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Abstract: To achieve the improving effect of polymer mate-
rial on the sustainability of asphalt pavement materials,
the PW modifier was selected as anti-aging modifier of
asphalt. The microscopic morphology and structural char-
acteristics of polymer modifier were characterized by
using focused ion beam electron microscopy and energy-
dispersive spectrometer. The functional group composition
of the PW modifier was analyzed by Fourier transform
infrared spectroscopy. The PW-modified asphalt was pre-
pared for ultraviolet (UV) aging resistance evaluation. The
microscopic morphology and surface roughness evolution
of polymer-modified asphalt were investigated during the
whole period of UV aging. Under the condition of UV aging,
the functional group composition of polymer-modified
asphalt was studied. The results showed that the micro-
scopic morphology of the PW polymer modifier was mainly
crystal structure, mainly composed of C and O elements. The
PW polymer modifier could improve the aging resistance of
asphalt binder effectively and alleviate the generation of
asphalt microcracks in the process of UV aging. The addition
of PW polymer modifier could inhibit the formation and
accumulation of typical functional group inside asphalt
binder during the UV aging period, which could achieve
the effective control of asphalt UV aging behavior.

Keywords: pavement, asphalt, polymer, UV ageing, perfor-
mance, mechanism

1 Introduction

To fulfill the driving comfort and road performance require-
ments, asphalt mixture is mostly selected as the main paving
material in existing road engineering [1–3]. The asphalt pave-
ment has sufficient viscoelasticity and appropriate strength,
which has the advantages of good stability, smooth surface,
and compactness [4,5]. However, long-term application of
pavement would promote the failure of asphalt pavement,
which is caused not only by unreasonable pavement struc-
ture and unsuitable asphalt materials but also by the coupling
impact of light, heat, oxygen, water, and other external envir-
onmental factors [6–8]. Due to the repeated heating effect on
asphalt mixture during mixing, paving, rolling and other con-
struction processes, irreversible changes in technical perfor-
mance would occur, namely, short-term aging of asphalt
mixture [9,10]. Meanwhile, the coupling impact of light,
heat, oxygen, water, and other external environmental fac-
tors would promote the aging of asphalt pavement material.
After aging, the change of physical andmechanical properties
of the asphalt mixture would leave failure hazards behind for
subsequent application. These problems will accelerate the
damage of asphalt mixture pavement and ultimately affect
the service life of asphalt pavement [11–13].

The existing ultraviolet (UV) aging control solution of
asphalt pavement materials is mainly achieved through
the application of modifiers [14]. The commonly used UV
agingmodifiers mainly include UV absorbers, shielding agents,
free radical trapping agents, and layered bimetallic hydro-
xides (LDHs). There are also differences in the mechanism,
advantages, and disadvantages of different types of modi-
fiers to achieve UV aging resistance of asphalt [15–18]. The
UV absorber is one type of light stabilizer, which could
absorb the UV part of sunlight and fluorescent light sources.
After adding UV absorbent, this high-energy UV could be
selectively absorbed to make it become harmless energy
that could be released or consumed [19,20]. UV absorbers could
be divided into the following categories according to their
chemical structure: salicylates, phenylketones, benzotriazole,
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substituted acrylonitrile, triazine, and others [21]. The shielding
agent could shield the UV radiation and reduce the amount of
UV radiation that finally reaches the asphalt surface for
delaying the UV aging of asphalt [22,23]. The free radical
trapping agent could capture the active free radicals gener-
ated by the molecular bond breaking in asphalt, and destroy
the free radical chain reaction environment of photooxida-
tion aging, which helps delay the UV light aging of asphalt
[24–26]. The special structure of LDHs could endow them
with the excellent functions of multilevel shielding,
reflecting, and absorbing UV light, and could be artificially
inserted into guest substances with specific functions. After
being added into asphalt as a modifier, it could effectively
delay the UV aging process of asphalt [27–29]. Although
the existing modifiers could endow asphalt binder with
anti-aging performance, there are also some application
problems, such as compatibility problems and unstable
application effect. Therefore, it is urgent to propose one
type of modifier with good compatibility with asphalt and
a stable application effect to effectively control the UV aging
behavior of asphalt.

Based on this, PW polymer was selected as asphalt anti-
aging modifier. The microscopic morphology and structural
characteristics of the polymer modifier were characterized
by using focused ion beam electron microscopy (FIB-SEM)
and energy-dispersive spectrometer (EDS). The functional
group composition of the PW modifier was analyzed by
Fourier transform infrared spectroscopy (FTIR). The PW-
modified asphalt was prepared for UV aging resistance eva-
luation. Themicroscopic morphology and surface roughness
evolution of polymer-modified asphalt were investigated
during the whole period of UV aging. Under the condition
of UV aging, the functional group composition of polymer-
modified asphalt was studied. This research will provide a
relevant basis for the application of polymer modifiers in
the control of the UV aging behavior of asphalt pavement
materials.

2 Materials and methodology

2.1 Raw materials

2.1.1 Polymers

In this article, acrylonitrile styrene acrylate copolymer of
UV resistance potential is selected as the asphalt modifier
with the PW-957 (PW) model. The indicators of a PW
polymer modifier are mainly presented in Table 1.

2.1.2 Asphalt

In this study, AH-70# asphalt was selected as the modifica-
tion carrier of a PW polymer modifier, and the technical
indices of AH-70# asphalt are mainly presented in Table 2.

2.2 Methods

2.2.1 Preparation of modified asphalt

AH-70# asphalt was placed in the heating oven of 120°C and
heated for 6 h. Then a certain amount of molten asphalt
was weighed and placed in a clean container, and the con-
tainer was placed on the oil bath heating device at 160°C ±

5°C. A certain amount of PW modifier was weighed and
added into the asphalt. The mixture was sheared and
stirred for 30min using the high-speed shear apparatus at
the speed of 2,000 rpm. Before completion of preparation,
PW-modified asphalt was subjected to insulation treatment
and swelling. The preparation process of modified asphalt is
shown in Figure 1.

2.2.2 Specimen preparation

2.2.2.1 Asphalt film preparation
The asphalt film is prepared by the stripping method for
microscopic characterization, and the preparation process
is shown as follows (Figure 2) [18]. A certain amount of

Table 1: Technical indices of PW polymer modifier

Technical indices Testing value Testing
method

Proportion 1.07 g·cm−³ ASTM D792
Ball indentation hardness (H
358/30)

88.0 MPa ISO 2039-1

Vicat softening temperature 107°C ISO 306/A120

Table 2: Technical indices of AH-70# asphalt

Technical indices Testing value Testing method

Penetration 63.1 (0.1 mm) T0604-2019
Ductility (10°C) 19.3 cm T0605-2019
Ductility (15°C) >100 cm T0605-2019
Softening point 46.9°C T0606-2019
Solubility (trichloroethylene) 99.5% T0607-2019
Wax content 1.1% T0615-2019
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asphalt is poured into the culture dish for UV aging. The
stripping solution (such as trichloroethylene and carbon
disulfide) is placed in a new container. Then, the asphalt
sample after UV aging is inverted in the container con-
taining the solution. Asphalt with different aging layers
could be obtained by dissolving at different times. After
the solvent volatilizing completely, the asphalt in the con-
tainer is dissolved into the film. The asphalt film thickness
could be calculated according to the following formula:

( )
=

×
F

M

π r ρ
,

film

2

where F is the asphalt film thickness,Mfilm is the asphalt film
weight, r is the asphalt film diameter, and ρ is the asphalt
density.

2.2.2.2 Road performance specimen preparation
The preparation method of road performance test specimen
is mainly performed referred to the Test Specification for
Asphalt and Asphalt Mixture in Highway Engineering (JTG
Correct E20-2019).

2.2.3 UV aging experiment

The UV weathering tester is used for UV aging treatment of
asphalt test pieces. The intensity of UV aging irradiance is
1.2 W·m−2, and there are four irradiation tubes providing
UV radiation. For the test specimens of road performance,
only one side of the test specimen is subjected to UV aging
irradiation to simulate the UV radiation condition of the
upper surface pavement. For the microscopic characteriza-
tion specimen, the upper surface of the asphalt film is
irradiated by UV radiation. The UV irradiation time is 75,
150, 225, and 300 h.

2.2.4 Performance test

2.2.4.1 Physical property
Road performance test mainly includes the softening point test,
ductility test, and penetration test. The road performance tests
were performed following the Test Specification for Asphalt
and Asphalt Mixture in Highway Engineering (JTG E20-2019).

2.2.4.2 Rheological property
The rheological performance test adopted the strain con-
trol mode with the controlled strain of 12% and the test
frequency of 10 rad·s−1. The 25mm parallel plates were selected,
and the spacingwas 1mm. The experimental temperature ranged
from 46 to 82°C, and the heating interval was 6°C. After reaching
each set temperature, the test temperature was maintained for
10min, and the shear compositemodulus and phase angle values
were recorded every 2min. Five data points were obtained at
each set temperature, and the average value was calculated.

2.2.5 SEM-EDS test

The microscopic morphology characterization and compo-
sition analysis of polymer modifier and modified asphalt
were carried out by using FIB-SEM and EDS. Before charac-
terization, it is necessary to spray gold on the test piece with
gold spraying equipment to increase its conductivity and
stabilize the imaging quality. The magnification range of
microscopic characterization is from 2,000 to 10,000 times.

2.2.6 Dynamic FTIR test

The chemical composition of the PW polymer modifier and
modified asphalt was analyzed by thermogravimetry-infrared
spectroscopy. The test was conducted in a nitrogen atmosphere.

Figure 1: Preparation process of polymer-modified asphalt.
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2.2.7 AFM test

The surface roughness of the asphalt specimen was character-
ized by Dimension FastScould AFM atomic force microscope.
The characterization scale ranges from 30 to 80 μm (Figure 3).

3 Results and discussion

3.1 Microstructure and element composition
of polymer modifier

3.1.1 Microstructure

Figure 4 shows the microscopic morphology characteriza-
tion results of the PW modifier. It could be seen from the

analysis shown in Figure 4 that the microstructure of the
PW modifier shows an obvious crystal structure. The par-
ticle surface is relatively smooth, and the particle shape is
relatively regular. There are obvious edges and corners
at the same time. After further magnification, it could be
observed that the PW modifier surface has an obvious
lamellar structure and presents a multilayer combination
of microscopic morphology. According to the analysis
of microscopic characterization results, the single-layer
thickness range of the layered structure is about 0.3–1.2 μm.
The particles of different modifiers are relatively inde-
pendent, and there is no obvious agglomeration or contact.
The particle size of the PW modifier is mainly distrib-
uted in the range of 5–26 μm. The particle size of general
particles is about 20 μM, basically consistent with the fine-
ness of PW modifier 700 mesh. PW modifier has obvious
edges and corners. At the same time, the lamellar structure

Figure 2: Preparation method of asphalt film [18].

Figure 3: Testing plan of UV-aged polymer-modified asphalt.
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Figure 4: Micromorphology characterization results of polymer modifier. (a) view field1-2000 times, (b) view field1-4000 times, (c) view field1-5000
times, (d) view field1-10000 times, (e) view field2-2000 times, (f) view field2-4000 times, (g) view field2-5000 times, (h) view field2-10000 times, (i) view
field3-2000 times, (j) view field3-4000 times, (k) view field3-5000 times, (l) view field3-10000 times, (m) view field4-2000 times, (n) view field4-4000
times, (o) view field4-5000 times, and (p) view field4-10000 times.
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gives the particles a larger specific surface area, and the
particles are relatively independent. Therefore, the PW
modifier could form good adhesion and interaction with
asphalt.

3.1.2 Element composition

The PW modifier particles in Figure 4(b) and (n) are
selected as the main characterization objects for EDS ana-
lysis, and the results are shown in Figure 5. According to
the analysis in Figure 5, the main components of the PW
modifier are C and O, and their relative content could

reach more than 98%. At the same time, the chemical com-
position of the modifier also contains a small amount of H
element, and the overall element composition is relatively
simple. From the analysis of element mapping results
(Figure 5(c), (d), (g), and (h)), we could see that the distribu-
tion range and the density of element C are relatively high.
Combined with the results of the energy spectrum analysis
of elements (Figure 5(i) and (j)), its content is obviously
dominant, followed by the O element. EDS characterization
results verified the purity and relatively simple element com-
position of the PW modifier. The pure element composition
also promoted the fusion and interaction between asphalt and
asphalt.

Figure 5: Characterization results of element composition of polymer modifier. (a) scanning position 1, (b) element of scanning position 1, (c) C
element, (d) element, (e) scanning position 2, (f) element of scanning position 2, (g) C element, (h) element, (i) element composition of scanning
position 1, and (j) element composition of scanning position 2.
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3.2 Chemical characters of polymer modifier

Figure 6 shows the dynamic FTIR characterization results
of the PW modifier. The analysis in Figure 6 shows that the
position of the characteristic peak of the PW modifier has
hardly changed because of the difference in the intensity of
the absorption peak caused by the change in temperature,
which shows that the polymer decomposition is reflected
in the amount of products at different temperatures during
the heating treatment. It could be seen from the intensity curve
that there was no material production in the first 35min, and
theweak peak of 3076.29 cm−1 appeared onlywhen the infrared
spectrum curve was marked to 35.07min. The intensity reaches
the maximum value at 38min. In the infrared spectrum, the
accessory shoulder peak appears at 1493.73 cm−1, and the ben-
zene ring stretching vibration appears at 1627.12 cm−1. The
bending vibration of the aromatic ring occurs at 697.23 cm−1,
while the characteristic peak at about 2,800 cm−1 is the C–H
symmetric stretching of −CH2−. With the increase of time, the
intensity of each characteristic peak tends to be almost flat at
43min. There is no obvious change in peak position and the
appearance of new groups in the change of temperature.

3.3 Road performance of UV aged
polymer-modified asphalt

3.3.1 Physical property

Figure 7 shows the pavement performance test results of
base asphalt and PW-modified asphalt under different UV
aging times. According to the analysis shown in Figure 7(a),
with the extension of UV aging time, the softening point of
base asphalt and PW-modified asphalt are significantly
increased. This is mainly due to the increase of the content
of heavy components in asphalt caused by UV aging, which
significantly improves the viscosity of asphalt and thus
increases the softening point of asphalt materials. At the
same time, with the increase of the content of the PW modi-
fier, the softening point also increased to a certain extent, but
the increase rate was relatively small. According to the ana-
lysis shown in Figure 7(b), the ductility of asphalt decreases
significantly with the increase of UV aging time. After aging
for 300 h, the ductility is close to 0, and brittle fracture occurs
during the test. This is mainly due to the volatilization of the
light components in the asphalt after UV aging, the

Figure 6: Characterization results of the chemical composition of polymer modifier. (a) 3D, (b) 2D, (c) infrared spectrum, and (d) G-S curve.
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significant increase of the content of heavy components
such as asphalt, which directly causes the asphalt to harden,
and the obvious reduction of the deformability under low
temperature, resulting in the low-temperature brittle frac-
ture of the asphalt. In this process, PW modifier could sig-
nificantly alleviate the decline of ductility caused by UV
aging and could maintain the ductility of asphalt at a high
level at the early and middle and late stages of aging, both
higher than the ductility of base asphalt. However, the pene-
tration test results are basically consistent with the ductility.
The addition of the PWmodifier improves the deformability
of asphalt and could still maintain good deformability under
the UV aging, so as to balance the high-temperature stability
and low-temperature crack resistance. Based on this, the PW
modifier has a good control effect on the UV aging of asphalt
and could maintain the balance of various road perfor-
mance of asphalt after UV aging, thus ensuring the stability
of service performance.

3.3.2 Rheological property

Figures 8 and 9 show the test results of the rheological
properties of AH-70# asphalt and PW-modified asphalt.

From Figure 8, it could be seen that with the extension of
UV aging time, the viscosity of AH-70# asphalt increased gra-
dually, reflected as the complex shear modulus increasing
gradually with UV aging time, while the phase angle decreased
gradually. The rutting factor of the matrix asphalt increased
with the extension of UV aging time, which indicated that the
enhanced viscosity of the asphalt led to the hardening of the
asphalt, and its resistance to load was enhanced. It could be
analyzed from Figure 9 that the variation pattern of rheolo-
gical performance indicators such as complex shear modulus
and phase angle of PW-modified asphalt was basically the
same as that of the base asphalt. This indicated that UV radia-
tion still caused the generation and accumulation of UV aging
characteristic groups inside the modified asphalt, gradually
affecting the rheological properties of PW-modified asphalt.

According to the comparison of rutting factors between
matrix asphalt and PW-modified asphalt in Figure 10, it
could be known that the rutting factors of AH-70# asphalt
and PW-modified asphalt showed the significant increasing
trend with the extension of UV aging time. For the matrix
asphalt, its rutting factor showed the stable increasing trend
with the extension of UV aging time, indicating that the
degree of aging of the matrix asphalt gradually increased
with the extension of UV radiation time, reflected in the

Figure 7: Test results of pavement performance of polymer-modified asphalt. (a) softening point, (b) ductility, and (c) penetration.

Figure 8: Test results of rheological property of AH-70# base asphalt. (a) phase angle, (b) complex shear modulus, and (c) rutting factor.
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continuous and stable increase of the rutting factor in rheo-
logical properties. For PW-modified asphalt, during the early
stage of UV aging (76.25–208 h UV irradiation), the rutting
factor also showed the significant increase trend. However,

when the UV aging time continued to extend to 305 h, the
rutting factor was basically similar to that of 208 h, which
supposed that after certain amount of UV radiation time, the
anti-UV aging performance of PW-modified asphalt gradu-
ally manifested, and the range of changes in its rheological
properties gradually decreased. This also reflected that the
PWmodifier had the effective control effect on the UV aging
behavior of asphalt binder.

3.4 Morphology variation of polymer-
modified asphalt following UV aging

3.4.1 Surface morphology

Figures 11 and 12 show the surface morphology and condi-
tion of the base asphalt and PW-modified asphalt film after
UV aging at different times. Figure 11 shows that with the

Figure 9: Test results of rheological property of PW modified asphalt. (a) phase angle, (b) complex shear modulus, and (c) rutting factor.

Figure 10: Comparison of rutting factor between PW-modified asphalt
and AH-70# asphalt.

Figure 11: UV aging surface condition of AH-70# base asphalt. (a) 1#-75h, (b) 1#-150h, (c) 1#-225h, (d) 1#-300h, (e) 2#-75h, (f) 1#-150h, (g) 2#-225h,
(h) 2#-300h, (i) 3#-75h, (j) 3#-150h, (k) 3#-225h, (l) 3#-300h, and (m) 0h.
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extension of the UV aging test piece, the surface condition
of the base asphalt has changed significantly. When the UV
aging time is 0 h, the surface of the asphalt film test piece is
flat and smooth. At the same time, the volume of asphalt
film is relatively regular, showing an obvious circular
state. However, with the extension of the UV aging test
piece, the asphalt test piece surface lost its original gloss. At

the same time, the surface flatness of the specimen decreased
significantly, and obvious folds and cracks appeared. This is
mainly due to the loss of light components in asphalt after UV
aging, resulting in the reduction of asphalt deformability and
then causing cracks and wrinkles in the process of volume
change. At the same time, UV aging could also cause volume
shrinkage of asphalt specimens.

Figure 12: UV aging surface condition of polymer-modified asphalt. (a) 1#-75h, (b) 1#-150h, (c) 1#-225h, (d) 1#-300h, (e) 2#-75h, (f) 1#-150h, (g) 2#-225h,
(h) 2#-300h, (i) 3#-75h, (j) 3#-150h, (k) 3#-225h, (l) 3#-300h, and (m) 0h.

Figure 13: Ultraviolet aging microscopic morphology of AH-70# matrix asphalt. (a) 0h–4000x, (b) 0h–2000x, (c) 75h–100x, (d) 75h–200x, (e) 75h–500x,
(f) 75h–1000x, (g) 150h–100x, (h) 150h–200x, (i) 150h–500x, (j) 150h–2000x, (k) 225h–100x, (l) 225h–200x, (m) 225h–500x, (n) 225h–2000x,
(o) 300h–100x, (p) 300h–200x, (q) 300h–500x, and (r) 300h–2000x.
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Figure 12 shows that under the effect of UV aging, PW-
modified asphalt surface also has obvious changes. When
the UV aging time is 0 h, the surface of the asphalt test piece
is smooth and shiny, and the surface is relatively flat. At
the beginning of UV aging, PW-modified asphalt could still
maintain good smoothness. However, with the further
extension of UV aging time, PW-modified asphalt samples
began to shrink to a certain extent, and the surface began
to appear wrinkles and fine cracks. This is directly related
to the volatilization of light components induced by UV
aging. The surface condition of PW-modified asphalt after
UV aging is similar to that of base asphalt.

3.4.2 Micro morphology

Figures 13 and 14 show the microscopic morphology char-
acterization results of the matrix asphalt and PW-modified
asphalt film specimens under UV aging conditions. The
analysis in Figure 13 shows that the surface of the base
asphalt without UV aging is smooth and flat, and there is
no obvious fold or microcrack structure. When the UV aging
time is extended to 75 h, obvious micro-cracks appear on the
surface of the matrix asphalt specimen, and the cracks
appear parallel. The cracks are relatively independent,
and there are no longer through-type cracks. And there is

no obvious longitudinal connection between parallel cracks.
When the UV aging time continues to extend to 150 h, the
parallel independent cracks appear obvious longitudinal
connection, and the cracks also gradually evolve from the
original independent one-way cracks to the connected net-
work cracks. Due to the obvious connection between cracks,
the distribution density of cracks is significantly increased.
But at the same time, in somemicro-area, cracks also appear
fusion and recovery, which may be due to the fracture
healing caused by asphalt flow and fusion during UV aging.
When the UV aging time is extended to 225 h, the cracks on
the asphalt surface are still mainly through cracks. At the
same time, the cracks have divided the asphalt surface into
independent regular fragments, and the edges of the frag-
ments also have some warpage. When the UV aging time is
further extended to 300 h, the through-type cracks on the
asphalt surface are healed and then restored to one-way
parallel cracks. This is mainly because the asphalt has a
certain degree of flow, thus achieving the healing and
recovery of some cracks.

According to the analysis shown in Figure 14, with the
extension of UV aging time, obvious cracks appear on the
smooth PW-modified asphalt surface. When the UV aging
time is 75 h, unlike the base asphalt, the cracks on the sur-
face of PW-modified asphalt are more concentrated and
closed, while the divided area is relatively smooth and

Figure 14: Ultraviolet aging microscopic morphology of polymer modified asphalt. (a) 0h–4000x, (b) 0h–2000x, (c) 75h–100x, (d) 75h–200x, (e)
75h–500x, (f) 75h–1000x, (g) 150h–100x, (h) 150h–200x, (i) 150h–500x, (j) 150h–2000x, (k) 225h–100x, (l) 225h–200x, (m) 225h–500x, (n) 225h–2000x,
(o) 300h–100x, (p) 300h–200x, (q) 300h–500x, and (r) 300h–2000x.
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flat. When the UV aging time reaches 150 h, the cracks
change from aggregation to parallel independent cracks.
There is no obvious connection and penetration between
cracks, showing an obvious parallel state. At the same time,
the width of the crack is also significantly widened. When
the UV aging time is extended to 225 h, the cracks appear
aggregated distribution again. The number of cracks per
unit area is significantly increased, and the cracks are
mostly unidirectional, and the directions are in different
directions. When the UV aging time reaches 300 h, the
number of cracks on the surface of the PW-modified
asphalt specimen decreases significantly, and the width
of cracks also decreases. This may be due to the flow and
fusion of asphalt, resulting in the partial healing of cracks,
thus reducing the number of cracks on the asphalt surface.

3.4.3 Micro surface roughness

Figures 15–18 show the AFM characterization results of
base asphalt and PW-modified asphalt. The analysis in
Figures 15 and 16 shows that the surface roughness of
nonaging matrix asphalt is relatively low, and the overall
smoothness is good. With the extension of the UV aging test

piece, the surface roughness of the matrix asphalt test
piece experienced an “increase – decrease – increase” trend.
When the UV aging test piece reaches 75 h, compared with
the nonaging test piece, the surface roughness of the matrix
asphalt test piece is significantly increased, and a large
number of local independent bulges appear, resulting in
the fluctuation of the surface. When the UV aging time is
extended to 150 h, the asphalt surface roughness will further
increase, and some independent bumps will merge into
larger bumps. When the UV aging time reaches 225 h, the
roughness of the surface of the base asphalt is significantly
reduced, and the number of independent bumps is reduced,
which may be due to the flow and fusion of asphalt to a
certain extent. When the UV aging time finally reaches
300 h, the roughness of the base asphalt surface increases
slightly, but it is significantly lower than 75 and 150 h.

According to the analysis in Figures 17 and 18, the sur-
face roughness of PW-modified asphalt is similar to that of
base asphalt, but the surface condition at specific aging
time points is different. The surface of the aged asphalt
test piece is flat and smooth. However, with the extension
of the UV aging time, the asphalt surface gradually appears
as a large area of independent bulges, and the roughness is
significantly improved. When the UV aging time reaches 75

Figure 15: Ultraviolet aging surface morphology of AH-70# base asphalt. (a) 0h–10μm, (b) 75h–10μm, (c) 150h–10μm, (d) 225h–10μm, (e) 300h–10μm,
(f) 0h–30μm, (g) 75h–30μm, (h) 150h–30μm, (i) 225h–30μm, (j) 300h–30μm, (k) 0h–80μm, (l) 75h–80μm, (m) 150h–80μm, (n) 225h–80μm, and
(o) 300h–80μm.
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Figure 16: 3D reconstruction results of surface morphology of AH-70# matrix asphalt after UV aging. (a) 0h–10μm, (b) 75h–10μm, (c) 150h–10μm,
(d) 225h–10μm, (e) 300h–10μm, (f) 0h–30μm, (g) 75h–30μm, (h) 150h–30μm, (i) 225h–30μm, (j) 300h–30μm, (k) 0h–80μm, (l) 75h–80μm,
(m) 150h–80μm, (n) 225h–80μm, and (o) 300h–80μm.

Figure 17: Ultraviolet aging surface morphology of polymer-modified asphalt. (a) 0h–10μm, (b) 75h–10μm, (c) 150h–10μm, (d) 225h–10μm,
(e) 300h–10μm, (f) 0h–30μm, (g) 75h–30μm, (h) 150h–30μm, (i) 225h–30μm, (j) 300h–30μm, (k) 0h–80μm, (l) 75h–80μm, (m) 150h–80μm,
(n) 225h–80μm, and (o) 300h–80μm.
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and 150 h, the surface roughness of PW-modified asphalt
increases significantly. However, with the further exten-
sion of the UV aging time, the roughness of the asphalt
surface decreases significantly, and the density of the inde-
pendent bulges also increases significantly. The surface
roughness of PW-modified asphalt at 225 and 300 h is close
to that of PW-modified asphalt, and there is no further
improvement. After UV aging for 225 h, the obvious differ-
ence in asphalt surface roughness may be caused by the
delaying effect of the PW modifier on asphalt UV aging
behavior.

3.5 Chemical variation of polymer-modified
asphalt following UV aging

3.5.1 Functional group composition

Figures 19 and 20 show the dynamic FTIR characterization
results of base asphalt and PW-modified asphalt. The ana-
lysis in Figure 19 shows that the strength of the functional

groups and absorption peaks of the matrix asphalt are
basically unchanged during the UV aging process, which
indicates that the composition of the functional groups in
the asphalt has not changed significantly during the UV
aging process. At the same time, during the heating pro-
cess, the absorption peak of asphalt still appears at the
position of 3,000 cm−1 wave number, and the intensity of
the absorption peak also changes to a certain extent, which
indicates that different substances will volatilize in the
asphalt during the heating process.

According to the analysis in Figure 20, with the change
in UV aging time, the dynamic FTIR test results of PW-
modified asphalt are different from that of base asphalt.
Like the base asphalt, the main absorption peak of PW-
modified asphalt also appears at the wave number of
3,000 cm−1. However, with the gradual extension of UV
aging time, the absorption peak with higher intensity
also appeared at 2,400 cm−1 wave number, which indicates
that new functional groups may appear in PW-modified
asphalt during UV radiation. This may be directly related
to the improvement effect of the PW modifier on asphalt
aging resistance.

Figure 18: 3D reconstruction results of surface morphology of polymer-modified asphalt. (a) 0h–10μm, (b) 75h–10μm, (c) 150h–10μm, (d) 225h–10μm,
(e) 300h–10μm, (f) 0h–30μm, (g) 75h–30μm, (h) 150h–30μm, (i) 225h–30μm, (j) 300h–30μm, (k) 0h–80μm, (l) 75h–80μm, (m) 150h–80μm,
(n) 225h–80μm, and (o) 300h–80μm.
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3.5.2 Functional group indices

Figures 21 and 22 show the functional group index changes of
AH-70# matrix asphalt and PW-modified asphalt. According
to Figure 21, as the UV aging time prolonged, the aromatic
functional groups, carbonyl groups, and sulfoxide group
indices in the matrix asphalt increased gradually. When the
UV aging time reaches 305 h, the characteristic functional
group index reached the maximum value, indicating that
the degree of UV aging of the matrix asphalt gradually

became severe with the extension of UV irradiation time,
which was basically consistent with the trend of changes in
the macroscopic properties. According to Figure 22, it could
be analyzed that the characteristic functional group index of
PW-modified asphalt first increased and then decreased.
When the UV irradiation time exceeded 228 h, the functional
group index of carbonyl and sulfoxide groups significantly
decreased. Meanwhile, further analysis in Figure 23 shows
that the characteristic functional group index of PW-modified
asphalt was significantly lower than that of the base asphalt.

Figure 20: Dynamic FTIR spectrum of polymer-modified asphalt under ultraviolet aging.

Figure 19: Dynamic FTIR spectrum of AH-70# matrix asphalt under ultraviolet aging.
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Compared to the matrix asphalt, the characteristic func-
tional group index of PW-modified asphalt decreased by
about 18.6 times, indicating that PW modifier could block
the formation and accumulation of aging functional groups
such as carbonyl and sulfoxide groups inside the asphalt
effectively during UV aging, thereby achieving effective con-
trol of asphalt UV aging behavior.

4 Conclusions

Based on the aforementioned findings, the following con-
clusions could be drawn:
1) The PW modifier has obvious edges and corners, and

the lamellar structure gives the particles a larger specific
surface area. The particles are relatively independent,

Figure 23: Comparison of functional group indices between PW-modified asphalt and AH-70# asphalt. (a) IAF, (b) IC=0, and IS=0.
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Figure 22: Functional group indices of PW modified asphalt.
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Figure 21: Functional group indices of AH-70# base asphalt.
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so the PW modifier can form a good bond and interact
with asphalt.

2) In the infrared spectrum, the accessory shoulder peak
appears at 1493.73 cm−1, and the benzene ring stretching
vibration appears at 1627.12 cm−1. The bending vibration
of the aromatic ring occurs at 697.23 cm−1, while the char-
acteristic peak at about 2,800 cm−1 is the C–H symmetric
stretching of −CH2−. With the increase of time, the inten-
sity of each characteristic peak tends to be almost flat
at 43min. There is no obvious change of peak position
and the appearance of new groups in the change of
temperature.

3) The PW modifier has a good control effect on the UV
aging of asphalt and can keep the road performance of
asphalt after UV aging without significant changes, thus
ensuring the stability of service performance.

4) With the extension of UV aging time, the number of
cracks on the PW-modified asphalt surface decreased
significantly, and the width of cracks also decreased
significantly. This may be due to the flow and fusion
of asphalt, resulting in the partial healing of cracks, thus
reducing the number of cracks on the asphalt surface.

5) PW modifier could block the formation and accumula-
tion of aging functional groups such as carbonyl and
sulfoxide groups inside the asphalt effectively during
UV aging, thereby achieving effective control of asphalt
UV aging behavior.
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