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Automobile exhaust pollution is a serious problem that restricts urban development, and it poses a serious threat to people’s lives
and health and even the climate. At present, the treatment of automobile exhaust has attracted people’s attention, and numerous
works have been focused on it thereafter. -e purpose of the present study is to drive TiO2 nanoparticles application into
pavement, and the study present an experimental investigation of performances and automobile exhaust purification of asphalt
and its mixture modified by nano-TiO2. In this work, a series of rheometer properties and pavement performances were studied,
including penetration, softening point, ductility, DSR and BBR for asphalt binder, conventional pavement performances, and
creep test for asphalt mixture. Moreover, the photocatalytic degradation test of automobile exhaust was conducted to assess
degradation of TiO2 nanoparticles in the asphalt mixture on automobile exhaust. Results indicate that the TiO2 nanoparticle was
beneficial to increase the viscosity and reduce the temperature sensitivity, which would enhance its high-temperature stabilization
capability of asphalt. Meanwhile, nano-TiO2 can significantly enhance the rheometer properties of asphalt and its capacity of high-
temperature antirutting, and its low-temperature performance could also comply with the specification. Besides, the incor-
poration of nano-TiO2 in mixtures could effectively enhance the antirutting and anticracking as well as water stabilization.
Moreover, the nano-TiO2-modified asphalt mixture possesses a positive impact on photocatalytic degradation of CH and NOx,
which could provide a reference for the treatment of automobile exhaust.-e photocatalytic degradation effect of asphalt mixtures
modified by nano-TiO2 on NOx is significantly better than that of CH.

1. Introduction

With the global civilization process and the construction
level development of road engineering, the functional re-
quirements of roads are increasing, and the requirements for
road service functions, green construction, and safety pro-
tection are more urgent [1–9]. With the rapid development
of nanotechnology, more and more researchers are getting
committed to introducing nanomaterials into the road
pavement [10–12]. Nanomaterials refer to materials in the
range of 1∼100 nanometers in at least one dimension. It is

worth noting that nanomaterials usually have the advantages
of significant temperature susceptibility, better extendability,
and larger specific surface area (SSA). Besides, the physical,
chemical, and other properties of nanomaterials have great
differences with the original raw materials [13]. -erefore,
on the above basis, researchers introduced nanomaterials
into road and construction fields.

Nowadays, the asphalt pavement has become the largest
pavement type in China’s high-level pavements [14–22].
However, it is worth noting that there are yet many problems
in the field of flexible pavement that need to be solved
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urgently. -e resulting damage will reduce the service
performance of the asphalt flexible pavement, such as rut-
ting, cracks, and other damage phenomena [15, 23–25]. A lot
of related research work has been done, including modifying
asphalt materials [26–28] and optimizing the asphalt flexible
pavement structure [29]. Jahromi et al. employed two kinds
of nanoclay to improve the performances of asphalt mate-
rials. According to X-ray diffraction along with DSR,
nanoclay-modified asphalt increased stiffness and decreased
the phase angle [30]. Abdelrahman et al. assessed the
physical performances of asphalt through adding the
modified nanoclay using dynamic mechanical analysis and
showed that the incorporation of modified nanoclay ma-
terials into asphalt materials enhanced their physical
properties. Also, they investigated the modification mech-
anism of nanoclay, which was considered to be the inter-
activity of the modified nanosilox tetrahedron in asphalt
using the FTIR test [31]. You et al. used nanoclay to modify
asphalt and compared two kinds of nanoclay. -e results
indicated that nanoclay could effectively boost the com-
prehensive performances of asphalt materials. Furthermore,
the blending procedure was considered as the key to
achieving a well-distributed nanoclay-modified asphalt [32].
Khattak et al. employed different dosages of carbon nano-
fibers to modify three types of asphalt cements based on two
asphalt mixing procedures, i.e., dry and wet procedures. Due
to the larger SSA, better interface combination effect, as well
as higher modulus values of carbon nanofiber, the test results
showed that carbon nanofiber-modified asphalt exhibited
good viscoelastic response and fatigue performances [33].

On the contrary, the world has witnessed a rapid de-
velopment of social urbanization, which has also resulted in
increasing energy consumption and car ownership, bringing
about many environmental problems [34, 35]. Among them,
atmospheric pollution and the decline of air quality have a
huge negative effect on people’s health and the ecology of the
Earth, such as smoggy weather and respiratory diseases
[36, 37]. Currently, catalytic materials are widely used for
automobile exhaust gas cleaning, which are mostly semi-
conductor materials and have their own catalytic function
[38]. Semiconductor catalytic materials (such as Fe2O3, ZnO,
TiO2, and CdS) can be used to a greater extent to generate
free electrons and holes from visible solar light sources, of
which TiO2 is the most widely used catalytic material, with
good stability, catalytic properties, and low prices [39–41].
Chen et al. utilized nano-TiO2 to modify asphalt through
permeability technology and evaluated the penetration effect
using the scanning electron microscope. Because of the large
surface area and advanced oxidation technology of nano-
TiO2, nano-TiO2-modified asphalt produced good
performances of asphalt and also had a good environment
purification function [42]. Hashimoto et al. applied TiO2 to a
highway to achieve photocatalytic vehicle exhaust [43].
Loftness et al. studied the effect of photocatalytic automobile
exhaust by applying TiO2 as a coating to the test road [44].
Jin et al. prepared composite nanomaterials by adding an-
atase-type nano-TiO2 to montmorillonite, which signifi-
cantly reduced the agglomeration problem of TiO2 and
studied the road performance and photocatalytic

degradation of automobile exhaust when containing the
composite nanomaterial [45]. Qian et al. tested aging for SBS
asphalt containing nano-TiO2. In addition, a photocatalytic
reaction system was developed to study the photocatalytic
degradation analysis of nano-TiO2 on NOx [46].

-rough the abovementioned literature analysis, it can
be found that nanomaterials have been widely utilized in
pavement engineering. But the research of nano-TiO2 in
flexible roads is yet not systematic, and its application still
needs to be improved. -erefore, this research designs for
nano-TiO2 nanoparticles applied in asphalt road. -e im-
pacts of nano-TiO2 are evaluated mainly based on several
indexes of conventional tests, and its rheological properties
are evaluated through DSR and BBR. In addition, the in-
fluences of nano-TiO2 on asphalt road and creep charac-
teristics of mixtures were also studied. Finally, the
automobile exhaust purification is performed by simulating
the actual environment to assess the degradation of nano-
TiO2 in the asphalt mixture on automobile exhaust.

2. Materials and Methods

2.1. Materials and Samples

2.1.1. Materials

(1) Asphalt. AH-90 was used, obtained from Panjin Petro-
leum Asphalt Co., Ltd. Table 1 presents the main technical
indicators.

(2) Nano-TiO2.-e nanomaterial used in this paper is titanium
dioxide, anatase crystal structure with the formula of TiO2. Its
detailed technical characteristics are presented in Table 2.

(3) Coarse and Fine Aggregates and Mineral Powder. In this
paper, stones are acquired from the local area, and the
powder in the asphalt mixture is the limestone powder from
Antu, Jilin Province. Referring to the requirements of JTG
F40-2004, Tables 3–5 show the main technical properties of
aggregates and limestone powder.

2.1.2. Sample Preparation Procedure. According to previous
studies, it has been noted that the reasonable dosage of nano-
TiO2 is 5% in weight of asphalt [47]. During the preparatory
stage of nano-TiO2-modified asphalt, original asphalt ma-
terials were preheated to 160°C, and next, they were blended
with weighted nano-TiO2 by manually stirring for 5∼8min.
-e corresponding temperature increased to 170°C in a short
time. Finally, apply the high-speed shearing at 6000 r/min
and 170°C for (40± 5) min. When used, heat the asphalt
sample again to 170°C, control the shearing speed at
450∼600 r/min, and stir continuously for about 20min.

As for the preparation of the ACmixture, CAVF is selected
to design asphalt mixture gradation including base asphalt and
nano-TiO2-modified asphalt, as shown in Figure 1 [48]. Fol-
lowing the JTG E20-2011 specification, the optimum asphalt-
aggregate ratios of the base original asphalt mixture as well as
the nano-TiO2-modified asphalt mixture were obtained by the
Marshall design method. Marshall stability, flow, air voids, etc.,
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have been comprehensively considered [29, 49]. -e detailed
preparation procedure of nano-TiO2-modified asphalt and
mixture is shown in Figure 2.

2.2. Laboratory Experiments

2.2.1. Conventional Tests and Rheometer Tests of Asphalt

(1) Conventional Tests.-e penetration test has been performed
to analyze consistency of asphalt, which is carried out at 25°C
following JTG E20-2011 T 0604.-e softening point (SP) test is
adopted for asphalt materials, which is determined by a ring
and ball apparatus following the JTG E20-2011 T 0606 (ASTM
D36) specification.-e ductility property of asphalt materials is
measured by the ductility test following the JTG E20-2011 T
0605 specification. -e asphalt samples with standard size are
stretched until broken. -en, the ductility value is defined as
the stretched distance at breaking.

(2) Dynamic Shear Rheometer Test. DSR developed by SHRP
has been employed for dynamic characteristics and evaluating
the viscoelastic behavior of asphalt materials [50–52]. Com-
pared to static experiments (penetration and softening point),
the DSR test has more intuitive and real advantages to assess
the properties of asphalt materials. According to the ASTM
D7175 (AASHTO T31509) specification, the rheological pa-
rameters of asphalt materials are determined. By using two
parallel plates at this temperature, the DSR test is carried out
under temperature and frequency sweep modes, respectively.

In the DSR test, the dynamic viscoelastic characteristics of
asphalt can be divided into two parts. G

∗
is generally calculated

by applying dynamic shear stress (τmax) to the asphalt sample
and the correspondingmeasured shear strain (cmax), defined in
equation (1). -e characteristics (δ) reflect the ratio of visco-
elasticity in asphalt. When at higher temperature or lower
frequency loading, asphalt is more prone to the viscous flow, so
the phase angle is larger. While, at lower temperature or higher
frequency loading, asphalt exhibits more elastic properties, and
the phase angle is smaller.

G
∗

�
τmax

cmax
. (1)

(3) Beam Bending Rheometer Test. BBR was used to
measure hardness of the asphalt beam with a dimension of
6.25 ×12.5 ×127mm under creep loading based on the
theory of engineering beam [51]. In the BBR test,
according to the ASTM D6648 specification, the small
asphalt binder beam is prepared and kept in the bath.
-en, the asphalt binder beam is tested at −18°C. A load of
100 g is imposed to the asphalt beam, and the corre-
sponding deformations are obtained. -erefore, two pa-
rameters can be obtained from the deflection curves
versus time, i.e., S(t) and m value. -eir equations are
expressed as follows:

S(t) �
Pl

3

4bh
3
u(t)

, (2)

log S(t) � A + Blgt + C(lgt)
2
, (3)

m(t) � |B + 2Clgt|, (4)

Table 1: Technical indicators of AH-90.

Technical indicators Tested
Penetration 88.9
Ductility >100
Softening point 43.2
Density 1.017
Dynamic viscosity 0.295
RTFOT
Weight loss −0.191
Residual penetration ratio 84.9

Table 2: Technical indicators of nano-TiO2.

Technical indicators Values
Appearance — White powder
Structure — Anatase
Diameter nm 25
Density g/cm3 3.8
Specific surface area m2/g 60
Purity % 99.5

Table 3: Technical indicators of coarse aggregate in this paper.

Technical indicators Units Values
Los Angeles abrasion value % 16.9
Crushing value % 13.3

Apparent specific gravity
13.2mm

—
2.827

9.5mm 2.802
4.75mm 2.845

Water absorption
13.2mm

%
0.64

9.5mm 0.37
4.75mm 0.89

Flat and elongated particle content % 8.7

Table 5: Technical properties of the mineral powder in this paper.

Technical properties Units Values
Apparent density kg/m3 2.746×10−3

Hydrophilic coefficient — 0.88
Water content % 0.88
Plastic index % 2

Granular composition
<0.6mm

%
100

<0.15mm 98.5
<0.075mm 78.6

Table 4: Technical properties of fine aggregate in this paper.

Technical properties Units Values
Apparent specific gravity — 2.762
Sand equivalent % 76
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in which P represents an imposed force, l, b, and h are the
beam dimensions, and A, B, and C are empirically deter-
mined constants.

2.2.2. Pavement Performances and Viscoelastic Properties
Tests of the Asphalt Mixture

(1) Pavement Performance Tests. -is paper investigated and
assessed the pavement performances of the asphalt mixture
by using rutting test, flexural experiment, and freeze-thaw
(F-T) splitting. Referring to JTG E20-2011 T 0719, firstly,
square slab samples of asphalt mixtures (300× 300× 50mm)

were prepared, and perform the high-temperature rutting
test at a rolling speedN� (42± 1) cycles/min.-en, the high-
temperature performance could be evaluated by the index of
dynamic stability (DS), which is calculated through the
deflections d45 and d60:

DS �
15 × N

d60 − d45
. (5)

-e flexural experiment is conducted to assess the low-
temperature mechanical performance of the asphalt
mixture. Referring to JTG E20-2011 T 0715, the prism
samples (250 × 30 × 35mm) were loaded by a pressure.
-rough the obtained deflection as well as load, RB and εB
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Figure 1: Asphalt mixture gradation curve in this paper.
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as well as SB could be calculated according to the
following:

RB �
3 × L × PB

2 × b × h
2 , (6)

εB �
6 × h × d

L
2 , (7)

SB �
RB

εB

. (8)

Referring to JTG E20-2011 T 0729, F-T splitting was
selected to analyze water sensitivity. Marshall specimens
were prepared by one freeze-thaw cycle and without the
freeze-thaw cycle, respectively. -en, these specimens were
loaded. -rough obtained results (RT1 for the Marshall
specimen without the freeze-thaw cycle and RT2 for the
Marshall specimen under one cycle), TSR is defined as
follows:

TSR �
RT2

RT1
× 100. (9)

(2) Uniaxial Static Compression Creep Test. -e creep test
methods mainly include uniaxial static compression creep,
bending creep and splitting creep, and dynamic triaxial
compression creep. At present, the commonly used creep
test methods in the world for the asphalt mixture are mainly
uniaxial static compression creep and bending creep. A
major advantage of the uniaxial static compression creep test
is that the test equipment is relatively simple; therefore, this
creep test method has been widely used [53, 54].

-e experiment has been performed for base original
asphalt mixture and nano-TiO2-modified asphalt mixture
specimens using a NU-14 tester, whose sensor measurement
accuracy is 0.001%. Before the test, a smooth polytetra-
fluoroethylene (PTFE) plastic film was placed on the upper
and lower surfaces of the asphalt mixture sample to elim-
inate or reduce the influence of friction on contact surfaces.
Meanwhile, asphalt mixture samples should be kept to make
inside samples uniform. During the uniaxial static com-
pression creep test, both sides of test samples are required to
be flat to prevent local stress concentration from affecting
the deformation response. At the beginning of the creep test,
a loading of 0.002MPa was preloaded first, and then, the
loading for 2700 s as well as unloading for 1800 s were
carried out. During the creep test, the deformation data of
samples were collected by linear variable differential
transformer (LVDT) sensors.

2.2.3. Photocatalytic Degradation Test. Photocatalytic deg-
radation test was conducted by the MQW-50A exhaust gas
analyzer, as illustrated in Figure 3. -e square slab sample
(300× 300× 50mm) was also used and placed at the bottom
of the reaction box.-en, the position of the ultraviolet lamp
was adjusted at 135mm from the test slab sample [41]. -e
automobile exhaust pipe was regarded as the exhaust supply,
which was connected with the air inlet of the reaction box.

Cover the reaction box with a light-shielding cloth, turn on
the ultraviolet light, and monitor the contents of CH and
NOx in real time through the automobile exhaust gas an-
alyzer. -e photocatalytic degradation test of automobile
exhaust would last 60min, and the contents of CH and NOx
were checked every 10min. -e photocatalytic degradation
rate (PDR) and concentration variation (CV) of automobile
exhaust can be calculated as follows:

PDRi �
Gasi−1 − Gasi

Duration
× 100, (10)

CV �
Gas0 − Gasi

Gas0
, (11)

where Gasi−1 and Gasi are the initial and tested concen-
tration of automobile exhaust (i.e., CH and NOx) for each
duration (i� 1, 2, 3,,4, 5, 6), respectively. Duration is the
reaction time between two photocatalytic degradation tests,
and duration� 10min. Gas0 is the initial concentration of
automobile exhaust (i.e., CH and NOx).

3. Results and Discussion

3.1. Analysis of Conventional and Rheometer Properties of
Asphalt

3.1.1. Conventional Tests Analysis. -e experimental results
of conventional physical performances of asphalt with and
without nano-TiO2 are plotted in Figure 4. It is observed that
the penetration at 25°C containing nano-TiO2 decreases
significantly compared with base asphalt, which shows that
adding nano-TiO2 reduced the sensitivity of asphalt to
temperature. Besides, the softening point increases slightly
through the addition of nano-TiO2. It shows that the sta-
bilization capability of asphalt could be enhanced by nano-
TiO2. On the contrary, the ductility at 10°C of both base
asphalt and nano-TiO2-modified asphalt are higher than
100 cm, which could conform to JTG F40-2004. -e above
changing trend indicates that adding 5% nano-TiO2 would
decrease the sensitivity of asphalt to temperature and in-
crease its high-temperature properties.

3.1.2. Dynamic Shear Rheometer Test Analysis

(1) Temperature Sweep Test. Asphalt has significant tem-
perature sensitivity and has different mechanical properties
at different temperatures. To explore the rheological char-
acteristics of the asphalt binder in medium- and high-
temperature ranges, the DSR test was conducted at 10 rad/s
from 40°C to 80°C, and the strain controlled at 12%. -e
measured G∗ and δ results versus temperature are plotted in
Figure 5.

G∗ values decrease with the increasing of test temperature
in Figure 5(a). -is is because the fluidity of asphalt increases
as the temperature increases, and it is prone to emerge in
more significant deformation at the same stress level. Clearly,
a higher complex shear modulus is generally required to
ensure that the asphalt pavement still has a good resistance to
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high-temperature deformation. Furthermore, while by
comparison, the increase of G∗ value of nano-TiO2-modified
asphalt is lower at 40°C, and the corresponding increase in
value is much higher at 80°C. -is indicates that the asphalt
modified by nano-TiO2 has a higher temperature stability
than original asphalt due to the higher complex shear
modulus.

-e characteristics (δ) is the relative indicatrix between
recoverable and unrecoverable deformation, in which δ � 0°
for elastic solids and δ � 90° for viscous fluids. In Figure 5(b),
δ values increase as test temperature increases, which fully
reflects the characteristics of a viscous fluid for asphalt as a
typical viscoelastic material. With test temperature varying
in the range of 40∼80°C, δ values of base asphalt change
about 27°, and δ values of the modified one change about 26°.
-is implies that asphalt modified by nano-TiO2 has a lower
temperature sensitivity. Moreover, since the flow defor-
mation of nano-TiO2-modified asphalt at high temperature
is smaller, nano-TiO2 is beneficial for the asphalt pavement
to resist high-temperature deformation.

However, it generally needs to use different indicators to
evaluate the performances of asphalt for various perfor-
mances at different test conditions by G∗ and δ values. Many
studies have shown thatG∗/sinδ represents the rutting factor

[55]. -e larger the value of G∗/sinδ, the better the ability to
resist deformation. -erefore, compared to static tests (such
as penetration and softening point), dynamic tests have
more intuitive and real advantages to evaluate the perfor-
mances of asphalt binders. In general, the high-temperature
range of the asphalt pavement is generally taken as 40°C ∼
80°C, and the rutting factor results of base and modified
asphalt by nano-TiO2 are plotted in Figure 6. As seen, the
rutting factor of nano-TiO2-modified asphalt is larger by
comparison at the same test temperature, which means
asphalt modified by nano-TiO2 has a better high-tempera-
ture antirutting ability. Moreover, the growth rate of the
rutting factor for nano-TiO2-modified asphalt changes from
5% to 13% when the test temperature increases from 40°C to
80°C. -is also implies that asphalt modified by nano-TiO2
possesses a good rutting resistance.

(2) Frequency Sweep Test. -e frequency sweep test is cur-
rently the most popular method for investigating viscoelastic
mechanical parameters of asphalt. -e dynamic shear
modulus mechanical response of asphalt in the linear vis-
coelastic range can be obtained using the DSR test with the
small-strain level under different loading frequencies at the
test temperature. To explore the viscoelastic properties of
nano-TiO2-modified asphalt at higher temperature, the
frequency sweep experiment was conducted based on the
DSR test from 40 to 80°C with an interval temperature of
10°C for base and modified asphalt by nano-TiO2. Before the
frequency sweep test, asphalt needs to be kept at test tem-
perature for at least 15min. Figure 7 illustrates the measured
G∗ varying with frequency.

As loading frequency rises, complex shear modulus of
both base asphalt and nano-TiO2-modified asphalt increases
and shows a linear growth trend in the logarithmic coor-
dinate. Simultaneously, from the perspective of slope,
modified asphalt possesses a high growth speed, meaning
nano-TiO2-modified asphalt has a larger complex shear
modulus than base asphalt.

3.1.3. Beam-Bending Rheometer Test Analysis. -e creep
deformations versus loading time at −18°C have been
measured, and the deflection-time curve reflects the typical
viscoelastic behavior of asphalt. Although the creep char-
acteristics of base asphalt and nano-TiO2-modified asphalt
are not essentially different, their proportion of viscoelastic
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Figure 3: -e photocatalytic degradation test.
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components have been changed. Under the same constant
load, the deformation of nano-TiO2-modified asphalt is
smaller by comparison, which means that incorporating
nano-TiO2 improves the elastic component of asphalt, but
decreases the viscosity component.

In the specifications of SHRP, the stiffness modulus
result and its changing m value are recommended as the
basis for PG performance classification. -e m value reflects
the sensitivity of stiffness to time and stress relaxation ability.

However, with a corresponding higher modulus or lower
deflection, the greater the stress required to produce unit
strain, indicating that the asphalt material is harder. Figure 8
plots the test results for base and modified asphalt by nano-
TiO2. As seen, the modulus of base and modified asphalt by
nano-TiO2 decreases with time. However, the modulus of
nano-TiO2-modified asphalt is larger by comparison and not
more than 300MPa, which meets the specification re-
quirements. In Figure 8(b), the m value of base asphalt and
nano-TiO2-modified asphalt becomes larger as time goes on.
-em value at 60 s of nano-TiO2-modified asphalt is smaller,
and the m value is larger than or equal to 0.3, meeting the
specification requirements. Compared with base asphalt,
nano-TiO2-modified asphalt has a larger modulus as well as
a smaller m value, representing that the anticrack of asphalt
containing nano-TiO2 has been reduced slightly, but it can
also meet the Superpave specification requirements, that is,
the m value is not less than 0.3.

3.2. Analysis of Pavement Performances and Viscoelastic
Properties of the Asphalt Mixture

3.2.1. Pavement Performances Analysis. Figure 9 summa-
rizes the pavement performances of the asphalt mixture,
DS, εB, SB, and TSR. From Figure 9, it is observed that
nano-TiO2 asphalt mixture has higher DS, which shows
that the addition of nano-TiO2 would enhance antirut-
ting ability. Nano-TiO2 can absorb the light components,
then affecting the temperature sensitivity of modified
asphalt. Nano-TiO2 have a certain surface activity,
thereby enhancing antirutting of the modified asphalt
mixture.
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Besides, the nano-TiO2 mixture possesses higher εB and
lower SB. It could be considered that adding nano-TiO2 can
improve εB value and then reduce corresponding flexural-
tensile stiffness modulus (SB).-us, the nano-TiO2-modified
mixture has a better anticracking ability at low temperature.

From the perspective of moisture stability, the nano-
TiO2 mixture possesses large TSR, which conforms to JTG
F40-2004. -is is because nano-TiO2 has a larger specific
surface area, and it can improve the structural asphalt

content, thereby improving the moisture stability of the
modified mixture.

3.2.2. Static Creep Test Analysis. Generally, the viscous and
elastic elements are generally combined in series or in
parallel to represent the viscoelastic mechanical perfor-
mances of asphalt mixtures, and the Burgers’ model as well
as its modified model are widely used and have good
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Figure 7: G∗ results versus frequencies and temperatures of asphalt with and without nano-TiO2. (a) Base asphalt. (b) Nano-TiO2-modified
asphalt.
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Figure 8: BBR comparison. (a) Modulus. (b) m value.
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application effects [53, 54]. -e creep functions of these two
models are given as follows:

ε(t) � σ0
1

E1
+

t

η1
+

1
E2

1 − e
− E2t/η2( )  ,

for the Burgers’model,

(12)

ε(t) � σ0
1

E1
+

1 − e
− Bt

 

AB
+

1
E2

1 − e
− E2t/η2( ) ⎡⎣ ⎤⎦,

for themodified Burgers’model.

(13)

-e uniaxial static compression creep tests at 20°C and
50°C were conducted on base and modified asphalt by nano-

TiO2. Figure 10 illustrates the creep deformation results
versus time. Both asphalt mixtures have similar creep de-
formation curves. At the loading stage, the creep defor-
mation includes instant and delayed elastic as well as viscous
flow deformations. Although incorporating nano-TiO2 will
not change the creep deformation law of the asphalt mixture,
nano-TiO2 could affect the creep deformation rate, cumu-
lative deformation, and residual permanent deformation.

Figure 10 also plots the fitting curves of creep defor-
mation for the base original asphalt mixture as well as the
nano-TiO2 mixture. As seen, the modified Burgers’ model is
closer to actual measured creep deformation data, and the
fitting accuracy is higher.-emodified Burgers’ model could
consider the consolidation effect of the asphalt mixture, that
is, the creep growth rate of the asphalt mixture gradually
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decreases in the actual creep process. However, the Burgers’
model has good fitting results at the early stage of creep, but
the creep deformation is gradually different from the actual
deformation after the creep migration period. -erefore, the
Burgers’ model is more ideal, and the modified Burgers’
model is closer to reality.

3.3. Analysis of the Photocatalytic Degradation Test of Auto-
mobile Exhaust. -e photocatalytic degradation test was
carried out for the asphalt mixture with and without TiO2
nanoparticles to monitor CH and NOx contents using the
automobile exhaust gas analyzer. -e initial concentra-
tions of CH for the base original asphalt mixture as well as
the nano-TiO2-modified asphalt mixture are 115 ppm and

119 ppm, respectively. -e initial concentrations of NOx
for the base original asphalt mixture as well as the nano-
TiO2-modified asphalt mixture are 112 ppm and 95 ppm,
respectively. Figures 11(a) and 11(b) present the PDR and
CV of CH for the base original asphalt mixture as well as
the nano-TiO2-modified asphalt mixture. It is observed
intuitively in Figure 11(a) that the PDR value of CH for
both asphalt mixtures increase first and then decrease
with time. In Figure 11(b), CH is continuously decreasing
with time, which shows that the photocatalytic degra-
dation rate of nano-TiO2 for CH in mixtures will grad-
ually decrease with the reaction time. When the reaction
time is about 20min, the PDR of nano-TiO2 for CH
reaches the maximum, and the PDR value is about
1.0 ppm/min.
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Figure 11: Photocatalytic degradation test results of automobile exhaust for asphalt mixtures with and without nano-TiO2. (a) PDR of CH.
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Figures 11(c) and 11(d) present the PDR and CV of NOx
for the base original asphalt mixture and nano-TiO2-modified
mixture. From Figure 11(c), the photocatalytic degradation
rate of nano-TiO2 for NOx has certain fluctuation and
generally shows a slight downward trend with the reaction
time. In Figure 11(d), it can be seen that the concentration of
NOx is continuously decreasing with the reaction time, which
shows that the PDR of nano-TiO2 for NOx in mixtures only
decreases slightly with the reaction time.

-e nano-TiO2-modified asphalt mixture has a very
positive influence for purification of CH and NOx. Due to the
PDR above 0.4 ppm/min, purification of CH by the modified
asphalt mixture can be considered to occur mainly within 40
minutes during the reaction time, and the photocatalytic
degradation efficiency is relatively high. While, the photo-
catalytic degradation of NOx by the nano-TiO2-modified
asphalt mixture has a good degradation efficiency within 1
hour of the reaction time, although the degradation rate
fluctuates. -eoretically, the PDR and CV of the base asphalt
mixture will not change at all. However, the asphalt mixture is
a kind of porous structure material, which may have a certain
adsorption on CH and NOx, resulting in its change. In
general, adding nano-TiO2 can greatly improve the photo-
catalytic degradation treatment of automobile exhaust from
asphalt mixtures. Meanwhile, the photocatalytic degradation
effect of nano-TiO2-modifiedmixtures on NOx is significantly
better than that of CH.

4. Conclusions

In this work, nanomaterial (nano-TiO2) was used for asphalt,
and then, nano-TiO2-modified asphalt was also added into the
asphalt mixture. In addition, the conventional and rheological
indicators of base and nano-TiO2-modified asphalt, as well as
pavement performances and photocatalytic degradation of
automobile exhaust of base and nano-TiO2-modified asphalt
mixtures have been tested and analyzed. -e following
conclusions are drawn:

(1) Nano-TiO2 can enhance the mechanical perfor-
mances of asphalt. According to penetration and
softening point tests, adding nano-TiO2 was beneficial
to increase the viscosity and reduce the temperature
sensitivity, which would enhance its high-temperature
stabilization capability of asphalt.

(2) Rheological properties of asphalt can be improved by
TiO2 nanoparticles significantly. Compared to base
asphalt, nano-TiO2-modified asphalt has higher G∗
and lower δ. Addition of nano-TiO2 was beneficial to
enhance the capacity of high-temperature antirutting
of asphalt due to its larger rutting factor. -e growth
rate of the rutting factor for nano-TiO2-modified
asphalt changes from 5% to 13% when the tem-
perature range is 40°C∼80°C.

(3) Due to the larger creep stiffness modulus (not more
than 300MPa) and smallerm value (not less than 0.3),
the low-temperature anticracking property of nano-
TiO2-modified asphalt is weaker. According to duc-
tility results at 10°C and m values of the BBR test, the

low-temperature performance of nano-TiO2-asphalt
could also comply with the Superpave specification.

(4) According to the analysis of pavement performances,
adding nano-TiO2 can effectively enhance the anti-
rutting and anticracking performances and water
stabilization. Besides, the cumulative strain of as-
phalt mixtures can be accurately characterized by the
modified Burgers’ model.

(5) -e nano-TiO2-modified asphalt mixture has a positive
influence on the photocatalytic degradation of CH and
NOx, which could provide a reference for the treatment
of automobile exhaust. Meanwhile, the photocatalytic
degradation effect of nano-TiO2-modified asphalt
mixtures onNOx is significantly better than that of CH.
-e photocatalytic degradation of CH and NOx by the
nano-TiO2-modified asphalt mixture can be consid-
ered to occur mainly within 40 minutes and 1 hour,
respectively, during the reaction time.
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