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Abstract. With the continuous application and popularization of rubber asphalt
material, its excellent performance has been proved by many projects, but the
technology of rubber asphalt is influenced by existing conditions, the dosage of
rubber particle can only reach 20%. The research group successfully prepared
modified asphalt with different dosages of rubber particle (within 30%-40%) by
chemical activation technology, and analyzed the property of asphalt with large
amount of rubber particle. The modification mechanism was also discussed. The
results show that the viscosity of the asphalt with high dosage of rubber particle is
equivalent to that of the asphalt with conventional dosage of rubber particle, and its
low temperature cracking resistance and compatibility are better than the
conventional rubber asphalt. The rutting resistance of high temperature modified
asphalt with high dosage of rubber particle decreases slightly, but its fatigue limit
temperature is lower than the of conventional high dosage rubber asphalt, and it has
a lower glass transition temperature and can be used in cold climate.

Keywords. Rubber-modified asphalt, high content, performance, dynamic
thermodynamic analysis, super pave PG grading

1. Introduction

With the increasing demand for highway transportation, there are higher requirements
for pavement performance, and the demand for road asphalt is also increasing day by
day. All kinds of modified asphalt products are widely used. The result display that the
rubber asphalt has excellent performance and reduces the production cost [1-4]. The
waste automobile tire is also recycled, which has good environmental benefits. However,
the existing content of particle rubber asphalt is low, which can only replace asphalt in a
small amount. Rubber asphalt also has problems in stability, and its performance still has
great room for improvement [5, 6].

Various studies show that the degree of activation of rubber particle will affect the
comprehensive properties of particle rubber asphalt. Under high-speed shear and high
temperature conditions, the rubber particle polymer began to depolymerize and dissolve
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into the asphalt. However, when the amount of glue particle is very large, it is difficult
to disperse evenly in asphalt [7, 8]. So, it is necessary to improve the content of rubber
particle in the production of rubber asphalt. In this study, high temperature chemical
activation technology was adopted to rapidly degrade part of rubber particle in a short
time, and the rubber particle in the asphalt system was degraded to improve the increment
of rubber particle, so as to replace more asphalt. On the basis of preserving the elastic
core of rubber dosage, by reducing the rubber particle’s particle diameter particle in
asphalt and degrading part of rubber particle, the problem of excessive viscosity of
rubber asphalt was effectively solved, and its comprehensive performance was improved
[9, 10].

2. Materials and Experimental Methods

2.1. Materials

70# asphalt in this project was supplied by Shell Oil Company. The penetration range is
60-80(0.1 mm). The properties of asphalt are listed in Table 1.

Table 1. Physical and mechanical properties of 70¥ asphalt.

Test Values Test methods
Penetration (100 g, 5s, 25°C)/0.1 mm 70 ASTM D5
Softening Point (R&B)/°C 48.5 ASTM D36
Ductility (15°C, 5 cm/min), cm >100 ASTM D113
Penetration index (PI) -0.6 ASTM D5
Density (15°C)/(g/cm?) 1.032  ASTM D70

A rubber particle commonly used in the market is used in this investigation, in which
the size of rubber particle is controlled from 24 to 32 mesh.

2.2. Preparation of Large Amount of Rubber Particle

In this study, through high-speed shear, under the conditions of different temperatures
and different concentrations of activators, 30% and 40% of the content of particle rubber
asphalt was prepared.

First, we heated the base asphalt to the specified temperature, added the activator,
and then added the rubber particle of different concentrations (20%, 30% and 40%). After
the rubber particle was completely added, the mixture of rubber particle and asphalt
expanded at a certain temperature for a period of time, and then the mixture was cut at a
certain rate for a period of time. Then we added the stabilizer to the asphalt, and sheared
again.

3. Physical Tests
Table 2 indicates that as the rubber particle content increased, the viscosity of the

modified asphalt improved, but the increament is not large, which shown that the scheme
of the research group is feasible to decrease the viscosity of the high dosage rubber
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asphalt. Compared with the conventional 20% rubber asphalt, the high dosage rubberized
asphalt binder is softer (better penetration), which is caused by a large amount of
degradation of the rubber particle. When the penetration of the high dosage rubberized
asphalt binder increased, the softening point remained basically the same, which
indicated that high dosage rubberized asphalt retained a certain amount of rubber particle
core while the rubber particle was degraded. The excess rubber particle is decomposed
into natural rubber, which makes the proportion of natural rubber in modified asphalt
gradually increase. Natural rubber has good ductility, so the low temperature ductility of
the modified asphalt is improved. and the degraded natural rubber is similar to the
colloidal component in the asphalt and could be dissolved in the asphalt, which inevitably
make the consistency of rubber particle and asphalt greatly increased particle, so the
separation softening difference is gradually decreased. With the increment of rubber
particle content particle, the elastic recovery index gradually decreases, this is owing to
the degradation of the rubber particle, which causes the rubber particle to alter from a
three-dimensional netlike structure to a chain structure and from a hard elastic body to a
plastic elastic body. The mass loss of modified asphalt after aging is reduced, which may
be related to the absorption of small molecules and light components in asphalt. More
rubber particle absorbs more light components and leads to lower quality loss after aging.
In summary, from the above physical properties of high dosage rubberized asphalt binder,
the research group proposed a theory to preserve a certain amount of rubber particle
elastic core, and degrade too much rubber particle to prepare high dosage rubberized
asphalt binder and the idea of improving its performance is feasible.

Table 2. Physical and mechanical properties of high dosage rubberized asphalt binder used in this study.

Values Values Values

Test 20% 30% 40% Test methods
Viscosity (180°C) 2.4 2.8 3.2

Penetration (100G, 5s, 25°C) /0.1 mm 48 64 69 ASTM D5
Softening point (r&b)/°C 72.5 72.0 71.0 ASTM D36
Ductility (5°C, 5 cm/min), cm 12 16 18 ASTM D113
Flexible recovery (%) 89 84 81

Segregation softening point difference (°C) 3.0 2.0 0.5

Film heating test (163°C, 5h) -0.35 -0.3 -0.3 ASTM D1754

4. Superpave PG Grading Test

Table 3 shown that as the rubber particle dosages increase, the high temperature grade
of the rubber asphalt does not change, the low temperature grade decreases, the rutting
factor decreases, the fatigue limit temperature gradually decreases, the creep stiffness of
-24°C gradually decreases, and the value of m gradually increases. This proved the high
dosage of rubber asphalt obviously improves the low-temperature performance and
fatigue resistance of the modified asphalt under the condition of a slight decrease in high-
temperature property, which is basically the same as the conclusions rubber asphalt’
properties.



912 L. Zhang et al. / Study on Properties of Modified Asphalt with Large Amount of Rubber Particle

Table 3. PG of modified asphalt with different content of the rubber particle.

Dosages of the G*/sind (kPa) G*/sind (kPa) G*sind<5000  Creep stiffness

g::gzi: z‘;}")b“ PG ggoc RTFOT 88°C temperature (°C) (MPa)-24°C  ™24°C
20 88-28 1806.7 3017.8 16 329.5418 0.2897
30 88-34 16838 34295 13 201.9205 0.3054
40 88-34 1421.6 276722 10 166.9801 0.3147

5. Dynamic Thermodynamic Analysis (DMA) Test

The research group conducted dynamic mechanical analysis experiments on rubber
asphalt with different dosages and matrix asphalt, which evaluated the cryogenic
property of different modified asphalts. Figure 1 shown that the glass transition
temperature of the matrix asphalt is -0.5°C, and the glass transition temperatures of the
modified asphalts respectively being added with 20%, 30%, and 40% of the rubber
particle are -8.4°C, -12.6°C, and -14.8°C, indicating that the adding of rubber particle
can significantly reduce the glass transition temperature of asphalt and broaden the low
temperature range of asphalt, of which 40% rubber asphalt has the lowest glass transition
temperature. This is consistent with the conventional performance index of the asphalt
and the result of the PG classification: the high dosage rubberized asphalt binder has
more excellent low-temperature properties.

T (70#)= -0.5°C
T (20%)= -8.4°C
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Figure 1. Dynamic mechanical spectrum of modified asphalt.

In addition, the tand of each material (i.e., the proportion of loss modulus to storage
modulus) can be known from Figure 1. The tand represents the internal friction of the
material at a certain temperature. The larger the tand, the greater the internal friction of
the material, the better the damping performance, the better the damping effect, and the
material is less likely to fracture under low temperature load.

When the temperature is higher than T temperature, there is no data of pure asphalt
soon in the tand curve, while there is still data of rubber asphalt. This is because the
temperature is higher than the T, the materials will change from the glass state into a
viscous flow state, spline becomes very soft and does not produce the function of force
response, so the curve has no data after vitrification temperature, but the rubber asphalt
contains a lot of elastic rubber particle and carbon black, still can have a response to
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force. Therefore, the curve is not suitable for analyzing the viscoelasticity of asphalt and
modified asphalt above vitrification temperature.

The tand value of the material below the glass transition temperature can be read
from Figure 1, which can be compared with its damping performance. At -20°C, the tand
value of the basis asphalt, 20% rubber asphalt, 30% rubber asphalt, and 40% rubber
asphalt particle was 0.0695, 0.0952, 0.1189, 0.1126 respectively. It shows that the shock
absorption performance of rubber asphalt is better than the pure asphalt, and the shock
absorption performance of high dosage rubber asphalt is the best. At -30°C, the tand
value of the basis asphalt, 20% rubber asphalt, 30% rubber asphalt, and 40% rubber
asphalt was particle was 0.046, 0.071, 0.087, 0.097 respectively. The results proved that
the 40% rubber asphalt particle has the best shock absorption performance.

6. Conclusions

(1) On the basis of preserving the elastic core of rubber particle, the particle size of rubber
particle is decreased and part of rubber particle is degraded, so as to ensure the viscosity
of the asphalt with ultra-high rubber content particle increases less.

(2) The storage persistence, cryogenic property and fatigue of the modified asphalt
with ultra-high content rubber particle are significantly improved when the high
temperature performance is slightly reduced.

(3) With the increment of rubber particle, the glass transition temperature of ultra-
high dosage of rubber asphalt gradually decreases, and its cryogenic property and shock
absorption performance are better than those of conventional content of rubber asphalt.
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