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Recycled asphalt pavement (RAP) can be used in highway engineering again by cold recycled technology. Due to the aged asphalt
on the surface of RAP, some problems such as poor adhesion between emulsified asphalt and RAP and the low properties of
emulsified asphalt recycling mixture are easy to occur. 1is work aims at analyzing the aging degree of asphalt from RAP surface
and improving the poor adhesion between RAP and emulsified asphalt by modifying the surface characteristics of RAP. In this
work, a new device was designed to delaminate off the asphalt on the surface of RAP.1e aging degree of asphalt at different layers
was studied then by physical properties andmolecular weight distribution. Slurry of hydrated lime (Ca(OH)2) (S-Ca) and slurry of
silane coupling agent (SCA) modified Ca(OH)2 (S-Si-Ca) were used to modify the asphalt on the surface of RAP, respectively. 1e
adhesion between emulsified asphalt and RAP was studied by contact angle and boiling method. Results show that the asphalt on
the RAP surface can be successfully stripped into four layers through the self-designed RAP delaminating and stripping device.
1e aging degree of asphalt wrapped around the surface of the RAP showed a tendency to be gradually severe from outside to
inside. However, asphalt at the innermost layer (L4) shows abnormal situation due to the fact that the light components are
absorbed by the aggregate. In addition, reasonable dosage of SCA is determined as 3.0% in Ca(OH)2 powder mass. Both S-Ca and
S-Si-Ca can effectively reduce the contact angle and thus improve the adhesion between emulsified asphalt and RAP. Moreover,
S-Si-Ca possesses the most obvious modification effect attributed to the formation of asphalt-SCA-Ca(OH)2 structure.

1. Introduction

During the service of asphalt pavement, aging can inevitably
occur due to the combined effects of heat, oxygen, sunlight,
and water. 1e utilization of recycled asphalt pavement
(RAP) in the cold recycling process of asphalt pavement
possesses the dual benefits of saving energy and protecting
the environment [1, 2]. However, the application of RAP in
asphalt mixture is highly limited due to the presence of the
aged asphalt on the RAP surface [3, 4], which can reduce the
properties of cold recycled asphalt mixture.

1e surface aging degree of RAP is usually different from
that of the RAP internal [5–7]. It was found that there was a
big difference between the recycled asphalt and the asphalt

because the mineral powder can absorb certain components
in the asphalt [8]. 1e penetration and ductility of the
extracted aged asphalt decreased while the softening point
increased with the increase of the service life of RAP [9].
Although the aging behavior of asphalt on the RAP surface
has been confirmed, the aging degree of different layers of
asphalt has not been distinguished.

1e poor adhesion of the RAP-new asphalt interface has
been an important factor restricting the development of
high-performance cold recycled mixture [10]. Some modi-
fication methods have been used for improving the prop-
erties of cold recycled mixture [11–14]. It is effective to
modify asphalt mixture with a reactive powder [15–17].
Hydrated lime can significantly reduce the polarity
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difference between asphalt and aggregate and improve the
surface free energy of asphalt and the adhesion between
asphalt and aggregate [18]. 1e addition of fly ash can
improve the mechanical property and durability of cold
recycled asphalt mixture [19]. Cement can improve the early
strength and water damage resistance of asphalt emulsion
mixture [20]. In addition, the adhesion between asphalt and
aggregate depends largely on conditions of aggregate min-
erals [21]; SiO2 in aggregate can improve the adhesion
between asphalt and aggregate due to physical adsorption
[22]. For other modifiers, silane and amine can improve the
RAP aggregate-new asphalt interface property [23]. Bio-oil
can improve the high-temperature performance of RAP
mixture in a humid environment [24].

However, most of the above studies are qualitative
evaluation and there are few methods to evaluate quanti-
tatively themodification effect of asphalt on the RAP surface,
and the modification effect of aged asphalt on the RAP
surface is still poor. 1erefore, it is of great value to put
forward one technique to improve the surface properties of
RAP and its adhesion to emulsified asphalt. In this work, the
characteristics analyses of aged asphalt on the RAP surface
were conducted before utilizing RAP to determine the aging
degree and select three appropriate modifiers to improve the
surface characteristics of aged asphalt, which is expected to
obtain the best RAP-new asphalt adhesion and optimize
various properties of recycled asphalt mixtures.

2. Materials and Experimental

2.1. Materials. 1e physical and chemical properties of the
asphalt selected in this paper are shown in Table 1. Emul-
sified asphalt was prepared using a cationic emulsifier and its
properties are shown in Table 2. 1e main properties of the
selectedmodifiers (Ca(OH)2 and KH-550 SCA) are shown in
Table 3 and Table 4, respectively. 1e properties of the
solvent trichloroethylene (TCE) are shown in Table 5.

2.2. Stripping of Asphalt at Different Layers of RAP Surface.
In order to evaluate the performance of asphalt at different
layers of RAP, a kind of self-designed device was developed
in this work, based on the Abson method (T 0726–2011) in
the Standard Test Methods of Bitumen and Bituminous
Mixtures for Highway Engineering in China (JTG E20-2011),
whose specific steps can be consulted from reference [25].
1e device can effectively strip asphalt on the surface of RAP.
In view of the rapid dissolving properties of asphalt in TCE,
TCE was used as a solvent in this work to wash down the
asphalt on the RAP surface layer by layer. As shown in
Figure 1, the asphalt on the RAP surface was divided into
four layers from outside to inside and labeled as layer 1, L1;
layer 2, L2; layer 3, L3; and layer 4, L4, respectively.

1e schematic diagram of the device for stripping asphalt
is shown in Figure 2. 100 g of RAP with a particle size of
13.2mm–19mm was selected and rinsed with water to
remove surface dust and sand as much as possible firstly.1e
washed RAP was placed into the device shown in Figure 2
after drying naturally. 1e RAP was then rinsed with a fixed

volume of TCE. After the TCE completely flowed out, the
dissolved asphalt solution was collected, impurities such as
mineral powder were removed, and asphalt sample was fi-
nally obtained after evaporation of TCE. 1e obtained as-
phalt samples were marked and labeled as L1, L2, L3, and L4,
respectively (as shown in Figure 3).

2.3. Preparation of Modified Slurries. In this work, SCA
solution (S-Si), S-Ca, and S-Si-Ca were used to improve the
surface characteristics of RAP and increase its adhesion to
emulsified asphalt. 1e three modifiers were prepared as
follows:

(1) In order to accelerate the ionization and dispersion
of SCA in the solution, a certain concentration of the
solution was prepared firstly and the formulation
ratio of the solution is shown in Table 6. 1e pH
value of the solution was adjusted to 4 by acetic acid.
After the SCA was hydrolyzed in the solution at
room temperature for 20min, SCA solution (S-Si)
was obtained.

(2) 1e hydrated lime powder and water were prepared
in a mass ratio of 0.3 :100 and placed in a beaker, and
then, the beaker was placed on a magnetic stirrer and
stirred for 30 minutes at 30°C. Finally, slurry of
hydrated lime (S-Ca) was obtained.

(3) 1e hydrated lime possesses highly polar property
and it is difficult to adhere to asphalt under normal
temperature conditions. 1erefore, Ca(OH)2 was
modified in this work. After the prepared S-Si was
mixed with S-Ca, the slurry was stirred at 30°C for
20min to obtain slurry of silane coupling agent
modified Ca(OH)2 (S-Si-Ca). In this work, 1%, 2%,
3%, 4%, and 5% SCA (Ca(OH)2 powder weight) were
used to prepare S-Si-Ca.

2.4. Experiment Methods

2.4.1. Physical Property Tests. 1e physical properties of
asphalt at different layers were tested according to the
Standard Test Methods of Bitumen and Bituminous Mixtures
for Highway Engineering in China (JTG E20-2011), which
includes softening point, penetration at 25°C, and ductility at
25°C. To ensure the reliability of the test data, three samples
were prepared and tested for each of the three tests and the
average value was finally adopted as the test result.

2.4.2. Gel Permeation Chromatography (GPC). GPC is a very
accurate and efficient method for classifying polymers
according to the molecular weight. In this work, polystyrene
with known relative molecular mass was used as a mono-
disperse standard for direct correction; a standard curve was
established and different layers of asphalt were measured
and analyzed according to the standard curve. 1e tem-
perature of the column was set to 25°C; the mobile phase was
tetrahydrofuran; the flow rate was 1.0mL/min; and the
concentration of the sample solution was 2.0mg/ml. A
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normal GPC curve of the asphalt sample is shown in
Figure 4.

Asphalt aging is the aggregation of small molecules to
macromolecules. 1e higher the LMC, the more severe the
aging of asphalt.1e aging degree of asphalt at each layer can

be evaluated by quantitatively calculating the ratio of large
molecular content (LMC). 1e ratio of LMC to the entire
molecular weight is used to quantitatively evaluate the aging
degree of asphalt [25]. 1e LMC can be calculated according
to the following equation:

Table 1: Physical and chemical properties of original asphalt.

Properties Test results Specification values
Softening point (°C) 48.0 ≥46

Penetration (25oC, 100g, 5s) (0.1mm) 71.2 60–80
Ductility (15oC, 5°cm/min) (cm) ≥100 ≥100

Density (15°C) (g/m3) 1.029 —
Mass loss (%) 0.24 −0.8–0.8

RTFOT, penetration ratio (25°C) (%) 65.9 ≥61
Ductility (15°C, 5 cm/min) (cm) 23.9 ≥15

Table 2: Properties of emulsified asphalt.

Properties Test results Specification values

Evaporation residue
Residue content (%) 60.1 ≥55

Penetration (25°C, 100 g, 5 s) (0.1mm) 77.1 50–300
Ductility (15°C, 5 cm/min) (cm) 49.8 ≥40

Storage stability (%, 25°C) 1 d 0.4 <1.0
5 d 4.5 <5.0

Table 3: Composition of hydrated lime.

Composition (%) Ca(OH)2 Chloride Sulfate Magnesium salt Iron element
Mass fraction (%) ≥95.05 0.01 0.2 0.2 0.01

Table 4: Properties of silane coupling agent.

Properties Chromatographic purity (%) Density (25°C) (g/cm3) Refractive index (25°C) (m/s)
Test results 98.1 0.944 1.419

Table 5: Properties of trichloroethylene (TCE).

Properties Exterior Density (g/cm3) Boiling point (°C) Melting point (°C) Molecular weight
Test results Colorless 1.460 87.4 −87.0 131.39

L1
L2

L3
L4

RAP
Surface asphalt

layer

Aggregate

Figure 1: Schematic diagram of asphalt layers on the RAP surface.

1

4 32

5

6

Figure 2: Schematic diagram of the device for stripping asphalt. (1)
Container; (2) RAP; (3) chassis; (4) net-shaped support; (5) re-
ceiving funnel; (6) solution collecting device.
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LMC �
AF5/13C
TAC

× 100%, (1)

where AF5/13C is the area of the first 5/13 of chromatogram
and TAC is the total area beneath chromatogram.

2.4.3. Asphaltene Content Tests. 1e content of asphaltene at
different layers was tested according to the Standard Test
Methods of Bitumen and Bituminous Mixtures for Highway
Engineering in China (JTG E20-2011). In this work,
n-heptane and toluene were used to extract asphaltene. 1e
insoluble was further extracted after the asphalt was
extracted with n-heptane, and then the soluble was extracted
by toluene to obtain asphaltenes.1e asphaltene content was
calculated from the weight ratio of asphaltene to asphalt
sample.

2.4.4. Contact Angle Test between Emulsified Asphalt and
RAP. 1e contact angle measuring instrument, as a com-
monly used device in the research of surface free energy, is
mainly used to measure the wettability of liquid to solid. 1e
adhesion work of the system can be calculated by measuring
the contact angle of emulsified asphalt on the surface of the
mineral. 1e JGW-360BL contact angle measuring instru-
ment was adopted in this work, which mainly includes four
parts: sample test bench, lighting equipment, microsyringe,
and image analysis software.

1e contact angle test process is as follows: the L1 layer
asphalt was heated and melted and then adhered on a
76× 26mm glass slide to form an asphalt film. After cooling,
the slide was immersed in distilled water, S-Si, S-Ca, and
S-Si-Ca, respectively. In order to prevent the precipitation of
solid particles during the soaking process, the slurry needed
to be constantly stirred. 1e temperature of the solution was
controlled at 30°C and the soaking time was 30min. After the

soaking, asphalt sample was left to dry. Finally, the contact
angle between the treated sample and emulsified asphalt was
tested.

2.4.5. Adhesion Test between Emulsified Asphalt and RAP.
1e improved boiling test was used to evaluate the adhesion
of emulsified asphalt to RAP in this work according to the
Standard Test Methods of Bitumen and Bituminous Mixtures
for Highway Engineering in China (JTG E20-2011). Since the
adhesion of emulsified asphalt was not as strong as that of
hot asphalt, relevant improvements were made referring to
the original adhesion test. Some 13.2mm–19mm RAP with
a shape close to cubic were selected and treated with distilled
water, S-Si, S-Ca, and S-Si-Ca, respectively (the process is the
same as that for asphalt in Section 2.4.3).

After treatment, the sample was rinsed with distilled
water and dried naturally. 1en, the treated RAP was im-
mersed in emulsified asphalt for 1min, and after being taken
out, RAP was hung at room temperature for 24 h. 1en the
RAP adhered with emulsified asphalt was placed in a 60°C
water bath for 3min, and the area percentage of asphalt
peeling from the aggregate surface was carefully observed to
determine the adhesion grade. Visual observations were
made immediately once the sample boiling process was
finished. Examination of the sample was conducted under
light and with low magnification in the visual observation of
retained coating. Any thin, brownish, translucent areas were
to be considered fully coated.

3. Results and Discussion

3.1. Physical Properties of Asphalt at Different Layers of RAP.
1e aging degree of asphalt wrapped in different layers on
the surface of RAP is different. In order to study the physical
properties of asphalt at different layers, the penetration,
softening point, and ductility of asphalt samples were tested.
1e test results are shown in Figure 5. In Figure 5, the
softening point of asphalt gradually decreases, while the
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Figure 4: GPC analysis diagram of asphalt.
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Figure 3: Schematic diagram of the RAP rinsing process.

Table 6: Formulation ratio of SCA solution.

Composition KH-550 Ethanol Water
Mass fraction (%) 17.8 63.5 18.7
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penetration and the ductility increase from the outside to the
inside of the aggregate. However, the fourth layer of asphalt
which is in close contact with aggregate shows an increase in
softening point and a decrease in penetration and ductility
compared with the third layer of asphalt. It is mainly due to
the different aging degree of different layers of asphalt.

1e outermost layer asphalt (L1) on the RAP surface
suffers from the most severe aging degree due to more
contact with the external environment such as air, water, and
acid. At the same time, the outer layer of asphalt has a
protective effect on the inner asphalt, which can slow down
the aging of the inner asphalt. As the aging degree deepens,
the dosage of light components in asphalt gradually de-
creases, and the dosage of heavy components gradually
increases. Among the asphalt components, the heavy
components determine the temperature sensitivity, hard-
ness, and other characteristics of asphalt. 1erefore, the
higher the aging degree of asphalt, the harder the asphalt and
the worse its physical properties. 1e main reason for the
deterioration of the physical properties of L4 asphalt is that
the internal aggregate absorbs the oil content of the asphalt,
which reduces the dosage of light components in asphalt and
thus increases the dosage of heavy components in asphalt.

3.2. MolecularWeight Analysis of Asphalt at Different Layers.
1e polymerization reaction can occur between the mole-
cules during aging of asphalt, resulting in the change of
molecular weight. GPC can sensitively capture the change of
molecular weight and thus reflect the aging degree of asphalt
[26, 27]. Figure 6 shows the GPC spectrum of asphalt at
different layers. In Figure 6, the time when the asphalt
molecules at different layers begin to flow out is different.
1e peak positions of asphalt at different layers are also
different. 1e asphalt peak gradually shifts to the left as the
aging degree deepens; that is, the proportion of macro-
molecules in the asphalt sample gradually increases [25].

According to equation (1), the LMC of asphalt at dif-
ferent layers was calculated and the results are shown in
Figure 7. In Figure 7, the macromolecule content in L1 is the
highest, which can reach 15.7%, as well as followed by L2 and
L4, which are 14.7% and 14.2%, and the lowest macro-
molecule content is L3, which can reach 12.9%. 1e out-
ermost layer asphalt of RAP suffers from the most aging due
to the contact with the external environment. As a result of
the absorption of the light components in the asphalt by
aggregate, the heavy component dosage of the L4 layer
asphalt is increased, so the proportion of macromolecules is
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Figure 5: Physical properties of asphalt at different layers: (a) softening point, (b) penetration, and (c) ductility.

Advances in Materials Science and Engineering 5



enhanced. 1e aging of L2 and L3 is lighter due to the less
affection by environmental erosion or aggregate absorption,
so the proportion of macromolecules is relatively small.

From the physical performance results, the softening
point, penetration, and ductility of the L1-L3 layers all
maintained a certain law, but abnormalities occurred in the
L4 layer. It can attribute to the absorption of lightweight
components by the aggregate. 1is is because the molecular
weight of asphalt is closely related to the physical properties
of asphalt. Small molecules can promote the sliding of
molecular chains. 1e higher the proportion of small
molecules in the asphalt, the easier the molecular chain
movement. On the other hand, the higher the proportion of
macromolecules, the stronger the entanglement of molec-
ular chains with each other, and the more difficult the
molecular chainmovement is, and thus the aged asphalt with

higher LMC gradually hardens and its physical properties
decrease.1is can also explain why the physical properties of
L4 asphalt have inflection points.

3.3. Change of Asphaltene Content at Different Layers.
1e chemical composition of asphalt is closely related to its
physical properties.1e higher the content of asphaltene, the
more serious the aging of asphalt and the higher the content
of macromolecule in asphalt. 1e asphaltene was extracted
according to the characteristics of asphaltene that can be
insoluble in n-heptane. Figure 8 shows the asphaltene
content of asphalt peeling from different layers on the RAP
surface.

It can be seen from Figure 8 that the asphaltene content
in L1 is the highest, indicating the L1 asphalt suffered from
the most serious aging. Under the impact of light and heat,
the light components of asphalt gradually change to
asphaltene, resulting in the highest asphaltene content in the
L1. Moreover, the aging degree of inner asphalt is smaller
due to the most external asphalt coating. 1e content of
asphaltene kept a decrease from L1 to L3. However, L4
asphaltene content increased compared with L3, which can
be mainly due to the mineral absorption of light components
rather than the aging condition. L4 is far from the external
atmosphere, so the possibility of L4 being affected by the
external environment and aging is much lower than the
other three layers.

3.4.EffectsofRAPModificationonContactAngle. In contrast
to ordinary aggregate, the surface of RAP has different
adhesion characteristics with emulsified asphalt due to the
existence of asphalt aging film. 1e surface energy be-
tween asphalt and RAP is directly related to the adhesion
characteristics between them from the perspective of
thermodynamics, so the free energy theory can be used to
evaluate the adhesion performance of RAP and predict the
adhesion force between modified RAP and emulsified
asphalt [10].

When liquid comes in contact with solid, the liquid can
have a wetting or adsorption effect on the solid surface due
to the difference in surface energy between them. 1e
contact of emulsified asphalt with RAP can be equivalent to
the wetting process of emulsified asphalt and RAP. 1e
contact angle between emulsified asphalt and RAP can
change as the surface energy of the two changes. According
to Young’s equation, as shown in equation (2), the adhesion
force between the liquid and the solid can be calculated as
long as the surface tension clof the liquid and the contact
angle θ between them are measured. 1e surface tension of
the same test liquid is the same. 1erefore, the smaller the
contact angle, the greater the adhesion force between the
solid and the liquid.

Wa � cl(cos θ + 1), (2)

where Wa is the adhesion of the two substances, clis the
surface tension of the liquid, and θ is the contact angle
between the liquid and the solid.
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Figure 9 shows the effect of SCA dosage on the modi-
fication effect of S-Ca. 1e contact angle between emulsified
asphalt and RAP gradually decreased with the increase of
SCA dosage (0–3%), indicating that the effect of SCA on the
surface modification effect of asphalt has gradually been
improved. However, the contact angle of emulsified asphalt
to RAP gradually increases when the dosage of SCA exceeds
a certain proportion (3%). 1is is because suitable SCA can
adhere Ca(OH)2 solid particles to asphalt surface. However,
the solid particles of Ca(OH)2 can be completely covered by
the SCAwhen the dosage of SCA exceeds a certain limit.1is
is not conducive to the adsorption of Ca(OH)2 solid particles
on emulsified asphalt particles, so the contact angle grad-
ually increases. 1e 3% SCA dosage was selected as a pre-
condition to the formulation of the three modifiers, S-Si,
S-Si-Ca, and S-Ca. After the asphalt was treated by the three
modifiers, the contact angle was tested.

1e contact angle test results after different modification
treatments are shown in Figure 10. In Figure 10, the contact
angle between aging asphalt and emulsified asphalt is 57.8°.
1e contact angle with emulsified asphalt particles after the
S-Si treatment did not decrease, but increased by 1.7°.
However, the contact angles of emulsified asphalt particles
on asphalt surface after S-Ca and S-Si-Ca treatment de-
creased by 3.5° and 10.5°, respectively. It shows that the
adhesion between RAP and emulsified asphalt is improved
after S-Ca and S-Si-Ca treatment. After the S-Ca was
modified with SCA, the contact angle between emulsified
asphalt and RAP is evidently decreased, which indicates that
the adhesion between RAP treated with S-Si-Ca and
emulsified asphalt is the highest.

3.5. Adhesion between Emulsified Asphalt andModified RAP.
1e adhesion of RAP treated by different modifiers to
emulsified asphalt is shown in Figure 11. It can be seen from
Figure 11 that the stripping amount of untreated RAP
surface asphalt after boiling test is the most, and the
stripping amount of RAP surface asphalt after S-Si and S-Ca
treatment decreases. However, the overall stripping area is
more than 30%; therefore, the adhesion grade was

determined as grade II. However, after S-Si-Ca treatment of
RAP, the stripping amount of RAP surface asphalt signifi-
cantly reduced, and the total stripping amount is between
10% and 30%, so the adhesion grade was determined as
grade III.

1e adhesion of RAP to emulsified asphalt is shown in
Table 7. In Table 7, the adhesion grade of emulsified asphalt
and RAP without treatment and treated with S-Si and S-Ca
keeps the same. However, the adhesion grade of emulsified
asphalt and RAP is improved to grade III after treated with
S-Si-Ca. 1e main reason is that the SCA and Ca(OH)2 can
improve the wetting ability of emulsified asphalt to RAP, so
the adhesion of RAP and emulsified asphalt is significantly
improved.

3.6. Mechanism of Adhesion Changes between Emulsified
Asphalt andRAP. 1e effect diagram of themodifier on RAP
is shown in Figure 12. In the cold mixing process of asphalt,
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Table 7: Adhesion results of emulsified asphalt and RAP.

Treated methods RAP surface condition Adhesion grade
Control

Most of the asphalt film is desorbed, and the percentage of stripping area is more than 30%
II

S-Si II
S-Ca II
S-Si-Ca Asphalt film is obviously desorbed, but the percentage of stripping area is less than 30% III
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emulsifier molecules can be adsorbed with inorganic ma-
terials such as aggregate and cement, which can result in the
demulsification of emulsified asphalt.1e droplets of asphalt
would demulsificate and form asphalt film on the surface of
aggregate. However, as shown in Figure 12(a), the hydro-
philic groups on the surface of emulsified asphalt have poor
compatibility with the lipophilic group on RAP surface
asphalt, which hinders emulsified asphalt particles to spread
on the asphalt surface.

As can be seen from Figure 12(b), S-Ca is used as an
intermediate in this paper to tightly connect the aged asphalt
on the RAP surface with emulsified asphalt. At the interface
between aged asphalt and Ca(OH)2, the key point is the acid-
base reaction. Ca(OH)2 has strong alkalinity and can react
with the acidic substances in the asphalt to form calcium
salts. 1ese organic calcium salts have strong polarity and
can form stronger bonds than organic acids or anhydrides
[28]. Moreover, the asphalt containing calcium ion on the
RAP surface can promote the adsorption and demulsifica-
tion of emulsified asphalt and can also enhance the adhesion
between emulsified asphalt and RAP. Calcium exists in S-Ca
in the form of Ca2+. 1e arrangement of extranuclear
electrons of calcium atom is 1s22s22p63s23p64s2, and that of
Ca2+ is 1s22s22p63s23p6. It can be seen from the arrangement
of extranuclear electrons that Ca2+ loses two electrons in the
4s orbit, so Ca2+ has an empty orbit without electrons.
According to the formation conditions of covalent coor-
dination bond, the 4s orbital of Ca2+ will receive two lone
electrons contained in oxygen atom of emulsifier to form
covalent coordination bond when emulsified asphalt is in
contact with S-Ca. 1erefore, the adhesion between aged
asphalt modified by S-Ca and emulsified asphalt increases.

Due to the aging behavior of asphalt, the acidity of the
RAP surface asphalt can be reduced, for the acidic sub-
stances in the asphalt can be decreased by environmental
erosion [29], which can weaken the reaction between aged
asphalt and S-Ca and hinder the formation of calcium salts
and thus can influence the effect of the S-Ca modification.
1e adhesion between emulsified asphalt and RAP was
further increased after RAP was treated by S-Si-Ca. On the
one hand, as shown in Figure 12(c), the hydrophilic group of
SCA can adsorb and form hydrogen bond with inorganic
particles Ca(OH)2. On the other hand, the lipophilic group
of SCA can react with organic substance on the surface of
asphalt to form a chemical bond, which can well adsorb on
the asphalt surface to form the structure of aged asphalt-
SCA-Ca(OH)2-emulsified asphalt so that aged asphalt and
emulsified asphalt can be firmly combined.

4. Conclusions

In this work, a self-designed RAP delamination and stripping
device was applied to separate the asphalt on the RAP surface.
1e properties of asphalt at different stripping layers, such as
penetration, softening point, 25°C ductility, and molecular
weight were studied. In addition, different modification
methods were used to modify the asphalt on the RAP surface
and the modification effect was determined through contact
angle and boiling test. Finally, the mechanism of different

modification methods was analyzed. 1e following conclu-
sions are drawn:

(a) 1e asphalt on the RAP surface was successfully
stripped into four layers through the self-designed
RAP delaminating and stripping device. 1e asphalt
wrapped around the surface of the RAP showed a
tendency to be gradually hardened from outside to
inside. However, asphalt at the innermost layer (L4)
being close contact with aggregate is slightly harder
than that at L3 due to the fact that the light com-
ponents are absorbed by the aggregate.

(b) 1e proportion of macromolecules in L1 layer as-
phalt is the highest, which is followed by L4, L2, and
L3 layers.1is further proves that the aging degree of
asphalt at different stripping layers is different, which
maintains the same as the results of physical
properties. In general, the aging degree of asphalt on
the RAP surface is L1> L4> L2> L3. In addition, the
change rule of asphaltene is consistent with that of
macromolecules.

(c) 1e modification effect is improved at first but then
worsened with the increase of the dosage of SCA.1e
reasonable dosage of SCA is determined as 3.0% in
Ca(OH)2 powder mass. 1e modification effect of
the three different treatment methods gradually
worsens from S-Si-Ca, S-Ca to S-Si.

(d) 1e reason behind the best modification effect for
S-Si-Ca RAP is that the SCA can react with organic
substance on the asphalt surface to produce chemical
bonds. Meanwhile, SCA can bring Ca(OH)2 particles
to the asphalt surface to form asphalt-SCA-Ca(OH)2
structure.
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