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For clarifying the applying feasibility of hindered amine light stabilizers in asphalt binder, two types of hindered amine light
stabilizers were chosen as a UV ageing resistance modifer and the modifed asphalt was prepared with a selected UV ageing
resistance modifer. Te ultraviolet aging testing method of asphalt materials was proposed for UV ageing behavior charac-
terization. Under the condition of diferent frequencies, the impact of UV ageing resistance modifer on asphalt was investigated
through using the frequency sweep test of DSR. Under the efect of ultraviolet aging, the variation of thermal properties of UV
ageing resistance-modifed asphalt was deeply analyzed by means of a temperature scanning test of DSR following the increase of
temperature. Te change law of the surface morphology of light stabilizer-modifed asphalt was characterized by atomic force
microscopy (AFM) dynamically with the UV aging time extension. Te research results showed that the hindered amine light
stabilizer could improve the high temperature performance of asphalt and achieve the UV aging behavior of asphalt materials
efectively. Meanwhile, the corresponding reaction mechanism was explored at the microscopic level.

1. Introduction

Intense UV radiation would induce and encourage the aging
of asphalt pavements, which is one of the most challenging
issues in the feld of pavement construction [1, 2]. For
mitigating the ultraviolet aging behavior of asphalt material,
the common and efective method is to add antiultraviolet
aging additives to the asphalt binder [3, 4]. Te commonly
used antiultraviolet additives are carbon black, AW, and BLE
[5, 6]. Most of them are added to modifed asphalt to en-
hance its performance. Tere are relatively many studies on
adding certain kinds of antiultraviolet additives to modifed
asphalt to enhance its anti-ultraviolet ability, and there are
many kinds of additives currently used to achieve the UV
ageing resistance performance of asphalt [7, 8]. Te study
found that the addition of 0.8% carbon black can maximize
the antirutting factor of asphalt [9, 10]. However, in the

direct tensile test, it was found that the carbon black would
impair the low-temperature performance; therefore, the
content of carbon black should be controlled within 0.8%
[11]. Relevant studies have found that adding BLE, AW,
carbon black, etc., could lead to a good UV ageing resistance
property of diferent types of asphalt, but the applicability of
these additives on the SBR modifed asphalt is the best
[12–14]. Te addition of 0.8% AW and BLE has better
antiageing properties.

In recent years, some research was performed on hin-
dered amine light stabilizers and modifed asphalt, but the
degradation of low-temperature performance of asphalt
after adding modifers is still blank [15–17]. Related studies
have found that asphalt with hindered amine light stabilizers
exhibits the highest strain energy density in the direct tensile
test (D T), representing the best low-temperature crack
resistance [18, 19]. Te light stabilizer asphalt exhibits
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excellent performance, because the generated free radicals
related to the ultraviolet aging of asphalt will be captured by
the nitroxide radicals generated by hindered amines to
a certain extent, and this reaction directly enhances the
stability of the asphalt [20, 21]. Some scholars have studied
the modifed asphalt with the hindered amine light stabilizer
GW-944 [22].Te study found that the additive could hardly
afect the thermal and fatigue performance of asphalt after
UV ageing treatment, but it can achieve the improvement of
the low-temperature property of asphalt materials [22, 23].
Te study also found that the additive should not be in-
corporated into the base asphalt, and the test results sug-
gested that the UV ageing resistance modifer should be used
into SBS- and SBR-modifed asphalt [22, 23].

Terefore, two types of HALS light stabilizers were
chosen as the UV ageing resistance modifer and modifed
asphalt was prepared with a selected UV ageing resistance
modifer. Te ultraviolet aging testing method of asphalt
materials was proposed for UV ageing behavior charac-
terization. Under the condition of diferent frequencies, the
impact of UV ageing resistance modifer on asphalt was
investigated through using the frequency sweep test of DSR.
Under the efect of ultraviolet aging, the variation of thermal
properties of UV ageing resistance modifed asphalt was
deeply analyzed by means of temperature scanning test of
DSR following the increase of temperature.

2. Materials and Methods

2.1. Materials

2.1.1. Binder. 70# base asphalt was used to prepare UV
ageing resistance-modifed asphalt in this study. Te
physical performances of 70# asphalt are tested and dem-
onstrated in Table 1.

2.1.2. Modifer. Tis study chose hindered amine light
stabilizers as the UV ageing resistance modifer to prepare
modifed asphalt. Te models of hindered amine light sta-
bilizers were Tinuvin770 and 622, whose applying dosages
were 2%, 4%, and 6% by the asphalt mass.Te purity of T770
and T662 was approximately 95%.

2.2. Preparing Procedure ofHALS-ModifedAsphalt. Te 70#
asphalt was heated and kept around 130°C. Te specifc
weight of HALS was put into the container for use. Te
HALS modifer was divided into three parts of equal weight
and mixed into asphalt for three times. After adding each
modifer, the mixture of asphalt was mixed by the high-
speed shearing instrument at 1000 rad/min for 15min. After
stirring, the preparation of UV ageing resistance-modifed
asphalt was fnished. Te development time of modifed
asphalt was approximately 12 h.

2.3. Test Method

2.3.1. UV Ageing Method. In this study, the indoor
accelerated UV ageing was performed to treat the HALS-

modifed asphalt for UV ageing. Te ultraviolet radiation
powder was about 300W. Furthermore, the size of UV
radiation was about 0.8m2 and the average ultraviolet ra-
diation was approximately 375W/m2. Trough energy
equation calculation by formula (1), the indoor UV treat-
ment times mainly included 76.25 h, 152.5 h, 228 h, and
305 h.

Indoor simulation time �
Outdoor solar radiation energy
Power of indoorUV radiation

.

(1)

2.3.2. Rheological Property Characterization

(a) Frequency Sweeping. Anton Paar MCR 302 rheometer
was used in this study (Figure 1). Te strain controlling
mode was chosen for the frequency sweeping test to per-
formed the DSR test. Te strain was controlled around 1%
and the sweeping frequency was from 0.1 rad/s to 100 rad/s
[24].Te test temperature of the frequency sweeping test was
from 25°C to 70°C. Among them, a 8mm parallel plate was
used at 25°C and the spacing was controlled to 2mm. At
40°C∼70°C, a 25mm parallel plate was used, and the spacing
is controlled to 1mm.

(b) Temperature Sweeping. Te control strain of the tem-
perature sweep test was 12%.Te test frequency was 10 rad/s.
A 25mm parallel plate was used for testing with 1mm
spacing. Te test temperature range was from 46°C to 82°C
and the heating interval was 6°C. Five data points were taken
for each set temperature and averaged.

(c) Bending Beam Rheological Test. Te experimental test was
carried out using the TE-BBR bending beam rheometer
(Figure 1) manufactured by Cannon. According to the
ASTM D6648-01 [25] test method, the test temperature was
−12°C.

2.3.3. AFM Analysis. Te Dimension FastScan scanning
probe microscope (Figure 2) was used to observe the mi-
croscopic morphology of UV aged modifed asphalt. Te
microtopography of the sample surface was scanned by the
fast scanning head. Te probe used was the silicon nitride
cantilever probe [26].

3. Results and Discussion

3.1. Frequency Sweep Test Results

3.1.1. Rheological Properties under Specifc Frequency
Conditions. Figures 3–5 are the curves of the complex shear

Table 1: Physical property of 70# binder.

Physical property Indices value Specifcation
Softening point (°C) 49.2 >43
Penetration (0.1mm) 70.3 60∼80
10°C ductility (cm) 26.5 >15
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modulus and the phase angle of modifed asphalt following
the variation of frequency under diferent aging times. From
the analysis of Figures 1–4, with the increase of temperature,
G∗ of diferent asphalts decreased, while the phase angle
increased, which refected that asphalt had stronger fuidity
at high temperature, and the resistance to deformation of
asphalt material degraded. When the temperature gradually
increased, the G∗ of modifed asphalt was similar to that of
the 70# asphalt, which demonstrated that the G∗ of the 70#
asphalt was relatively less afected by the light stabilizer at
higher temperatures.

3.1.2. Rheological Properties under Specifc Temperature
Conditions. Figures 5 and 6 are the graphs of the G∗ and δ of
modifed asphalt at 40°C and 60°C following the variation of
frequency under diferent aging time conditions, re-
spectively. From Figures 5 and 6, after the UV aging
treatment, the G∗ of modifed asphalt increased, while the δ
decreased. For 70# asphalt, the G∗ increased and δ decreased
following the extension of UV aging time. Tis showed that
the elastic component in the internal viscoelastic compo-
sition of the asphalt material increased during the UV ageing
process, and the deformation resistance property of asphalt
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Figure 1: G∗ and δ change curves of 70# asphalt under diferent aging times. (a) 76.25 h. (b) 152.5 h. (c) 228 h. (d) 305 h.
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Figure 3: G∗ and δ change curves of T770 modifed asphalt under different aging times. (a) 76.25 h. (b) 152.5 h. (c) 228 h. (d) 305 h.

(a) (b) (c)

Figure 2: Testing equipment. (a) Anton Paar MCR 302. (b) TE-BBR. (c) Dimension FastScan.

4 Advances in Materials Science and Engineering



material was enhanced signifcantly, whose macroscopic
performance was enhanced at high temperature. When the
UV ageing time increased from 76.25 h to 152.5 h at 60°C,
the G∗ of T770 asphalt decreased while δ increased, which
supposed that the elastic component of asphalt was reduced
and the deformation resistance was weakened. When the
aging time increased from 152.5 h to 228 h and 305 h, the G∗

increased and the δ decreased. Tis changing phenomenon

might be related to the improvement of deformation re-
sistance of the asphalt.

For T622-modifed asphalt, the complex shear modulus
diference between aging 152.5 h, 228 h, and 305 h was small,
which were higher than the G∗ of asphalt aged 76.25 h.
Compared with 70# asphalt, the G∗ of T622-modifed as-
phalt aged 76.25 h was smaller than that of 70# asphalt, while
the δ was larger than 70# asphalt. When aged 152.5 h, 228 h,
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Figure 4: G∗ and δ change curves of T622 modifed asphalt under different aging times. (a) 76.25 h. (b) 152.5 h. (c) 228 h. (d) 305 h.
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and 305 h, the G∗ of T622-modifed asphalt and 70# asphalt
were not much diferent. To sum up, the T622 modifer and
T770 modifer could mitigate the UV aging process of as-
phalt and T622 modifer had a better improvement efect.
However, as the aging time was gradually prolonged, the
modifcation efect would decrease.

3.2. Temperature Sweep Test Results. Figure 7 shows the
results of the temperature sweep phase angle test of 70# base
asphalt and light stabilizer-modifed asphalt, respectively. It
could be seen from the analysis that the δ of modifed asphalt
rose with the temperature, supposing that the viscosity of the
asphalt increased while the elasticity decreased. At the same
time, it could be found that when UV ageing time extended,

the δ of asphalt decreased, which proved that UV radiation
might promote the elastic response of asphalt, and the
enhancing efect was improved with the prolongation of
irradiation time. It was worth noting that the δ of modifed
asphalt decreased with time, which demonstrated that the
HALS could lead to the UV aging resistant efect on asphalt.

From Figure 8, with the time extension of UV ageing, the
G∗ of asphalt increased, indicating that the asphalt material
is hardened to diferent degrees after UV irradiation, and the
deformation resistance is enhanced. Compared with the base
asphalt, the G∗ growth rate of the light stabilizer-modifed
asphalt had decreased signifcantly, which proved that the
light stabilizer-modifed asphalt had an excellent UV ageing
resistant performance. At the same time, it was found that
when the aging time was within 76.25∼152.5 h, the diference
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Figure 5: Variation curves of G∗ and δ of diferent types of asphalt with UV aging time at 40°C. (a) 70#. (b) T770. (c) T622.
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Figure 6: Variation curves of G∗ and δ of diferent types of asphalt with UV aging time at 60°C. (a) 70#. (b) T770. (c) T622.
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Figure 9: Rutting factor variation curves of diferent types of asphalt with UV aging time. (a) 70#. (b) T770. (c) T622.
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in complex modulus between T770 and T622-modifed
asphalt was small. With the time extension of UV ageing
treatment, the diference in the G∗ of asphalt was becoming
obvious. Te asphalt hardness was signifcantly improved,
which indicated that the efect of ultraviolet rays on the
asphalt hardness was light at the beginning. When the UV
aging time continued prolonging, this efect increased sig-
nifcantly, which led to the signifcant increase in asphalt
hardness.

Figure 9 presents the rutting factors of 70# asphalt and
modifed asphalt. From Figure 9, the rutting factor had the
similar variation law to the G∗ and increased with the time
extension of UV aging treatment. Furthermore, with the
time extension of UV, the improving efect of rutting factor
was strengthened. Compared with 70# asphalt, the diference
in rutting factor between T770 and T622-modifed asphalt
was smaller between 76.25 h and 152.5 h. As the UV aging
progressed, the asphalt exhibited diferent degrees of aging,
manifested as the decrease in the δ, and the increase in the
rutting factor and G∗, which meant that the elasticity and
hardness of the asphalt increased gradually. Te UV aging
degree of modifed asphalt was obviously less than that of
70# asphalt, which proved that HALS could mitigate the UV
aging degree of asphalt material.

3.3. Bending Beam Rheological Test Results. Figure 10
demonstrates the rheological test results of BBR bending
beams. From the analysis in Figure 10, it could be seen that
the S of modifed asphalt was less than 70# asphalt, and the S
was greater than that of 70# asphalt. With the gradual time
extension of UV ageing treatment, the S of modifed asphalt
increased, while the m decreased, which supposed that the
time extension of UV aging treatment degraded the low-

temperature performance of asphalt materials. For 70# as-
phalt, when the UV aging time extended from 76.25 h to
305 h, the S increased by 12%, 21%, and 25%, and the m
decreased by 6%, 11%, and 15%. Te varying rate of S andm
of T622-modifed asphalt was obviously smaller than 70#
asphalt. Te performance index of T770-modifed asphalt
showed the similar law to that of T622-modifed asphalt.
Terefore, it could be judged that both HALS could mitigate
the infuence of ultraviolet light on road performance of
asphalt materials.

3.4. AFM Analysis. Te AFM morphology of 70# asphalt is
shown in Figure 11. After 76.25 h of aging, the surface of 70#
asphalt tended to be circular, and other rod-like and rect-
angular structures existed. After aging for 152.5 h, the
number of circular structures on the surface was signifcantly
reduced, and the surface mostly existed in rod-like mor-
phology.Te overall surface morphology was more complex.
After 228 h of aging, dark structures with the height of
around 1 μm in the middle and the size of more than 1 μm
appeared on the surface. Apart from this structure, the rest
of the surface was relatively smooth. After aging for 305 h,
the original small and dense point-like structure appeared
on the asphalt surface, and the aggregated area of the
structure had higher roughness.

Te AFM results of T770-modifed asphalt are shown in
Figure 12. After UV aging for 76.25 h, many rod-like
structures with a length of about 1 μm appeared on T770
asphalt. Te rod-like structure was characterized by the high
middle and low ends, while the roughness of the asphalt
surface increased. In addition, there were scattered domains
around the structure, and the highlighted structure indicated
that its height was higher than that of the 70# asphalt. After
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Figure 10: BBR testing results. (a) S. (b) m.
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Figure 12: AFM images of T770 modifed asphalt. (a) 76.25 h. (b) 152.5 h. (c) 228 h. (d) 305 h.

Figure 11: AFM images of 70# asphalt. (a) 76.25 h. (b) 152.5 h. (c) 228 h. (d) 305 h.
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152.5 hours, the surface of the asphalt was distributed with
high-brightnessrod-like structures, while the width of the
structure was wider compared to that of 76.25 h. However,
the length was relatively short, generally within 1 μm. After
228 h of aging, the rod-like structure disappeared and was
replaced by the smaller and smoother microbright structure
with the average length of about 300 nm. After 305 h aging,
the rod-like structure reappeared, the length increased
signifcantly, and the asphalt surface roughness increased
signifcantly.

Te AFM results of T622 modifed asphalt are shown in
Figure 13. After aging for 76.25 h, the surface roughness of
T622 asphalt increased, and there were concave structures
among the special structures. After 152.5 hours of aging, the
cluster structure appeared on the asphalt surface in the form
of blocks, and the surface roughness increased. After 228 h of
aging, the rod-like structure appeared again. Te structure
was still characterized by the elongated shape.

4. Conclusions

(i) As the temperature increased, the G∗ of diferent
pitches decreased and the δ increased, which re-
fected that the ability of asphalt materials to resist
deformation was weakened.

(ii) T622 and T770 modifers could efectively mitigate
the UV aging process of asphalt and the improving
efect of T622 modifer was better. But as the aging

time gradually prolonged, its modifying efect might
be degraded.

(iii) Following the UV ageing time extension, the S of
HALS-modifed asphalt was both smaller than base
asphalt and the m was obviously greater than 70#
asphalt, which supposed that HALS could prevent
the degradation of the low-temperature property of
asphalt when subjected to UV radiation.

(iv) When subjected to the UV radiation, the surface of
HALS-modifed asphalt mainly had a rod-like
structure as the main microstructure, and with
the time extension of UV aging treatment, the
microstructure would go through relatively com-
plex changes.
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