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In the past few decades, the rapid growth of automobile production in China has led to the scrapping of a large number of tires.
How to dispose of tires has become a signiﬁcant challenge. The addition of crushed rubber to asphalt binder not only can improve
the performance of asphalt mixtures but also is an eﬀective and environmentally friendly way to recycle scrapped tires. However,
rubber asphalt mixtures demand higher production temperatures than conventional asphalt binders due to the higher viscosity of
asphalt rubber binder. The main objective of this study is to evaluate the rheological properties of rubber-modiﬁed asphalt by
adding polyamide 6 and investigate the modiﬁcation mechanism of crumb rubber-modiﬁed asphalt (CRMA) after adding
polyamide 6. To this end, the content of waste rubber in the prepared rubber asphalt was 20%. The conventional laboratory
rheological tests were employed to evaluate the performance of crumb rubber-modiﬁed asphalt after adding polyamide 6.
Furthermore, to investigate the interaction mechanism of crumb rubber and asphalt, a series of advanced tools, including the
scanning electron microscopy (SEM) test, diﬀerential scanning calorimeter (DSC) test, and Fourier transform infrared spectroscopy (FTIR) test, were conducted. From the experimental results obtained, it may be concluded that crumb rubber-modiﬁed
asphalt with adding polyamide 6 not only improves the engineering properties of the rubber-modiﬁed asphalt but also improves
the performance of rubber asphalt. From the FTIR and SEM tests, it is concluded that there is no new functional group in the
mixing process of crumb rubber and the asphalt, which contributes to the storage stability of asphalt binder and runway.

1. Introduction
At present, China’s tire production ranks ﬁrst in the world,
but the utilization rate of used tires is meager, less than 50%.
The annual waste tires have reached more than 10 million
tons and are still increasing year by year [1, 2]. Because waste
tires are thermosetting polymer materials, they are resistant
to high temperature, corrosion, and wear and are diﬃcult to
degrade under natural conditions. More than 30% of used
tires in China are burned, buried, and piled up as garbage
[3, 4]. This will not only occupy a large number of land
resources, pollute the atmosphere, soil, and water resources,
and bring serious environmental and ecological problems
but also cause ﬁre easily, produce toxic and harmful smoke
and gas, and pose a great threat to human health [5].

Therefore, in the face of the current situation of scarce
natural resources, it is of great practical signiﬁcance to study
how to eﬀectively use used tires, realize the recycling of
resources, and reduce the pollution of used tires to the
environment.
The plastic track has excellent performance and convenient use. It has been well received and has been oﬃcially
designated by the International Olympic Committee as one
of the prerequisites for the international competition venue.
Most of the polyurethane plastic track currently laid is mixed
type, and its basic formula contains heavy metal catalysts
[6, 7], which causes the plastic track in the pavements to be
poisonous and the cost of laying is too high [8, 9], International Sports Track Technology Association (IST). As early
as 1994, it was proposed to “not accept the use of the sports
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system with TDI-containing polyurethane system.” The
hybrid plastic track has been eliminated, and various new
plastic runways have emerged, which are bonded with
polyurethane adhesive. The preparation of plastic track for
waste rubber powder has become a research hotspot [10, 11].
Achary PS [12] used TDI adhesive bonding waste rubber
powder to make paving materials. Wang Wei et al. [13] used
TDI and modiﬁed diphenylmethane diisocyanate (MDI)
which is used as an adhesive to bond SBR waste rubber
particles to a porous polyurethane surfacing layer in a ratio
of 1 : 3.5 (mass ratio). Zhu Xinming [13] used a large-tonnage ﬂat vulcanizing machine to mold waste tire rubber to
form a combined plastic layer. These studies have achieved
excellent results, but crumb rubber is only used on the
runway surface. Crumb rubber can also be added to the
asphalt layer of the rubber runway.
Recently, reclaimed rubber obtained from tires has been
used in a valuable way in paving as an elastic binder additive.
Research has shown that the addition of crumb rubber to
virgin asphalt can produce asphalt pavements that exhibit
decreased traﬃc noise, reduced maintenance costs, higher
resistance to rutting, fatigue cracking, and thermal cracking
as well as a reduction in the thickness of asphalt overlays and
reﬂective cracking potential [14–21]. However, asphalt
rubber mixtures demand complex modiﬁcation and construction technology, which restricts its wide use. Over the
years, numerous additives have been studied to enhance the
compatibility and reaction of crumb rubber to asphalt so as
to improve the performance of rubber asphalt. Liu et al.
[22, 23] added TOR (transpolyoctenamer rubber active
agent) as an additive to rubber-modiﬁed asphalt. The results
show that TOR reacts with sulfur on the surface of rubber
and asphalt to form a network structure between rubber and
asphalt. Fini et al. [24] added bioadhesive to rubber-modiﬁed asphalt, which promoted cross linking between rubber
and asphalt and improved segregation of rubber-modiﬁed
asphalt. The combination of rubber and polyethylene, such
as high-density polyethylene [25], low-density polyethylene
[26], or recycled polyethylene [27], can improve the hightemperature performance and water stability of rubbermodiﬁed asphalt. The combination of rubber and polyethylene
[28] can improve the low-temperature performance of rubbermodiﬁed asphalt. The rubber and EVA [29], polyphosphoric
acid composite, can eﬀectively improve the storage stability
and antiaging properties of rubber-modiﬁed asphalt. In this
paper, polyamide 6 with excellent compatibility with asphalt is
added to the rubber-modiﬁed asphalt. Although previous
studies have demonstrated that the addition of polyamide 6
has turned out to be a viable choice in asphalt pavements, the
rheological modiﬁcation mechanism and its improvement in
modiﬁcation technology of polyamide 6 additive on crumb
rubber-modiﬁed asphalt have not been clearly understood
yet.
In the study, several conventional and microscopic tests
were carried out. The conventional tests include penetration
test, elastic recovery test, softening point test, Brookﬁeld
viscosity tests, and DSR test. Further, the microscopic tests
include scanning electron microscopy (SEM) test, diﬀerential scanning calorimeter (DSC) test, and Fourier
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transform infrared spectroscopy (FTIR) test. The emphasis
of this study has been placed on analyzing the eﬀects of
polyamide 6 on the rheological properties of CRMA at
diﬀerent temperatures, as well as the rheological modiﬁcation mechanism of polyamide 6 on CRMA. It is exposed
that the research results of this study will beneﬁt the engineering practice of using polyamide 6 technology in
CRMA and improve the content of rubber in modiﬁed
asphalt.

2. Materials Preparation
All raw material models, manufacturers, and methods of
used in this paper are listed in Table 1.
In this paper, 60 mesh rubber powders were selected as
the asphalt modiﬁer, which was produced by crushing truck
tires. Technical performance parameters are listed in Table 2.
The preparation method of rubber powder-modiﬁed
asphalt is divided into the wet method and dry method, and
the wet method is more commonly used. The wet method is
to add rubber as a modiﬁer to the neat asphalt binder. The
dry process uses rubber instead of a portion of the ﬁne
aggregate and is added directly to the asphalt mixture. The
rubber-modiﬁed asphalt produced by the wet method has
high viscosity and elasticity. The dry method is simple to
operate, but the rubber only plays a role in ﬁlling in the
mixture, resulting in poor water stability of the road surface.
In this paper, a rubber-modiﬁed asphalt with polyamide
6 as an additive is prepared by a wet method. The speciﬁc
preparation steps are as follows:
(1) The polyamide is placed in formic acid to be suﬃciently dissolved, wherein the ratio of the mass of the
polyamide to the formic acid is 1 : 10. Then, the
impurity-removed rubber is placed in a polyamide
formic acid solution, wherein the mass ratio of the
polyamide to the rubber powder is 1 : 10; then, the
formic acid is dried in an oven at 105°C and cooled to
room temperature to obtain an activated rubber.
(2) The neat asphalt binder is heated in an oven to a
temperature of 180 to 200°C.
(3) The treated rubber is then dried in an oven at 60°C
and added to the neat asphalt binder.
(4) The high-speed shearing device is used to uniformly
disperse the rubber powder in the asphalt, wherein
the shear rate is 2000 r/min, the temperature is
160–200°C, and the time is 30–90 min.
(5) Finally, the activated rubber-modiﬁed asphalt was
placed in an oven at 135°C for 1 h.

3. Test and Analysis
3.1. Penetration Test. Table 3 can conclude that when crumb
rubber content was 10%, 15%, 20%, and 30%, compared with
the neat asphalt binder, the penetration of crumb rubbermodiﬁed asphalt (15°C) was reduced by 8.7%, 22.7%, 27.4%,
and 33.8.%. As the temperature increased, the penetration
increased. However, as the crumb rubber dosage increases,
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Table 1: Technical indicators of neat asphalt binder.

Index
Penetration (25°C, 100 g, 5 s)
Penetration index (PI)
Softening point (R and B)
5°C ductility
After TFOT
Quality change
Residual penetration ratio (25°C)
Residual ductility (15°C)

Unit
0.1 mm
—
°C
cm

Test result
69.3
−0.825
47.2
>100

Technical requirement
60∼80
−1.5∼+1.0
≥46
>100

Test method

JTG E20 T0606
JTG E20 T0605

%
%
cm

0.20
65
7.8

≤±0.8
≥61
≥6

JTG E20 T0609
JTG E20 T0604
JTG E20 T0605

JTG E20 T0604

Table 2: Technical parameters of rubber powder.
Parameter
Moisture
Ash
Acetone extract content
Strength
Tensile strength
Elongation at break

Property
15°C
25°C
30°C

Penetration
PI

Unit
%
%
%
g/cm3
MPa
%

Result
1.3
9.1
12.9
1.28
17
648

Table 3: Test results of crumb rubber-modiﬁed asphalt.
Crumb rubber (%)
Unit (mm)
0
10
15
26.1
20.4
16.7
69.3
63.3
53.6
0.1
115.4
88.5
79.8
−0.825
−0.425
−0.348

the amplitude increases. The addition of crumb rubber can
reduce the rheological properties of asphalt. It indicates that
the low-temperature crack resistance of crumb rubbermodiﬁed asphalt decreases; that is, the hardness of crumb
rubber-modiﬁed asphalt increases at a low temperature, and
brittle fracture is likely to occur when the crumb rubbermodiﬁed asphalt is stressed at low temperature [30]. As the
content of crumb rubber increased from 10% to 30%, the
penetration index of crumb rubber-modiﬁed asphalt increased from −0.425 to 0.029, indicating that the thermal
sensitivity of crumb rubber-modiﬁed asphalt was improved.
3.2. Force Ductility Test. As Table 4 shows, the ductility of
rubber-modiﬁed asphalt showed a trend of decreasing ﬁrst
and then increasing. As the number of rubbers increases in a
certain range, the rubber particles per unit volume increase,
which tends to cause stress concentration, and the ductility
will decrease within this range. As the rubber powder
content continues to increase, the swelling of the rubber
powder in the asphalt continues to increase, the light
components in the neat asphalt binder are continuously
absorbed, the proportion of the asphaltenes increases, the
neat asphalt binder becomes hard, and the deformation
ability decreases. Moreover, the asphaltene and the rubber
form a network structure, which further enhances the
ﬂexibility of the rubber-modiﬁed asphalt, and the ductility is
improved. The ratio of the ductility to the tension is taken as
the compliance in extension, and the value is used to

Experiment method
HG/TXXX-2001 7.2.2
GB4498
GB/T3516
GB/T533
GB/T528
GB/T52

20
14.6
50.3
66.5
−0.189

30
13.7
45.9
56.5
0.029

measure the low-temperature viscosity and toughness of
asphalt, which can better reﬂect the low-temperature performance of asphalt [31]. Compliance in the trend of extension also further illustrates this phenomenon.
The maximum tensile force can indicate the resistance of
the asphalt to external forces at low temperatures. Unlike the
ductility, the maximum tensile force occurs in the middle
section of the tensile process of the specimen and is less affected by the stress concentration, its physical meaning is clear,
and it has a higher correlation with the maximum tensile stress
of the asphalt pavement at low temperatures [32]. Therefore,
the maximum tensile force can be used to characterize the lowtemperature performance of rubber-modiﬁed asphalt. As
shown in Table 4, as the amount of activated rubber increased,
the maximum tensile force FMax of the rubber-modiﬁed asphalt increased. That is, the low-temperature crack resistance
of the rubber-modiﬁed asphalt is improved.
3.3. Brookﬁeld Viscosity Test. The viscosity at 175°C has a
guiding eﬀect on the actual construction. The higher the
viscosity of the modiﬁed asphalt at 175°C, the higher the
resistance of the asphalt to high temperature and the better
the softening resistance. When the viscosity is too high, the
high-temperature performance of the asphalt is excellent,
but it is not easy to compact during construction, and the
road surface is prone to water damage.
As shown in Figure 1, the greater the rubber content, the
higher the viscosity of the modiﬁed asphalt, because as the
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Table 4: Force ductility test result of crumb rubber-modiﬁed asphalt at 5°C.

Crumb rubber content (%)
0
10
15
20
30

FMax (N)
72.48
80.1
89.5
91.6
93.4

Ductility (cm)
64.34
51.9
48.6
52.2
55.1

Compliance in extension
0.888
0.648
0.543
0.570
0.596

160

3500

140

3000

120
G∗/sinδ (kPa)

2500
2000
1500
1000

100
80
60
40

500

20

0

0

Brookfield rotary viscosity at 175°C
0%
10%
15%

48

20%
30%

3.4. Dynamic Shear Rheological Test. The rutting factor (G∗ /
sin δ) is the ratio of the complex modulus G∗ to the sine of the
phase angle δ. The complex modulus characterizes the ability
of the viscoelastic material to resist deformation, that is, the
magnitude of elasticity. The phase angle characterizes the
stickiness. As Figures 2 and 3 show, the ratio of the two
represents the antirutting ability of asphalt. The greater the
rutting factor, the greater the ﬂexibility of the asphalt and the
stronger the rutting resistance [33]. The greater the rubber
powder content, the greater the rutting factor of the modiﬁed
asphalt. This is because as the rubber content increases, the
elastic particles in the liquid phase of the asphalt increase, the
elasticity of the modiﬁed asphalt increases as the amount
increases, and the probability that the swollen rubber particles
cross each other to form a spatial network structure increases.
The ability to resist external stresses increases.
3.5. Fluorescence Microscopy. In order to further observe the
fusion degree of activated rubber and asphalt, a ﬂuorescence

60
66
Temperature (°C)

0% crumb rubber
10% crumb rubber
15% crumb rubber

Figure 1: Brookﬁeld rotary viscosity of crumb rubber-modiﬁed
asphalt (MPa·s).

72

78

20% crumb rubber
30% crumb rubber

Figure 2: Rutting factor G∗ /sin δ with diﬀerent temperatures.

90
85
80
δ (°)

amount of activated rubber increases, a large amount of light
components in the asphalt is swollen and absorbed by the
rubber. The asphaltene and gum content is increased, and
the asphalt has a high viscosity.
The Technical Guide for Design and Construction of
Rubber Asphalt and Mixtures stipulates that the hightemperature viscosity of rubber powder-modiﬁed asphalt
should be between 1000 and 3000 MPa s. When the rubber
content is 30%, the speciﬁcation is not satisﬁed.

54

75
70
65
60
55

45

50

55

60
65
70
Temperature (°C)

0% crumb rubber
10% crumb rubber
15% crumb rubber

75

80

85

20% crumb rubber
30% crumb rubber

Figure 3: Phase angle δ with diﬀerent temperatures.

microscope experiment was carried out. The ﬂuorescent
substance in the sample was stimulated by a certain
wavelength of light to emit ﬂuorescence, and then the
morphology and distribution of the substance were observed
under the microscope [34]. In this paper, the blue light ﬁlter
group is used as the excitation light, and the rubber powder
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will reﬂect the longer wavelength yellow light under the
excitation of blue light, while the asphalt does not excite any
light and is black. Therefore, the phase morphology of the
rubber powder-modiﬁed asphalt can be tested by clearly
distinguishing the rubber powder (yellow-green) and the
asphalt (black) by a ﬂuorescence microscope. In this paper,
the ﬂuorescence microscopy test was carried out on ordinary
rubber powder-modiﬁed asphalt and rubber powder with
additives-modiﬁed asphalt. The results are shown in
Figure 4.
As shown in Figure 4, the ordinary rubber powdermodiﬁed asphalt has obvious yellow bright spots in the
ﬂuorescence microscope photo, and the ordinary rubber
powder is unevenly distributed in the neat asphalt binder,
and there are large particles. The rubber powder with additives-modiﬁed asphalt ﬂuorescence microscope has no
obvious bright spots, the modiﬁed asphalt is in a uniform
state, the rubber powder with additives particles is small, and
the dispersion in the neat asphalt binder is better. The rubber
powder and the asphalt form a stable system. Therefore, it
has been proved by ﬂuorescence microscopy that polyamide
6 acts as a compatibilizer between the rubber powder and the
asphalt, increasing the compatibility of the rubber powder
with the neat asphalt binder.
3.6. Scanning Electron Microscopy. The scanning electron
microscopy of the rubber powder before and after activation
was carried out, and the magniﬁcation was 1500 times, as
shown in Figure 5.
The following can be seen from Figure 5:
(1) The surface of the unactivated rubber powder is
relatively smooth, and the surface of the rubber
powder activated by the polymer coating is rough,
exhibits a certain ﬂoc structure, and has many
grooves and convex portions, and the rough surface
has a large surface. The speciﬁc surface area can
improve the swelling eﬀect of the light component of
the rubber powder in the asphalt and improve the
storage stability of the rubber powder-modiﬁed
asphalt.
(2) There is no microattachment on the surface of the in
rubber powder with additives, but there are many
microattachments on the surface and groove of the
rubber powder with additives coated with polymer,
and the attachment is evenly distributed, which
indicates that polyamide 6 is uniformly coated on the
surface of the rubber powder.
(3) The surface of the coated activated rubber becomes
rough, which will make it better to blend with the
asphalt and also better blend it with other analogs. It
can not only improve the strength of the rubber track
base layer but also promote the fusion of the rubber
track base layer and the surface layer and also increase the consumption of waste rubber, which is
conducive to environmental protection.
In order to more clearly observe the degree of bonding
between activated rubber and asphalt, the paper examined
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the scanning electron microscopy of ordinary rubber
powder-modiﬁed asphalt and activated rubber powdermodiﬁed asphalt. The results are shown in Figure 6.
As shown in Figure 6, although the ordinary rubber
powder-modiﬁed asphalt is physically shear-dispersed, the
system still contains large unswelled irregular rubber
powder particles, and the rubber powder has a clear interface
with the asphalt, and the dispersion is uneven. It is easy to
aggregate, while the unswelled rubber particles in the activated rubber powder-modiﬁed asphalt are small, the interface is fuzzy, and the rubber powder with additives is
uniformly dispersed in the asphalt. It can be seen that the
polymer coated on the surface of the rubber powder with
additives can eﬀectively improve the compatibility of the
rubber powder with the asphalt and improve the swelling
degree of the rubber powder in the asphalt.
3.7. Infrared Scanning. Through the previous tests, it can be
found that the treated waste rubber can be well fused with
the asphalt, but the process is a physical reaction or a
chemical reaction, which requires further exploration.
Therefore, the infrared spectroscopy test was carried out in
this paper, which is aimed at 90# neat asphalt binder,
common. The three kinds of asphalts, rubber powdermodiﬁed asphalt, and activated rubber powder-modiﬁed
asphalt, were tested by infrared spectroscopy. The results are
shown in Figure 7.
As shown in Figure 7, the infrared spectra of neat asphalt
binder show strong absorption peaks mainly in the range of
2800–3000 cm−1 and 1300–1700 cm−1. The absorption peaks
at 2849 cm−1 and 2918 cm−1 are the strongest in the range of
2800–3000 cm−1, which are mainly caused by C-H bending
vibration of naphthene and alkanes at 2849 cm−1, while the
absorption peaks at 2918 cm−1 are caused by C-CH2stretching vibration; in the range of 1300–1700 cm−1, the
absorption peaks at 1599 cm−1, 1455 cm−1, and 1370 cm−1
are the strongest, and the absorption peaks at 1599 cm−1 are
caused by benzene ring skeleton. Conjugated double bond
C�C bond stretching vibration and C�O bond absorption
cause, the absorption peak at 1455 cm−1 is caused by C-H
bending vibration; the absorption peak at 1370 cm−1 is the
result of C-H in-plane stretching vibration in-CH2-1; the
peak below 1000 cm−1 is the absorption peak of unsaturated
C-H out-plane vibration, in which the range of
650–910 cm−1 is also called benzene ring substitution zone of
asphalt, mainly caused by C-H out-plane swaying on benzene ring.
According to the interpretation of infrared spectra of
neat asphalt binder, the composition of asphalt is very
complex, including saturated aromatic hydrocarbons such as
alkanes and naphthenes, as well as aromatic compounds and
heteroatom derivatives such as O. Compared with infrared
spectra of neat asphalt binder and modiﬁed asphalt with
ordinary rubber powder, infrared spectra of neat asphalt
binder are almost the same as those of modiﬁed asphalt with
activated rubber powder. It can be seen that the peaks of
rubber powder at 2913 cm−1, 2845 cm−1, 1421 cm−1, and
1370 cm−1 are similar to those of asphalt and are covered by
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(a)

(b)

Figure 4: Fluorescence microscopy photo of ordinary rubber powder-modiﬁed asphalt and rubber powder with additives-modiﬁed asphalt:
(a) ordinary rubber powder-modiﬁed asphalt; (b) rubber powder with additives-modiﬁed asphalt.

(a)

(b)

Figure 5: Electron microscopic scan of ordinary rubber powder and rubber powder with additives: (a) ordinary rubber powder (1500x); (b)
rubber powder with additives (1500x).

asphalt peaks, and there are no new peaks, indicating that
rubber powder is added to the base. There is hardly any
chemical reaction in asphalt, which belongs to physical
blending [35].
Compared with neat asphalt binder, three peaks of
3295 cm−1, 1633 cm−1, and 1537 cm−1 appeared in activated
rubber powder-modiﬁed asphalt. Compared with the infrared spectra of activated rubber powder in Chapter 2, it can
be seen that the peaks at 3295 cm−1 are N-H bond absorption
peaks, at 1633 cm−1 are NH2 amide I absorption peaks, and
at 1537 cm−1 are NH amide II absorption peaks, among
others. The peaks are the same as those of ordinary rubber
powder-modiﬁed asphalt. It shows that polyamide has
existed in modiﬁed asphalt, and there is no new material
except asphalt, rubber powder, and polyamide. There is no
chemical reaction between activated rubber powder coated
with polymer and neat asphalt binder. Because the rubber
runway surface contains rubber, based on the principle of

similar compatibility, the runway surface with rubber will be
better fused to the base, and the activation process does not
produce substances that are not conducive to the fusion.
3.8. Diﬀerential Scanning Test. For the runway, stability is
very important, and the support provided by the runway
should be durable enough. Then, it is very important to
know the stability of the activated rubber runway and
whether there will be corrosion. Based on this, the diﬀerential scanning experiment is carried out in this paper.
With the change of temperature, asphalt shows three
states: glass state, viscoelastic state, and viscous ﬂow state
[36]. When the temperature is lower, the asphalt is in the
glass state; then the asphalt becomes hard solid, showing
brittleness; when the temperature is higher, the asphalt is in
the viscous ﬂow state, and the asphalt becomes viscous
liquid, losing strength; in the middle of the glass state and
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(a)

(b)

(c)

(d)

1599
2918
2849

Rubber powder
Modified asphalt

1537

Visibility (%)

Matrix asphalt

1455
1370

Figure 6: Mirror image of ordinary rubber powder-modiﬁed asphalt and activated rubber powder-modiﬁed asphalt: (a) ordinary rubber
powder-modiﬁed asphalt (×200), (b) activated rubber powder-modiﬁed asphalt (×200), (c) ordinary rubber powder-modiﬁed asphalt
(×500), and (d) activated rubber powder-modiﬁed asphalt (×500).

Activated rubber

4000

3500

3000

2500

2000

1633

3295

Power-modified
Asphalt

1500

1000

500

Wave peak (cm–1)

Figure 7: Infrared spectrum test results.

viscous ﬂow state, there is viscoelastic state, and the asphalt
is between viscosity and elasticity. There are two temperatures at the boundary of the three states: glass transition
temperature and softening temperature. The lower the glass
transition temperature of asphalt, the better the low-temperature performance. On the contrary, the higher the
softening temperature of asphalt, the better the high-

temperature performance. Asphalt and modiﬁed asphalt
belong to multiphase mixtures. When the above three states
change, they will absorb external heat and show an endothermic peak in DSC curve. The magnitude of endothermic
peak energy indicates the diﬃculty of asphalt changing in
this state [37]. The larger the endothermic peak energy is, the
higher the aggregate transformation number is in the corresponding transformation temperature range and the worse
the thermal stability is. The smaller the endothermic peak
energy is, the better the thermal stability of the material is.
In the test process, the DSC temperature-heat ﬂow
curves of neat asphalt binder, ordinary rubber powdermodiﬁed asphalt, and activated rubber powder-modiﬁed
asphalt were measured. The inﬂection point of the curve was
glass transition temperature and softening temperature.
Then the starting and ending points of the endothermic peak
were connected as the baseline of the endothermic peak, and
the area of the endothermic peak was calculated. The endothermic peak energy is the area of the endothermic peak
per unit sample mass [38]. The results are shown in
Figures 8∼10. O is the initial temperature of the endothermic
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Heat ﬂow (mW)

0.5

0.0
O = –0.36 E = 41.65
P = 19.99
A = 0.552 (J/g)

O = 42.58 E = 89.14
P = 50.73
A = 0.294 (J/g)

–0.5
–2.79

–50

41.98

0

50
100
Temperature (°C)

150

200

Heat ﬂow (mW)

Figure 8: DSC results of neat asphalt binder.
1.0
0.5
0.0
–0.5
–1.0
–1.5
–2.0
–2.5
–3.0
–3.5
–4.0
–4.5

O = –6.14
E = 41.59
P = 14.68
A = 0.576 (J/g)
O = 42.82 E = 60.24
P = 48.16
A = 0.60 (J/g)
–12.02

–50

42.15

0

50
100
Temperature (°C)

150

200

Figure 9: DSC results of asphalt modiﬁed with ordinary rubber powder.

0.5

Heat ﬂow (mW)

0.0
–0.5
–1.0

O = –4.30 E = 52.33 O = –53.49
E = 64.37
P = 58.13
P = 20.35
A
=
0.007
(J/g)
A = 0.518 (J/g)

–1.5
–2.0

–11.30

–50

0

52.29

50
100
Temperature (°C)

150

200

Figure 10: DSC results of activated rubber powder-modiﬁed
asphalt.

peak, E is the end temperature of the endothermic peak, P is
the peak temperature, and A is the energy of the endothermic peak. The results are listed in Table 5. In the test, the
sample of neat asphalt binder is 3.2 mg, the sample of ordinary rubber powder-modiﬁed asphalt is 12.3 mg, and the
sample of activated rubber powder-modiﬁed asphalt is
10 mg.
As shown in Table 5, the glass transition temperature of
activated rubber powder-modiﬁed asphalt is lower than that
of neat asphalt binder, but slightly higher than that of ordinary rubber powder-modiﬁed asphalt. It shows that the
activation of rubber powder aﬀects the low-temperature

performance of modiﬁed asphalt but has little eﬀect. The
softening temperature of modiﬁed asphalt with activated
rubber powder is higher than that of neat asphalt binder and
modiﬁed asphalt with ordinary rubber powder at 10 C,
which indicates that activation of rubber powder can improve the high-temperature performance of asphalt. This is
mainly because the activation of rubber powder improves
the swelling degree of rubber powder in asphalt, makes the
cross-linking between rubber powder and asphalt closer, and
improves the high-temperature performance of modiﬁed
asphalt. However, the poor elasticity of polyamide inhibits
the elasticity of rubber powder, resulting in the weakening of
the overall ﬂexibility of modiﬁed asphalt and a slight decrease in the low-temperature performance of modiﬁed
asphalt.
Table 5 shows that the heat absorption peak energy of
neat asphalt binder is high and its thermal stability is poor.
The energy of number 1 endothermic peak of ordinary
rubber powder-modiﬁed asphalt is higher than that of neat
asphalt binder, while that of number 2 endothermic peak
decreases greatly, which indicates that the thermal stability
of asphalt properties becomes worse with the addition of
rubber powder, but the stability of modiﬁed asphalt is
improved at higher temperature. The heat absorption peak
energy of modiﬁed asphalt with activated rubber powder is
much lower than that of neat asphalt binder and modiﬁed
asphalt with activated rubber powder, which indicates that
the properties of modiﬁed asphalt with activated rubber
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Table 5: DSC test results table.

Asphalt type

Number

Neat asphalt binder
General modiﬁed
asphalt
Treated modiﬁed
asphalt

1
2
1
2
1
2

Energy (J/
g)
0.562
0.310
0.581
0.062
0.532
0.008

Temperature
(°C)
19.99
50.73
14.68
48.16
20.35
58.13

Width (°C)

Glass transition temperature
(°C)

Softening temperature
(°C)

−2.79

41.98

−12.02

42.15

−11.30

52.29

−0.36∼41.65
42.58∼89.14
−4.30∼52.33
53.49∼63.37
−6.14∼41.59
42.82∼60.24

powder become stable. This is because after coating and
activation of rubber powder, the compatibility between
rubber powder and asphalt increases, the modiﬁed asphalt is
in a uniform state, and its stability is improved.
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