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Abstract: A stabilized rubber powder-modified asphalt was provided for the field of rubber asphalt,
and the optimal blending amount of stable rubber powder was determined from indicators, such as
penetration, penetration index, ductility, softening point, and viscosity at 135 ◦C. The viscoelastic
curve was measured, and the thermal storage stability test showed that the stabilized rubber powder-
modified asphalt has significant thermal storage stability. The specific surface area, scanning electron
microscope, and differential scanning calorimeters were used to analyze the dispersion state and
aggregation state of the rubber powder particles in the stabilized rubber powder-modified asphalt,
etc. The swelling state and reaction mechanism of the rubber powder in the stabilized rubber powder-
modified asphalt have been characterized. The results show that the temperature sensitivity of the
asphalt was improved after the stabilized rubber powder was added. The content of the stabilized
rubber powder was determined to be 30%, which effectively reduces the viscosity at 135 ◦C, and
the workability is improved; the impact of rubber powder-modified asphalt was less than that of
ordinary rubber asphalt, but the temperature should be strictly controlled to ensure the viscosity
of stable rubber powder-modified asphalt; the specific surface area comparison test shows that the
stable rubber powder has better performance than ordinary rubber powder and asphalt matrix. The
advantage of having a larger contact area enhances the compatibility of stabilized rubber powder with
asphalt; scanning electron microscopy and differential scanning calorimeters test results show that the
stable rubber powder-modified asphalt is mainly based on the compatibility mechanism, and a series
of processes, such as oil absorption swelling-high temperature shear-compatible dispersion, occur.

Keywords: road engineering; stabilized rubber powder-modified asphalt; viscosity-temperature
curve; microscopic morphology; thermal stability

1. Introduction

The excellent performance of ordinary rubber asphalt has been proven in a large num-
ber of engineering practices. However, in accordance with the government’s environmental
protection, energy conservation and emission reduction policies have been introduced.
The traditional production methods and use effects of rubber asphalt have been exposed
to obvious drawbacks and shortcomings. It has gradually been unable to meet the needs
of highway asphalt pavement construction under the current environmental protection
situation, and its further development has been severely restricted. The main problems are
the limited sources of rubber powder in traditional rubber asphalt, poor high-temperature
storage stability, high processing temperature, high energy consumption, and serious flue
gas pollution [1–3]. The main reason is due to the obvious differences in physical and
chemical properties between asphalt and rubber powder, which makes the compatibility
of rubber powder and base asphalt poor, resulting in high viscosity, poor fluidity, poor
dispersion, and difficulty in ordinary rubber asphalt. The shortcomings include the mixing
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of the mixture and the difficulty of compacting the road surface. It is easy to produce
stratification and segregation between the rubber powder particles and the asphalt, and the
disadvantage of poor high-temperature storage stability is caused. It also makes it neces-
sary to process and mix the ordinary rubber asphalt on site, which cannot be transported as
a finished product for long distances. The industrialization process and application scope
of rubber asphalt are severely limited by the above-mentioned shortcomings [4,5].

At present, the research of Ghazi G. Al-Khateeb [6] shows that the complex shear
modulus, rutting factor, and fatigue parameters of asphalt are improved by adding rubber
powder, and the rutting resistance and fatigue resistance of the asphalt binder are improved.
Zhou Tao [7] and others studied the physical and chemical changes of modified asphalt
before and after aging and its aging mechanism. Modified asphalt prepared by microwave-
activated rubber powder was found. Microwave activation made the swelling reaction
of rubber powder more violent. Kyu-Dong Jeong [8] et al. studied the performance
changes of rubber asphalt at different dosages and temperatures and found that the greater
the amount of rubber powder, the greater the content of macromolecules in the asphalt,
which is mainly due to the swelling of rubber powder due to oil absorption and swelling
in the asphalt. The content of light components is reduced. I.M. Ibrahim [9] studied
the preparation of rubber asphalt after pretreatment of waste rubber powder by gamma
rays and proved that the rubber asphalt prepared by pretreated rubber powder in terms
of high- and low-temperature performance and anti-aging performance is significantly
improved than ordinary rubber asphalt. Taha Ahmed [10] showed that the performance
level of asphalt binder can be significantly improved by adding rubber powder to the
base asphalt. However, part of the excessive rubber powder content is free in the asphalt
and cannot be completely integrated with the asphalt. Juan Gallego [11] was able to
reduce the compaction and storage temperature of asphalt rubber mixture by adding a
warm mixing agent to asphalt rubber. Energy consumption and greenhouse gas emissions
have been effectively reduced. The research of Shatanawi [12] showed that compared
with ordinary rubber asphalt, the thermal storage stability of rubber asphalt prepared
by using desulfurized and activated rubber powder was significantly improved. Wang
Xiaofeng [13] uses different rubber powder types, SBS, and its content as variables. The
three major indexes of modified asphalt, mechanical indexes, storage stability, and other
performance characteristics and modification mechanism were analyzed. The results
showed that the rubber powder content of vulcanized rubber powder-modified asphalt has
strong sensitivity. Zhang Xiaoliang [14] studied the waste tire rubber powder after being
treated with Trans-Polyoctenamer Rubber (TOR). It can be effectively improved for high-
temperature performance and elastic recovery ability of rubber powder-modified asphalt,
and the compatibility and stability of rubber powder and asphalt were also improved. Li
Bo [15] found that the viscosity of rubber asphalt is directly affected by the characteristics
of waste rubber powder. The performance of rubber asphalt can be improved by rational
selection of waste rubber powder from different sources. Dong Bo [16] found that the
compatibility of stable rubber powder and asphalt was significantly enhanced, the viscosity
was significantly reduced, and it had good aging resistance and thermal storage stability.
Zhang Qing [17] introduced in detail the application of micro-characterization techniques,
such as thermo gravimetric analysis method and micro-morphology analysis method, in
the research of rubber asphalt-modification mechanism. The micro-mechanism of rubber
powder-modified asphalt has provided a reasonable reference.

At present, the stable rubber powder-modified asphalt is still an innovative application
in the field of rubber asphalt, and the relationship between the reaction mechanism and
the microstructure morphology of the stabilized rubber powder-modified asphalt has been
seldom studied. Therefore, indicators, such as penetration, penetration index, ductility,
softening point, and viscosity at 135 ◦C, are used in this article to determine the optimal
content of desulfurization rubber powder. Specific surface area analysis, scanning electron
microscopy, thermal storage stability test, and differential scanning calorimetric are used
to determine the dispersion state and aggregation state of rubber powder particles in the
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stabilized rubber powder-modified asphalt and the viscosity temperature of the stabilized
rubber powder-modified asphalt. The curve is constructed, and the swelling state and
reaction mechanism of the rubber powder in the stabilized rubber powder-modified asphalt
are characterized.

2. Materials and Methods
2.1. Experiment Material
2.1.1. Base Asphalt

The performance of different grades of base asphalt and the modified asphalt produced
by the same modifier is quite different, so the first task is to select a base asphalt with
good compatibility with stable rubber powder [18]. Asphalt often used in the design
of high-grade pavements in Northwest China has been taken into consideration. South
Korea’s SPC-90# bitumen was selected as the base bitumen in this article. Its basic physical
properties are shown in Table 1.

Table 1. Basic indexes of SPC-90# base asphalt.

Technical Index Penetration (25 ◦C,
100 g, 0.5 s)/0.1 mm

Softening
Point/◦C

Ductility
(5 cm/min,
15 ◦C)/cm

Dynamic
Viscosity at
60 ◦C/Pa·s

Measured value 87.9 47.6 >100 161.6
Requirements [19] 80–100 >45 >100 >160

2.1.2. Stable Rubber Powder

At present, ordinary rubber powder is a waste tire rubber powder commonly used in
rubber asphalt modification technology. It is a vulcanized rubber powder that is crushed
and ground at room temperature. This article uses 40 mesh vulcanized rubber powder,
as shown in Figure 1. The rubber powder used in this article is a stable rubber pow-
der, as shown in Figure 2, which is produced by the corresponding vulcanized rubber
powder through a purely physical thermo mechanical-twin screw extrusion method. All
physical and chemical indexes of stable rubber powder should meet the requirements of
Tables 2 and 3.
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Figure 1. Ordinary rubber powder. Figure 1. Ordinary rubber powder.

The stable rubber powder is produced by a purely physical thermo mechanical twin-
screw extrusion method. After a large shear force in the desulfurization process, various
filler systems in the rubber powder are destroyed, and the obvious rubber powder particles
appear as spherical. Although there are still a great deal of irregularities on the surface,
the burr-like substances on the surface are reduced. The outer diameter of the particles
is relatively uniform and fluffy, and the adsorption and infiltration of asphalt and stable
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rubber powder is promoted. In addition, the stable rubber powder is re-extruded and
pelletized by waste rubber. It can be seen from Figure 2 that the particle size specifications
of the stable rubber powder are not uniform. The largest particle size exceeds 8 mm, and
the smallest particle size is less than 3 mm.
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Figure 2. Stable rubber powder.

Table 2. Physical and technical requirements of stable rubber powder [20].

Pilot Projects Relative
Density

Moisture
Content/%

Metal
Content/%

Fiber
Content/%

Skills requirement 1.10~1.30 <1.0 <0.05 <1.0
Experiment method JT/T 797 GB/T 19208 JT/T 797 GB/T 19208

Table 3. Chemical technical requirements for stable rubber powder [20].

Pilot Projects
Natural
Rubber

Content/%
Ash /% Acetone

Extract/%

Carbon
Black

Content/%

Rubber
Hydrocarbon

Content/%

Skills requirement ≥25 ≤9 ≤22 ≥24 ≥42
Experiment

method GB/T 14837 GB/T 4498 GB/T 3516 GB/T 14837 GB/T 14837

2.1.3. Other Materials

In order to effectively evaluate the basic performance of stabilized rubber powder-
modified asphalt and its mixture road performance. In this test, two modified asphalts
commonly used in northwestern China were selected as comparative tests. The perfor-
mance indexes of the two asphalts are shown in Table 4.

Table 4. Basic indexes of ordinary rubber asphalt and SBS-modified asphalt.

Technical Index
Penetration
(25 ◦C, 100 g,
0.5 s)/0.1 mm

Softening
Point/◦C

Ductility
(5 cm/min,
15 ◦C)/cm

Dynamic
Viscosity at

180 ◦C/135 ◦C/Pa·s
Ordinary rubber asphalt 65.1 66.5 8.5 1.194

Requirements 40–80 ≥58 ≥8 1.5~4.0
SBS-modified asphalt 66.0 74.4 38.2 1.550

Requirements 60~80 ≥55 ≥30 ≤3.0
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2.2. Sample Preparation

At present, the preparation parameters of rubber modified asphalt are: the shear speed
is 5000~6000 r/min, the preparation temperature is controlled at 165~175 ◦C, the shear
time is about 60 min, and the development is 45~50 min in the 175 ◦C oven.

2.3. Characterization Methods
2.3.1. Physical Performance Test

According to the test method stipulated in the Asphalt and Asphalt Mixture Test
Regulations, the basic performance tests of the stabilized rubber powder-modified asphalt
include penetration, softening point, ductility, and rotational viscosity, etc., according to
the “Highway Engineering Asphalt and Asphalt Mixture”. T0604, T0606, T0605 and T0628
in the “Material Experiment Regulations” (JTG E20-2019) [19]. In addition, without special
explanation, the penetration, ductility, and rotational viscosity mentioned in this article are
performed at 25 ◦C, 5 ◦C, and 135 ◦C, respectively.

2.3.2. Determination of Viscoelastic Curve

The Brookfield rotational viscometer was used to test the viscosity of stabilized rubber
powder-modified asphalt at 115 ◦C, 135 ◦C, 155 ◦C, and 180 ◦C. The 21# and 27# rotors
are mainly used in the viscosity test process, and the mass of the sample is 10.0 g and
11.5 g, respectively. The viscosity of base asphalt (VA), ordinary rubber asphalt (AR),
SBS-modified asphalt (SBSMA) and stabilized rubber powder-modified asphalt (DRA) at
different test temperatures were measured. The viscosity-temperature curve is established,
and the law of viscosity and temperature change is obtained.

2.3.3. Thermal Storage Stability Test

The segregation test is used to evaluate the thermal storage stability of the stabilized
rubber powder-modified asphalt, and the difference between the upper and lower sections
does not exceed 2.5 ◦C.

2.3.4. Microscopic Test

Autosorb-6B specific surface area and pore size analyzer is used to test the specific
surface area of the rubber powder after drying the rubber powder in vacuum at 110 ◦C for
2 h. Observe the phase structure of the stabilized rubber powder-modified asphalt through
JSM-6010 LA scanning electron microscope (SEM) observation technology.

2.3.5. Thermal Analysis Test

A comprehensive thermal analyzer produced by NETZSCH in Germany was used to
characterize the changes in the internal aggregation state of the stabilized rubber powder,
and the micro-mechanism of the stabilized rubber powder-modified asphalt was revealed.
The test heating rate is 10 ◦C/min, the nitrogen flow rate is 20 mL/min, and the test
temperature range is from room temperature to 800 ◦C.

3. Test Results and Analysis
3.1. Physical Index of DRA

SPC90# base asphalt was used, and stabilized rubber powder-modified asphalt was
prepared according to five weight ratios of 21%, 24%, 27%, 30%, and 33%. The content of
ordinary rubber powder in rubber asphalt is 20%. The basic physical index results were
shown in Table 5.

It can be seen from Table 5 that compared with the VA penetration of the base asphalt,
the penetration of the stabilized rubber powder-modified asphalt is reduced by about
21.15%, which is a significant decrease. It shows that with the addition of stabilized
rubber powder, the asphalt has a tendency to harden, which reduces the flexibility of the
asphalt. The content of stable rubber powder is increased, and the penetration of DRA is
first increased and then decreased, which shows that the flexibility of DRA is effectively
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improved within 21%~27% of stable rubber powder. The penetration index reaches the
maximum when the rubber powder content is 27%. The main reason is that the solubility
of the stable rubber powder in the asphalt has a peak. The stabilized rubber powder
absorbs the light components in the asphalt during the initial stage of adding swelling and
decomposition, causing the asphaltene content to increase indirectly. When the content of
the rubber powder exceeds 27%, the more difficult it becomes to dissolve rubber powder
particles that form, which are easy to form. The phenomenon of agglomeration of rubber
powder particles is visually manifested as the residual rubber powder particles obstruct
the penetration of the needle penetration, resulting in a decrease in the penetration value.

Table 5. Physical indicators of stabilized rubber powder-modified asphalt.

Rubber Powder
Content/% Penetration/0.1 mm Cone

Penetration/0.1 mm Ductility/cm Softening
Point/◦C

Viscosity at
135 ◦C/Pa·s

Viscosity at
180 ◦C/Pa·s

21 65.4 39.56 9.5 58.3 1.765 0.551
24 67.2 41.22 11.2 60.2 2.012 0.594
27 69.3 42.23 13.5 63.5 2.421 0.786
30 68.2 42.01 12.8 63.8 2.652 0.858
33 65.9 39.41 10.2 60.5 3.011 0.977
AR 63.1 36.50 8.5 66.5 8.6 1.594
VA 87.9 —— >100 47.6 —— ——

The change trend of the penetration degree of the stabilized rubber powder-modified
asphalt is similar to that of the penetration degree, and both appear to be increased first
and then decreased. It shows that the addition of stabilized rubber powder has a more
obvious change in the flexibility of asphalt, and the cone penetration index reaches the
maximum value when 27% rubber powder is added. The content of stabilized rubber
powder is increased, and the softening point of stabilized rubber powder-modified asphalt
first increases and then decreases, and reaches an extreme value of 63.8 ◦C at 30% content,
which is about 47.6 ◦C higher than the softening point of base asphalt at 47.6 ◦C. At 34.1%,
it can be seen that the increase in the amount of stabilized rubber powder is beneficial to
the improvement of the high-temperature performance of the stabilized rubber powder-
modified asphalt. The content of stabilized rubber powder increased from 21% to 27%, and
the ductility increased by about 42.1%, which was about 145.5% higher than that of base
asphalt at 5 ◦C and 6-cm ductility, and about 58.8% higher than that of ordinary rubber
asphalt. With the increase in the amount of stabilized rubber powder, the Brook-field
viscosity of stabilized rubber powder-modified asphalt at 135 ◦C and 180 ◦C was increased,
but the trend is relatively flat. Compared with ordinary rubber asphalt, the viscosity is
reduced by about 38.9% to 65.6%, and the viscosity of the stabilized rubber asphalt is about
38.9%~65.6%. The 135 ◦C viscosity is not more than 3 Pa·s, which complies with the US
SHRP standard on the viscosity of modified asphalt.

The stabilized rubber powder-modified asphalt prepared with different rubber powder
content was compared. In order to make it have good performance, it was recommended
that the optimal content range of stable rubber powder was 27~30%. The subsequent tests
in this paper adopt 30% content preparation test sample.

3.2. Viscosity-Temperature Characteristic Analysis

The viscosity of VA, AR, SBSMA, and DRA at different test temperatures are measured,
the viscosity-temperature curve is established, and the law of viscosity and temperature
changes are obtained. The test results are shown in Figures 3 and 4.
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The fitting formula is based on the mixing viscosity at 0.17 ± 0.02 Pa·s (blue dotted line
range) and compaction viscosity at 0.28 ± 0.03 Pa·s (red dotted line range) as the control
index, and the compaction temperature and mixing temperature of different asphalts is
determined [21].

The mixing temperature of ordinary rubber asphalt is the highest, reaching 247~260 ◦C,
and the compaction temperature is also the highest, 232~243 ◦C. The mixing and com-
paction temperature of stabilized rubber powder-modified asphalt is lower than that of
ordinary rubber asphalt, which are 216~220 ◦C and 200~210 ◦C, respectively. The mixing
and compaction temperatures are about 40 ◦C and 30 ◦C, respectively, lower than those
of ordinary rubber asphalt. Its viscosity is equivalent to that of SBS-modified asphalt at
180 ◦C, which can ensure the binding effect of stabilized rubber powder-modified asphalt
on aggregate. It can be seen that the mixing temperature and compaction temperature of
modified asphalt are not suitable for judging the viscosity-temperature curve, but it can be
compared horizontally to show that the mixing temperature and compaction temperature
of stable rubber powder-modified asphalt can be based on ordinary rubber asphalt. The
135 ◦C viscosity of ordinary rubber asphalt reaches 6.589 Pa·s, which is far greater than the
“135 ◦C viscosity not greater than 3.0 Pa·s,” clearly stipulated in the American SHRP code
and China’s asphalt pavement construction code. As we all know, compaction performance
is closely related to the work-ability of asphalt mixture construction. The higher the worka-
bility of asphalt mixture, the better the compaction performance. Ordinary rubber asphalt
is more obvious due to its temperature sensitivity. Especially in winter construction, the
construction temperature needs to be strictly controlled, and the viscosity is ensured to
be in a reasonable range. Otherwise, due to the excessive viscosity during the rolling of
rubber asphalt, the more obvious side swelling, rolling effect, and construction efficiency
will be reduced.

3.3. Thermal Storage Stability

It can be seen from Figure 5 that compared with the softening point difference of
the base asphalt, the softening point difference of the two rubber asphalts does not meet
the requirements of the specification [20]. There are two main reasons: (1) although
most of the rubber particles are swelled and decomposed at high temperature during the
preparation process of rubber asphalt, a small part of the rubber powder particles still exist
in the modified asphalt; and (2) the separation test was not carried out according to the
specifications. It is required to pass the modified asphalt through a 0.3-mm screen. Under
high-temperature storage, the rubber powder particles are moved downwards, and the
softening point indicators of the two rubber asphalts show similar rules; that is, the upper
softening point value is smaller than the lower softening point value. The softening point
difference of the two asphalts was compared. The softening point difference of ordinary
rubber asphalt was as high as 4.8 ◦C, indicating that ordinary rubber asphalt does have
obvious high-temperature storage stability problems. The upper and lower softening point
difference of the stabilized rubber powder-modified asphalt is 2.9 ◦C, which is 39.58%
lower than that of ordinary rubber asphalt, indicating that the use of stable rubber powder
can effectively improve its high-temperature storage stability. This is because the stable
rubber powder undergoes the destruction of the cross-linked grid of the rubber powder
during the desulfurization process and restores many raw rubber characteristics. The
stable rubber powder can fully absorb the light components of the asphalt in a short time
under high-temperature shearing environment and swell and decompose. After reaching
a stable state, the rubber powder swells and decomposes to a very low degree during
thermal storage.
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Figure 5. Segregation test results of different types of modified asphalt.

3.4. Rubber Powder Specific Surface Area Analysis

In general, the specific surface area of rubber powder is closely related to its modi-
fication effect on asphalt. The larger the specific surface area, the larger the contact area
between rubber powder and asphalt, and the more significant the modification effect. The
specific surface area of ordinary rubber powder and stable rubber powder was tested, and
the test results are shown in Figure 6 and Table 6.

Figure 6. BET multi-point analysis diagram of two rubber powders.

Table 6. Test results of specific surface area of two rubber powders.

Rubber Powder Type P/P0/m2·g−1 Langmuir Specific
Surface Area/m2·g−1

BET Specific Surface
Area/m2·g−1

Ordinary rubber powder 0.3292 0.7808 0.5874
Stable rubber powder 0.1775 1.3394 1.0364

Langmuir Equation:
V = VLP/(P + PL) (1)

Among them: V—Adsorption capacity, m3/t; P—Adsorption pressure, MPa; VL—
Langmuir volume, that is, the theoretical maximum adsorption capacity, m3/t; PL—
Langmuir pressure, the adsorption pressure when the volume reaches 0.5 VL, MPa.
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BET Equation:
P
P0

Va·1 − P
P0

=
1

Vm·c +
c − 1
Vm·c ·

P
P0

(2)

Among them: Vm—Monolayer adsorption capacity, cm3-STP·g−1; Va—Nitrogen
adsorption capacity, cm3-STP·g−1; P0—Saturated vapor pressure, kPa; P—Balance pressure,
kPa; C—Constant related to the net molar heat of adsorption of nitrogen.

The data in Figure 6 and Table 6 are combined, and the Langmuir formula (Equation (1))
is calculated according to the calculation, and the specific surface area of ordinary rubber
powder is 0.7808 m2/g, and the specific surface area of stable rubber powder is 1.3394 m2/g.
The BET formula is calculated according to (Equation (2)), the specific surface area of ordi-
nary rubber powder is 0.5874 m2/g, and the specific surface area of stable rubber powder
is 1.0364 m2/g. The specific surface area of stabilized rubber powder after desulfurization
activation process is 1.76 times that of ordinary rubber powder, indicating that the desulfur-
ization effect increases the porosity of the rubber powder particles and the surface structure
is fluffier. The intuitive touch is that the stable rubber powder has a certain elasticity.
Therefore, the stable rubber powder has the advantage of a larger contact area between the
ordinary rubber powder and the asphalt matrix, which enhances the compatibility of the
stable rubber powder with the asphalt.

3.5. Analysis of Microscopic Morphology of Stable Rubber Powder-Modified Asphalt

Ordinary rubber powder is made by crushing waste rubber products with shear force
at room temperature, and the surface of the ground rubber has not been severely damaged.
Therefore, the surface of ordinary rubber powder is relatively dense and exhibits relatively
obvious edges and corners, and the contact area with the asphalt matrix is small, and it is
not easy to mix with it. After the stable rubber powder is re-pelleted by the purely physical
thermostatically twin-screw extrusion method, the internal molecular chain is damaged,
the surface of the rubber powder is uneven, showing a fluffy aggregate shape, the specific
surface area is relatively increased, and it is in contact with the asphalt matrix. The area
becomes larger. This is consistent with the analysis results of the specific surface area of the
rubber powder in Section 3.4, as shown in Figures 7 and 8 below.
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Figure 7. Micro morphology of rubber powder (×100).

The two rubber asphalt samples were first subjected to a simple elution process. The
asphalt samples of the same quality were eluted and filtered with organic solvents, and
then, the filter paper was placed in an oven at 100 ◦C and fully dried.

On this basis, the SEM microscopic test was carried out, and the test photo is shown
in Figure 9.
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Figure 9. SEM photos of different types of asphalt. (a) Scanning electron microscope pictures of VA (left ×1000, right ×2000).
(b) Scanning electron microscope pictures of AR (left ×1000, right ×3000). (c) Scanning electron microscope pictures of
DRA (left ×1000, right ×3000).
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It can be clearly seen from Figure 9 that the surface smoothness of ordinary rubber
asphalt and stabilized rubber powder-modified asphalt is different, and the surface is
rougher after adding rubber powder. A large number of solid rubber particles can be
seen in ordinary rubber asphalt (the red circle in Figure 9b is marked as CR). Most of the
rubber powder particles are larger than 0.01 mm, and these particles are in contact with
each other. It can be seen from Figure 9b that the ordinary rubber powder particles have
obvious edges and corners after high-temperature shearing, and the shearing marks are
obvious, and the rubber powder particles have swelled in different degrees of volume. It is
mainly in the form of an enlarged gel particle core with large particles as the center and
small particles distributed around. The main reason is that the rubber particles are cut into
pieces due to mechanical and physical effects. In the stabilized rubber powder-modified
asphalt, the particle state of the rubber powder is significantly reduced and dispersed
evenly (the red circle in Figure 9c is marked as DR), and the surface of the stabilized rubber
powder is relatively fluffy. In the comparison presented in Figure 9b,c, the common rubber
asphalt has a great deal of wrinkles. The rubber powder surface is bright, and the contact
surface with the asphalt is clear, while the stabilized rubber powder-modified asphalt is
smoother. It shows that ordinary rubber asphalt is mainly based on oil absorption swelling
mechanism and network filling mechanism.

3.6. Thermal Stability of Stabilized Rubber Powder-Modified Asphalt

It can be seen from Figure 10 that the thermal analysis pattern trend of the stabilized
rubber powder-modified asphalt is roughly the same as that of the ordinary rubber asphalt,
but the change trend is relatively gentle. The main reason is that the S-S and C-S bonds of
the stable rubber powder have been destroyed under the thermal energy and strong shear
provided by the twin-screw extruder, allowing the vulcanized rubber to recover part of its
plasticity and viscosity. Integrating the DSC curve can obtain the amount of energy required
for the phase transition of the modified asphalt, the stable rubber powder-modified asphalt
requires less energy in the test temperature range of room temperature to 600 ◦C, indicating
that the stable rubber powder has the ability to produce physical and chemical reactions
more easily than ordinary rubber and base asphalt. It can be seen from the TG curve that
the temperature at which the mass loss of the sample occurs is about 220 ◦C, which is
about 30 ◦C earlier than ordinary rubber asphalt. On the one hand, it is because the stable
rubber powder and asphalt are more compatible, and the material exchange between the
two is faster. On the other hand, since the content of natural rubber (NR) in the stable
rubber powder is higher than that of the ordinary rubber powder, as the decomposition
temperature increases, the chain scission process of the rubber powder-modified asphalt
first occurs at the structure where NR exists. The interaction between them is more intense.

Figure 10. Thermal analysis spectra of two rubber asphalt.
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4. Conclusions

(1) Experimental studies have shown that the temperature sensitivity of the stabilized
rubber powder added to the asphalt has been improved, the high- and low-temperature
performance has been improved, and the problem of excessive viscosity at 135 ◦C has been
effectively reduced. According to the test results, the recommended dosage is 30% stable
rubber powder.

(2) As the test temperature is lowered, the Brookfield viscosity of the stabilized rubber
powder-modified asphalt is continuously increased. However, the range of change is
smaller than that of ordinary rubber asphalt, so the temperature control should be strict to
ensure the viscosity of the stabilized rubber powder-modified asphalt.

(3) The specific surface area comparison test shows that the stable rubber powder has
the advantage of larger contact area between the ordinary rubber powder and the asphalt
matrix, and the compatibility of the stable rubber powder with the asphalt is enhanced.

(4) Scanning electron microscopy and differential scanning calorimetry test results
show that the compatibility mechanism is the main stable rubber powder-modified asphalt.
The series of processes of oil absorption swelling, high-temperature, shear-compatible dis-
persion are mainly occurred. The microscopic morphology and aggregation transformation
of the stabilized rubber powder-modified asphalt are analyzed. The oil absorption swelling
mechanism is the main reason for the stable rubber powder-modified asphalt in the initial
preparation stage, and the compatibility and stability mechanism is mainly used in the
thermal storage stage.
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