model is established. In the final section, the ~ 3.2.1 Viscosity test
study is summarized and relevant conclusions are drawn. A Brinell viscometer (NDJ-1D) (Fig. 2) was used to
determine the temperature-dependent variation trend of the
viscosity of the mixed composite resin at a heating rate of
3. Methodology 3 °C/min within a test temperature range of 20 °C-80 °C.

3.1 Test profile

3.1.1 Raw materials

EP: bisphenol A-type EP E-51, Sinopharm Chemical
Reagents Co., Ltd.; acrylic resin: BS-104-2, Sanmu Group
Chemical Reagent Co., Ltd.; curing agent: 593 curing agent,
Sinopharm Chemical Reagent Co., Ltd.; accelerator: DMP-
30, Sinopharm Chemical Reagents Co., Ltd.; defoamer: SH-
5500, Foshan Lixin Chemical Co., Ltd.

3.1.2 Sample preparation

In accordance with Tablel formulation, EP and BS were
weighed and poured into a beaker. The mixture was stirred
with a glass rod at room temperature. After the two resins
were fully blended, other auxiliaries, such as the curing
agent, were quantitatively added to the edge of the beaker
step by step, following a certain order. Then, the mixture
was fully stirred using a glass rod and set aside for later use.
The detailed resin preparation process is illustrated in Fig. 1.

Table 1. Formula for the composite resin

Sample name E-51:BS-104-2
EAMO 100:0
EAMI1 100:10
EAM2 100:20
EAM3 100:30
gﬁﬁ;‘ }gggg Fig. 2. NDJ-1D Brookfield viscometer

3.2.2 Tensile strength and elongation at break test

A universal testing machine (CMT5105) (Fig. 3) was
employed to test the tensile strength and elongation at break
of specimens at a stretching rate of 10 mm/min in
accordance with GB/T2567-2021.

Fig. 1. Preparation process of epoxy acrylic resin

3.2 Test method

Fig. 3. CMT5105 universal testing machine
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3.2.3 Impact strength test

A simply supported beam impact tester (XCJD-50) was used
to test the impact toughness of the specimens at an impact
speed of 2.9 m/s in accordance with GB/T2567-2021.

3.2.4 Shore hardness test

A Shore hardness tester (LX-D type) was utilized to test the
hardness of the specimens. Three groups of data were tested
for each specimen, and the average value was considered.

3.2.5 Non-isothermal DSC test

A differential scanning calorimeter (200 F3) was employed
to track the curing reaction process of the resin, and high-
purity indium was used for temperature correction. Then, 5
mg of the EP-acrylic acid system specimen was weighed
and placed in an aluminum crucible in high-purity nitrogen
atmosphere. After bottom sealing, the specimen was scanned
by heating from 30 °C to 250 °C at different heating rates (5,
10, 15, and 20 K/min).

3.2.6 TG test

A TG analyzer (TG209 F3) was used to analyze the
temperature—mass loss of the cured resin. Here, 2.5 mg of
the specimen was placed in a crucible under nitrogen
atmosphere, with a heating rate of 5 K/min and a scanning
range of 0 °C-500 °C.

4. Result analysis and Discussion
4.1 Performance characterization of EAM

4.1.1 Rheological properties of EAM

The viscosity of EP, a thermosetting resin, changes with the
cross—linking reaction during curing. BS, which has low
viscosity, can dilute EP and prolong the applicable time of
resin during curing construction. Fig. 4 depicts the
viscosity—temperature curves of EAM at different mixing
proportions. As shown in the figure, EAM was a viscous
liquid at room temperature, and its initial viscosity decreased
with the addition of BS. At 20 °C-43 °C, the groups in the
system gain energy with an increase in system temperature,
reaction activity was strengthened, and system viscosity
decreased considerably. At 43 °C—68 °C, the fluctuation
range of EAM viscosity was about 200 mPa's. When
temperature was higher than 68 °C, the cross-linking degree
of EAM increased more than the activity of the molecular
chain movement caused by the temperature rise, and the
system entered a gel state, with its viscosity starting to rise
sharply. The viscosity of EAMS remained stable after
dropping to 200 mPa-s, proving that EAMS5 had not
experienced curing reaction. EAM had a wide temperature
range in the transformation process from a liquid state to a
gel state. This condition was beneficial for the actual
operation and construction of resin materials.

4.1.2 Mechanical properties of EAM

After curing, EP exhibits poor toughness and is prone to
brittle failure, leading to the failure of the overall coating
structure. Therefore, the resin coating is required to be of
certain toughness and hardness after curing. Toughness is
divided into fracture toughness and impact toughness. As a
property of the material itself, fracture toughness is a
measure of the material’s resistance to brittle failure. Impact
toughness indicates the ability of a material to resist external
impact. In the current study, tensile strength, elongation at

95

break, and impact strength were used to characterize the
toughness of the composite resin. In accordance with Fig. 4,
four formulations (EAM1, EAM2, EAM3, and EAM4) were
selected to prepare the specimens, and their tensile
mechanical properties were tested after curing at room
temperature, with EAMO as the blank control group.
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Fig. 5. Mechanical property test of EAM (@)Tensile strength and
elongation at break (b)Impact strength and Shore hardness

Fig. 5(a) depicts the variation trends of the tensile
strength and elongation at break of EAM at different dosage
levels. With an increase in BS content, the tensile strength
and elongation at break of EAM initially increased and then
decreased. When the optimal BS content was 30 portions,
the tensile strength is 88.43% higher than that of EAMO
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(pure EP). The elongation at break of the specimen initially
increased and then decreased with an increase in BS content,
and the change curve is shown in Fig. 5(a). When 30
portions of BS were used, the elongation at break of the

EAM3 specimen was 37.8%, which was the maximum value.

When the amount of BS was increased to 40 portions, the
tensile strength of the material decreased, physical
entanglement played a role in the tensile strength of the
material, and elongation at break began to decrease.

Fig. 5(b) presents a broken line chart of the numerical
changes in the impact strength and Shore hardness of EAM
at different mixing proportions. By adding the BS modifying
material to the EP matrix, the impact strength of EAM
gradually increased with an increase in BS content. When 30
portions of BS were added, the impact strength of EAM3
was 103.14% higher than that of pure EP, while the impact

strength of resin decreased when BS was continuously added.

When the driving load is directly in contact with the
asphalt pavement surface, it will induce obvious cracks on
the pavement and form stress concentration. Therefore, a
certain toughness requirement was proposed in the current
study for the prepared pothole repair coating material of the
asphalt pavement, expecting to relieve the plastic
deformation brought by vehicle loads. When 30 portions of
BS were added, the tensile strength of EAM3 was 27.7 MPa
and the elongation at break was 38.24%, which were 88.43%
and 4202% higher than those of EAMO, respectively. The
fracture toughness of the resin was the best. Simultaneously,
the impact strength of EAM3 increased by 103.14% to the
highest value of 32.3 KJ/m? within a suitable hardness range.
Its impact toughness was also considerably improved. In
summary, the resin had the best toughness and certain
hardness in this case, and thus, it has good practicability as
pavement coating.

4.2 Reaction heat and characteristic temperature of
EAM3

4.2.1 Non-isothermal DSC analysis of EAM3

Fig.6 displays the heat flow—temperature spectrum of EAM3
at heating rates of 5, 10, 15, and 20 K/min. As shown in Fig.
6, EAM3 only had a single exothermic peak of curing
reaction at different heating rates, indicating a single curing
mechanism in the system, without evident side reactions.
With an increase in heating rate, the heat release per unit
time increased and relative curing time was shortened. The
reaction heat release of the resin system lagged behind, and
the initial temperature and exothermic peak of curing
reaction moved toward high temperatures.
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Fig. 6. DSC curves of EAM3 at different heating rates
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4.2.2 Changes in the conversion rate of EAM3

By integrating the exothermic peaks of the curing reaction of
EAM3 at different heating rates, the relation curves between
EAM3 conversion rate and curing temperature can be
obtained, as shown in Fig. 7.

The resin conversion curve shifted to high temperatures
with an increase in heating rate. During the initial reaction
stage, when a<20%, the heat could not be transferred inward
from the surface of EAM3, a few active groups were present
in the resin, and conversion rate increased slowly. During
the rapid development stage of the reaction, when
20%=<0<80%, viscosity decreased, heat was transferred
inward from the surface of EAM3, active groups increased
considerably, curing reaction rate increased sharply, and
conversion rate increased rapidly. During the completion
stage, when 0>80%, the cross-linking density and viscosity
of EAM3 gradually increased, the movement of its internal
active groups was blocked, and conversion rate increased
slowly. The synthesized EAM3 had a certain heat capacity
and a low thermal conductivity coefficient, and thus, it was
affected by the thermal lag effect of the system. When
heating rate was accelerated, the temperature of the system
would not change immediately. At this moment, the
conversion rate-temperature curve moved rightward (high
temperature).
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Fig. 7. EAM3 conversion rate—temperature relation curves

The resin conversion curve shifted to high temperatures
with an increase in heating rate. During the initial reaction
stage, when a<20%, the heat could not be transferred inward
from the surface of EAM3, a few active groups were present
in the resin, and conversion rate increased slowly. During
the rapid development stage of the reaction, when
20%=<0<80%, viscosity decreased, heat was transferred
inward from the surface of EAM3, active groups increased
considerably, curing reaction rate increased sharply, and
conversion rate increased rapidly. During the completion
stage, when 0>80%, the cross-linking density and viscosity
of EAM3 gradually increased, the movement of its internal
active groups was blocked, and conversion rate increased
slowly. The synthesized EAM3 had a certain heat capacity
and a low thermal conductivity coefficient, and thus, it was
affected by the thermal lag effect of the system. When
heating rate was accelerated, the temperature of the system
would not change immediately. At this moment, the
conversion rate-temperature curve moved rightward (high
temperature).
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Table 2. Non-isothermal kinetic characteristic parameters of

EAM3
B/(K/min) T/°C T,/°C T,°C
5 873 1452 186.3
10 953 157.2 205.6
15 103.9 164.7 21.1
20 108.0 175.2 238.3

In the table, f is the heating rate, K/min; 7; denotes the
initial temperature, °C; 7, is the peak temperature, °C; and 7;
represents the termination temperature, °C.

4.2.3 Characteristic temperature analysis of EAM3

The curing reaction temperature of the system is
considerably affected by heating rate, and when the resin is
actually used, it is generally at a constant temperature. To
eliminate the influence of the change in heating rate on
reaction heat, the T;, Tp, and Ty at different heating rates in
Table 2 were plotted in Fig. 8 and linearly fitted. The
approximate gel temperature (7j), curing temperature (7,),
and after-treatment temperature (7p) at f=0 K/min were
obtained via 7-f extrapolation, and they were 80.95 °C,
136.20 °C, and 169.95 °C, respectively.

240
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Fig. 8. Extrapolated straight line obtained through the linear fitting of
T-p

T, and Tp were acquired through the extrapolated
straight line in Fig. 8. Considering the internal heat
accumulation in the resin during practical applications, the
actual curing temperature of EAM3 is slightly lower than
136.20 °C. In the current study, 130 °C was selected as the
curing temperature and 150 °C as the post-curing
temperature. In the actual curing reaction, the thermal
conductivity of the resin system is low, accompanied by an
excessively fast heating rate and an uneven temperature field
of the system, resulting in the uneven shrinkage of EAM
during the curing process and further leading to internal
stress and material deformation. Moreover, debonding and
cracking may occur, affecting the service life of the material.
In the current study, the curing method of 130 °C/ 100
min+150 °C/ 30 min was adopted. After EAM3 was cured at
130 °C for 100 min, temperature was raised to 150 °C and
curing time was prolonged for 30 min, reducing internal
stress during curing and facilitating the system to achieve the
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best curing performance. The theoretical calculation value
provides an important basis for determining the actual curing
process parameters of EAM3.

4.3 Curing kinetic model of EAM3

The thermal activation reaction was analyzed and predicted
to deduce the reaction process suitable for various heat
treatment methods (including linear heating and other non-
isothermal treatment methods) for a comprehensive
description. On the basis of the different temperature
dependence of the thermal activation reaction, the
conversion rate in the reaction process was simplified, and
the reaction rate can be expressed by the following formula:

da 1

ﬁ—ﬂk(T)f(a) (1)

where E represents the reaction activation energy, KJ/mol;
and 4 denotes the pre-exponential factor, min™'.

4.3.1 Kissinger method

As assumed by the Kissinger method [24], the reaction
temperature is the highest at the peak of the thermal analysis
curve, which is unaffected by heating rate, with its n-order
reaction model as follows:

In {ﬂzJ =In
T

where R is the molar gas constant, being 0.00831
KJ/(mol*K).

The In(B/T,)-1/T, relation curve was drawn in
accordance with Table 2 and linearly fitted. As shown in Fig.
9(a), E was solved as 66.15 KJ/mol on the basis of the
straight slope and A4 as 4.46x107 on the basis of the intercept.

The reaction order n was determined through the Crane
method [25], as presented in Eq. (3).
d(inp)

e

The Inf—1/T, relation curve was plotted and linearly
fitted, as shown in Fig 9(b), where £E=66.15 KJ/mol was
substituted to obtain the reaction order n as 0.90.

The obtained parameters were substituted into the n-
order reaction kinetic model for integral transformation to
obtain the relational expression among a, ¢, and T [Eq. (4)]:

AR_E
E RT,

@

3

66150

10
a(t)= 1—{1 ~4.46x% 10%8«3%] “)

where a is the conversion rate, %; ¢ represents the curing
time, min; and 7 denotes the curing temperature, K.
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As revealed by the relational expression, i.e., Eq. (4), rate, and its general formula under non-isothermal

conversion rate grew with an elevation of curing temperature
and the lengthening of curing time. The curing temperature
of 403.15 K, i.e., 130 °C, was substituted into Eq. (4) to

obtain the conversion rate of the system as 99.9% at 100 min.

4.3.2 Starink method
The Starink equation [26] acquires the activation energy by
using a multiple scanning rate and an equivalent conversion

Table 3. Curing reaction kinetic parameters of EAM3

conditions is
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Const—1.0008 —
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Kissinger equation

Starink equation
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E/(KJ/mol)

Crane equation

Eaves (KJ/mol)
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66.39

n
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Note: Eay. is the average value of the solved activation energy.
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The In(B/T"*?)—-1/T relation curve chart of EAM3 was
plotted, as shown in Fig. 9(c). The system activation energy
E at its peak temperature can be solved as 66.39 KJ/mol in
accordance with the slope of the fitted curve, namely,
—1.0008 E/R. The curing reaction kinetic parameters of
EAM3 are shown in Table 3.

The linear fitting line of In(B/T."**)-1/T, at different
conversion rates is shown in Fig.10. In accordance with the
calculation results, the activation energy E line chart at
different conversion rates could be drawn, as shown in
Fig.11. As the conversion rate of EAM3 increased, the
broken line exhibited a trend of gentle increase at first and
then a rapid decrease. When 0<0.4, the energy absorption
rate of EAM3 was slow due to its own thermal lag effect,
and the activation energy value was stabilized within 65-66
KJ/mol. In this case, the activation energy was large and the
trend was gentle. With an increase in conversion rate, the
curing degree of EAM3 increased, viscosity increased
rapidly, diffusion control started playing a dominant role in
the reaction, and activation energy presented an evident
declining trend.

4.4 Thermal stability analysis of EAM3

The resistance of polymers to thermal deformation and
thermal decomposition is the thermal stability of a material.
In this experiment, TG analysis was used to characterize the
thermal stability of EAM3 curing products by measuring the
relationship between the material mass and temperature.
Considering the thermal hysteresis of the curing product
itself, the temperature increase rate of 5 K/min was used for
the test. Fig. 12 shows the TG curve chart of the curing
product in nitrogen atmosphere.
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Fig. 12. TG curve chart of EAM3 curing products

The thermal weight loss of EAM3 curing products can
be divided into three stages. At temperatures of 0 °C-101 °C,
the weight loss rate of the sample was the lowest, and the
curing product was glassy and exhibited good thermal
stability. At 101 °C-353.9 °C, the weight loss curve of the
sample was gentle, and evident mass loss started. When
temperature exceeded 101 °C, the resin material transited to
a highly elastic state. At this moment, the residual solvent in
the curing product was volatilized, network structure was
destroyed slightly, and mass loss was small. As temperature
continued to rise, most organic compounds started oxidative
decomposition at 200 °C-300 °C, and weight loss increased,
affecting thermal stability. The front segment of the weight
loss curve was gentle, with a sudden change at 353.9 °C.
Under this circumstance, the sample underwent thermal
degradation and began to change from a highly elastic state
to a viscous flow state. At 353.9 °C-500 °C, the mass loss
percentage of the sample reached 72.91%, and the
mechanical properties of the material were completely lost at
this stage. The measured glass transition temperature of the
curing product was considerably higher than the service
temperature of the composite resin, indicating its good
thermal stability in practical applications.

5. Conclusion

To prolong the service life of asphalt pavement disease
repair materials and considering the shortcomings of the
existing pavement repair materials, EAM was synthesized
by BS-modified EP to prepare a composite resin for
pavement disease repair. Then, the suitable composite resin
formulations EAM0O, EAM1, EAM2, EAM3 and EAM4
were obtained according to the viscosion-temperature curve
test results of resin materials in different proportions. Finally,
the following conclusions were drawn through the
performance test.

(1) EAM3 was considered a formula with the best
toughness by testing the tensile strength, elongation at break,
impact strength grade, and Shore hardness of the five types
of composite resins.

(2) The characteristic temperature of EAM3 was
obtained on the basis of non-isothermal DSC. Then,
130 °C/100 min+150 °C/30 min was recommended as the
curing process of the resin in field construction.

(3) The average activation energy and reaction order of
EAM3 were solved as 67.43 KJ/mol and 0.90, respectively,
by using the Kissinger, Crane, and Starink methods. On this
basis, a system reaction model was established.

(4) As revealed by TG, the mass loss of the EAM3
curing product was only 0.1% within a temperature range of
0°C-101 °C.

The epoxy acrylic resin for repairing asphalt pavement
diseases proposed in the current study exhibits good
toughness, a simple preparation process, good thermal
stability when coating materials at room temperature, and
certain economic practicability. However, the test in this
work remained at the indoor test and theoretical derivation
stages. Further optimizing the mixing proportion and curing
process of pavement coating materials through practical
engineering applications is suggested.

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.
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