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Abstract: Oil leak from vehicles is one of the most
common pollution types of the road. The spilled oil could
be retained on the surface and spread in the air voids of
the road, which results in a decrease in the friction
coefficient of the road, affects driving safety, and causes
damage to pavement materials over time. Photocatalytic
degradation through nano-TiO2 is a safe, long-lasting,
and sustainable technology among the many methods for
treating oil contamination on road surfaces. In this study,
the nano-TiO2 photocatalytic degradation effect of road
surface oil pollution was evaluated through the lab
experiment. First, a glass dish was used as a substrate
to determine the basic working condition of the test; then,
a test method considering the impact of different oil
erosion degrees was proposed to eliminate the effect of oil
erosion on asphalt pavement and leakage on cement
pavement, which led to the development of a lab test
method for the nano-TiO2 photocatalytic degradation
effect of oil pollution on different road surfaces.

Keywords: nano-TiO2, photocatalytic degradation, road
surface, oil pollutions, testing method

1 Introduction

With the rapid development of transportation in China,
the environmental problems associated with road traffic
operation cannot be ignored [1,2]. In recent years,
frequent incidents of oil pollution occurring in traffic
operation have caused serious impacts on roads and the
surrounding environment, and the negative impact of
traffic operations on the environment has become
increasingly prominent [3].

The main source of road surface oil pollution is the
leakage of motor vehicle fuels (gasoline and diesel) and
lubricants. Spilled oil will remain on the surface of the
road and spread in the air voids of the pavement, which
could result in a decrease in the friction coefficient of the
road, affect driving safety, and cause damage to
pavement materials over time, and thus reduce the
service life of the road [4]. At the same time, on the road
surface polluted by the oil spill, the road runoff formed
by rain erosion will cause secondary pollution of the
surrounding soil and water.

The photocatalytic degradation is a safe, long-
lasting, and sustainable technology in the treatment of
air pollutions [5–9] and road surface oils [10,11]. The
basic mechanism is that photocatalytic materials
will induce photo-oxidation–reduction reactions under
the action of light. When it is exposed to high energy
light, it generates highly reactive electron–hole pairs
on the surface, which will interact with dissolved
oxygen and water molecules adsorbed on the surface
of the material and eventually oxidize and degrade
the organic matter into inorganic substances such as
CO2 and H2O, as shown in Figure 1. The reaction
mechanism contains the following reaction formula (1)
to formula (9) [12,13].
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The aforementioned reaction process can be sum-
marized as formula (9):
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A large number of research studies have shown that
photocatalysts loaded onto suitable carriers can be effec-
tively applied for the treatment of oil pollution. For example,
Heller [14] conducted an outdoor experiment in which
100 µm diameter hollow glass spheres were loaded with
TiO2 and made to float on the water surface for oil pollution
degradation. Berry and Mueller [15] used TiO2 powder as the
photocatalytic material and adhered it to wood chips with
epoxy resin, and the test result showed that it could
effectively degrade petroleum pollutants on the water
surface. Zhang et al. [16] also evaluated nano-TiO2 in water
treatment. King et al. [17] and Yang et al. [18] found that the
photocatalytic technology was useful in the degradation of
the oil in the Deepwater Horizon spill accident.

Ziolli and Jardim [19] used photocatalytic technology
to analyze and determine the degradation of crude oil
with nano-TiO2. In this experimental study, nano-TiO2

was used as a photocatalyst under a UV light source, and
the result shows that the degradation rate of crude oil
could reach more than 90% after 24 h of UV irradiation.

Kim et al. [20] investigated the degradation of petroleum
hydrocarbons by the TiO2 suspension system. In 2002, a
7,000m2 environmentally friendly pavement was con-
structed in Milan, Italy, in which the photocatalyst was
mixed with cement slurry in a certain proportion and
then coated on the surface of the pavement, and the gas
test results showed that the degradation rate of the
photocatalyst on the pavement was still high for
nitrogen oxides after long-term use [21,22].

Research related to the application of photocatalytic
materials on pavements is also becoming an important
aspect of environmentally friendly pavement construc-
tion. Researchers [23–25] analyzed the degradation
properties of TiO2-doped pavement material on NOX

and found that nano-TiO2 did not adversely affect the
physical properties of pavement materials before and
after incorporation. Chen and Liu [26] prepared nano-
TiO2-containing specimens by infiltration technique
based on the porous characteristics of concrete and
investigated the effects of surface friction, humidity and
light intensity on the efficiency of NOX decomposition.
Based on vehicle emissions of decontamination by using
nanometer TiO2 of photocatalysis method, Ai and Chen
[27] had optimized the nano-TiO2 content, and surfactant
utilized the permeability technology to make concrete
with nano-TiO2. Chen et al. [28] examined the potential
use of heterogeneous photocatalysis as an innovative
oxidation technology and found that this technology can
reduce the damaging effects of vehicle emissions by
using nitrogen-doped (N-doped) TiO2 as a photocatalyst
coated on the asphalt road surface. The experimental
results showed that an N-doped TiO2 asphalt road
material has a higher activity compared with a pure
TiO2 asphalt road material under visible light irradiation.
Tseng and Kuo [29] found that the carbonaceous species
on the TiO2 surface plays an important role in the visible-
light absorption and photocatalytic degradation rates for
NOX and methyl orange through photoluminescence,
Raman, UV-vis, infrared, and X-ray photoelectron
spectroscopies. Lei et al. [30] evaluated the ball milling
process on the photocatalytic performance of CdS/TiO2

composite through X-ray diffraction and UV-Vis diffuse
reflectance spectroscopy methods. Zhang et al. [31] and
Ossai and Raghavan [32] evaluated the properties of
nano-modified materials for cement-based materials.

From the above literature review, it can be seen that
scholars have achieved much progress in the use of TiO2

for the treatment of oil pollution on water surfaces and
the construction of environmentally friendly roads.
However, in the current road engineering, there is a
lack of systematic studies on the quantitative effects and

Figure 1: Diagram of photocatalytic degradation mechanism.
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influence laws of TiO2 in degrading oil pollution on road
surfaces. Most of the applied research studies on the
treatment of oil pollutants by TiO2′ were focused on the
treatment of water surface oil pollution, while the studies
on the effects of photocatalytic degradation of oil pollution
on road surfaces and the corresponding test methods and
evaluation indexes for cement concrete or asphalt pave-
ments are still relatively few. Besides, many researchers
have found that the nanoparticles can potentially improve
the rutting and cracking resistance of asphalt mixtures,
which make the application of TiO2 on the asphalt
pavement to be more applicable [33–39].

The nano-TiO2 particles are in the dimension of
100 nm or less, which makes the nanoparticles have a
greater surface area and let them be more reactive with
oil spills [40,41]. In this study, a lab test method for
photocatalytic degradation of the effects of road surface
oil pollution was proposed to address the aforemen-
tioned problems. The glassware was used as a substrate
to initially explore the basic working condition para-
meters, and then asphalt pavement and cement concrete
were used as substrates to simulate the oil degradation
effect of the two types of the pavement surface.

2 Research methodology

Taking the oxidation ability, chemical stability and
economics of various photocatalytic materials into
consideration, nano titanium dioxide (nano-TiO2) was
selected as the test substrate because of the good
photocatalytic performance, stable properties and wide
application range. The nano-TiO2 was applied on
different substrates (simulating different pavement sur-
faces) by spraying and external penetration methods.

Accordingly, a lab test procedure for photocatalytic
degradation of oil on the road surface was proposed, and
a simulation test method for photocatalytic degradation of
oil on asphalt pavement and the concrete road surface was
developed based on the optimization of the test conditions
and the sensitivity analysis of the test parameters.

2.1 Test process design

For roads with a high risk of oil leakage and sensitive
environmental impact, it is important to apply the
protective nano-TiO2 coating on the road surface to
reduce the adverse effects of road surface oil pollution.
Therefore, in this study, the test procedure was designed
to analyze the effect of nano-TiO2 photocatalytic degra-
dation of road surface oil pollution, as shown in Figure 2.

The nano-TiO2 photocatalytic degradation test of
roadway oil stains was conducted in an environmental
simulation system designed in house, which consisted of
a light device and a temperature control device [42]. The
light illumination device uses a UV-LED light source
with a wavelength of 365 nm, including a controller and
an irradiation head; the controller can adjust the UV
output power of the light illumination device to adjust
the light intensity within the range of 0–150W/m2. The
illumination device is able to meet the requirements of
simulating a variety of UV irradiation intensities in the
test process.

In this study, the petroleum concentration and COD
(Chemical Oxygen Demand) values were selected as the
evaluation indicators. The samples collected were
assessed for water quality, the COD, and petroleum
concentration tests, and the main test instruments are
shown in Table 1, and the corresponding chemical
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Figure 2: Test flow diagram.
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reagents were stored according to the national sample
storage standard (GB12997-91).

The degradation rate index was defined and used for
the effect of photocatalytic pavement oil pollution,
which was calculated by the following formula (10):

( ) =

−

×

C C
C

Degradation rate % 100%,0 1

0
(10)

whereC0 is the contaminant concentration inwaterwithout
photocatalysis (mg/L) and C1 is the contaminant concen-
tration in water under photocatalytic conditions (mg/L).

2.2 Test materials

2.2.1 Nano-TiO2 technical parameters

In this study, the commercially available VK-TG01 nano-
TiO2 was chosen as the photocatalytic substrate, and its
main technical parameters are shown in Table 2.

Nanomaterials are prone to spontaneous agglomera-
tion during transportation and storage and transformed
into secondary particles with large particle size, which
may lead to a significant decrease in the photocatalytic
activity of the material. Therefore, it is necessary to
perform surface modification to effectively prevent
interparticle agglomeration and improve their photo-
catalytic activity.

2.2.2 Other materials and technical parameters

In addition to the nano-TiO2, the other test materials
involved mainly include the following:

2.2.2.1 Surface modifiers

The surface modifiers can effectively prevent agglomera-
tion between particles and improve the photocatalytic
activity of the nano-TiO2. The silane coupling agent was
chosen as the surface modifier of the material in the test,
and its main technical parameters are shown in Table 3.

2.2.2.2 Deionized water

The deionized water can be used as a solvent to prepare
the test material and to rinse the residual oil of the
specimen in the test. The main technical parameters of
the selected deionized water are shown in Table 4.

2.2.2.3 Carbon tetrachloride

The carbon tetrachloride selected in this study is an
environmentally friendly reagent used in conjunction
with the infrared oil detector, and its main technical
parameters are shown in Table 5.

Table 1: Indicators and methods for water quality testing

Serial number Test items Test method Testing equipment

1 COD GB11914-89 GDYS-201M (multiparameter water quality analyzer)
2 Petroleum SL93.2-94 MAI-50G (infrared oil detector)

Table 2: Main technical parameters of nano-TiO2

Appearance Crystallographic structure Water content Average particle size (nm) Specific surface area (m2/g) Purity

White powder Anatase ≤0.5% 20 50–100 ≥99.8%

Note: the water content is the percentage of dry weight loss after 2 h at 105°C.

Table 3: Main technical parameters of silane coupling agent

Density (g/cm3) Refractive index Boiling point (°C) Characteristics

0.949 1.423 213–216 Colorless to light yellow transparent liquid

Lab experiment on the Nano-TiO2 photocatalytic degradation effect  925



2.2.2.4 Hydrochloric acid

The hydrochloric acid was mainly used to acidify the
collected aqueous solution, and the main technical
parameters of the analytically pure hydrochloric acid
used in this test are shown in Table 6.

2.2.2.5 Lubricants

Since the lubricant spilled by motor vehicles is one of the
main sources of oil stains on the road, a commercial
lubricant was chosen to simulate oil stains in this test,
and its main technical parameters are shown in Table 7.

2.2.2.6 Anhydrous sodium sulfate

The anhydrous sodium sulfate was mainly used for the
dewatering of carbon tetrachloride extraction solution in
the test, and its main technical parameters are shown in
Table 8.

2.2.2.7 Sodium chloride

The sodium chloride was mainly used to reduce the
solubility of oil in water to facilitate extraction in the test,
and its main technical parameters are shown in Table 9.

2.3 Investigation for optimizing working
conditions of the test

The effect of the nano-TiO2 photocatalytic degradation
for the oil pollution is influenced by various conditions,

Table 5: Main technical parameters of carbon tetrachloride (CCl4)

Content Moisture Density (20°C, g/mL) Evaporation residue Acidity (H+, mmol/100 g) Characteristics

≥99.5% ≤0.02% 1.592–1.598 ≤0.001% ≤0.005 Colorless transparent

Table 6: Main technical parameters of hydrochloric acid

Content (HCl) Scorched residue Relative density (water = 1) pH Characteristics

36–38% ≤0.0005% 1.2 2–3 Colorless transparent

Table 4: Main technical parameters of deionized water

Conductivity (µS/cm) 1 μm particle number (units/mL) Bacteria number (units/mL) Characteristics

≤2.0 ≤500 ≤100 Colorless
Tasteless

Table 7: Main technical parameters of simulated oil stains

SAE rating Viscosity index Pour point (°C) Flashpoint (°C) Density (15°C, kg/mL)

20W-40 116 −27 223 0.89

Table 8: Main technical parameters of anhydrous sodium sulfate

Content (Na2SO4) Scorched residue Relative density (g/cm3) pH (25°C, 50 g/L) Characteristics

≥99.0% ≤0.2% 2.68 5.0–8.0 Colorless transparent crystal

Table 9: Main technical parameters of sodium chloride

Content
(NaCl)

Loss on
drying

Density
(g/cm3)

pH (25°C,
50 g/L)

Characteristics

≥99.5% ≤0.5% 2.165 5.0–8.0 Colorless crystal
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such as road surface condition, the amount of oil
pollution/nano-TiO2 and its ratio, ambient temperature,
light intensity, and light time [43]. Therefore, the
sensitivity analysis of the relevant parameters was
carried out in this experimental study.

Different road surface conditions have different
degrees of dissolution or leakage for oil pollution, which
may affect the determination of the degradation effect for
oil pollution. Therefore, in order to eliminate the influence
of different road surface conditions, a 12 cm diameter
glass dish substrate was used for the initial test.

In order to find the optimum test condition for the
nano-TiO2 usage, the ambient temperature, the luminous
intensity and response time, 11 different levels of nano-
TiO2 amount, 5 different ambient temperatures, 10 levels
of different luminous intensities and 12 different response
time levels were evaluated; the evaluating levels of

different conditions are shown in Table 10. The reference
group indicated that those parameters were kept un-
changed when other test conditions were changed to
conduct the sensitivity test. The test results are shown in
Figures 3–6.

2.3.1 Impact of nano-TiO2 amount

To evaluate the effect of different nano-TiO2 amounts on
the degradation effect, a total of 11 groups of tests were
conducted in this study as shown in Table 10. Among
them, the test group with 0 g/m2 of nano-TiO2 was used
as a blank control group. The corresponding results of
the degradation rates of petroleum and COD from the
experimental analysis are shown in Figure 3(a) and (b).

Table 10: Experimental schemes for working conditions optimization

Evaluation parameters Reference group

Nano-TiO2 usage (g/m2) 0, 4.4, 8.8, 13.3, 17.7, 22.1, 26.5, 31.0, 35.4, 39.8, 44.2 Nano-TiO2 usage is 4.4 g/m2, 26.5 g/m2

Ambient temperature (°C) 5, 15, 25, 35, 45 Luminous intensity is 30W/m2

Luminous intensity (W/m2) 0, 5, 10, 15, 20, 25, 30, 35, 40, 45 Test temperature is 25°C
Response time (h) 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8 Response time is 3 h
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Figure 3: Degradation rate test results for different amounts of
photocatalytic materials, (a) petroleum, (b) COD.
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Figure 4: Test results of degradation rates under different light
intensities, (a) petroleum, (b) COD.
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It can be seen from Figure 3 that when the amount of
nano-TiO2 coated on the specimen was less than 22.1 g/m2,
the more the amount of nano-TiO2, the better the degrada-
tion effect on simulated oil pollution; when the amount was
more than 22.1 g/m2, the degradation rate did not show any
significant change. However, from the perspective of
practical engineering application, the amount of nano-
TiO2 per unit area should not be toomuch, otherwise, it will
affect the road performance such as the skid resistance [44].

2.3.2 Impact of lighting intensity

In order to evaluate the influence of different light
intensities on the degradation effect, ten groups of
different lighting intensity levels were conducted in this
study, as shown in Table 10. Among them, the test group
with a nano-TiO2 dosage of 0 g/m2 was used as a blank
control group. The corresponding results of the degrada-
tion rates of petroleum and COD obtained from experi-
mental analysis are shown in Figure 4(a) and (b).

It can be seen from Figure 4 that under conditions of
different amounts of nano-TiO2, the increase in illumina-
tion intensity has a significant effect on the simulated oil
pollution degradation when the illumination intensity
was within a lower certain range; when the illumination
intensity was increased to a certain extent (for example,
when the illumination intensity is 30W/m2 or above),
the increase in illumination intensity had little effect on
the degradation rate of simulated oil pollution.

2.3.3 Impact of test temperature

In order to evaluate the influence of different test
temperatures on the degradation effect, five groups of tests
were conducted in this study as shown in Table 10. Among
them, the test group with a nano-TiO2 dosage of 0 g/m2 was
used as a blank control group. The corresponding results of
the degradation rates of petroleum and COD obtained from
test analysis are shown in Figure 5(a) and (b).

Figure 5 shows that within a certain test temperature
range, an increase in temperature can accelerate the
photocatalytic degradation reaction, but when the
temperature reached a certain level (up to 25°C in this
test), the reaction temperature did not have a significant
effect on the photocatalytic activity of material. The main
reason is that most of the photocatalytic redox reactions
are accompanied by endothermic or exothermic pro-
cesses, which could cause certain influence of test
temperature on the degradation effect, and the influence
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Figure 5: Test results of degradation rates under different ambient
temperatures, (a) petroleum, (b) COD.
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is relatively obvious especially under the low tempera-
ture condition. However, the main factor affecting the
effect of nano-TiO2 photocatalytic degradation was
still the electron–hole pairs excited by light, and the
increase in temperature will not affect the number of
electron–hole pairs that can be generated.

2.3.4 Impact of reaction time

In order to evaluate the influence of different reaction
times on the degradation effect, a total of 12 groups of
tests were conducted in this study as shown in Table 10.
Among them, the test group with 0 g/m2 of nano-TiO2

was used as a blank control group. The corresponding
results of the degradation rates of petroleum and COD
obtained from the experimental analysis are shown in
Figure 6(a) and (b).

FromFigure 6, it canbe seen that the longer the reaction
time, the better the degradation effect of the nano-TiO2 on
the simulated oil pollution under different dosages of nano-
TiO2; when a certain reaction critical time was reached, the
photocatalytic degradation rate was stable; the result has
shown that the critical time was reached faster with the
increase in nano-TiO2 amount. The result has shown that
the critical reaction time was 3–6 h.

Therefore, based on the above analysis, 26.5 g/m2 of
simulated oil contamination per unit area was used (i.e.,
0.3 g of oil contamination dropped onto the specimen
surface), and 3,000mL of water was used for rinsing the
specimen. The luminous intensity was 30W/m2, the
optimum test temperature was 25°C, and the selected
response time was 3 h. The optimized test conditions are
shown in Table 10.

3 Simulation test for
photocatalytic degradation of oil
asphalt pavement

When oil contamination occurs on road asphalt pave-
ment, the conditions of field road surface were quite

different from the previous simulation in glass dishes;
the main reason was that the asphalt corrosion could
increase the amount of pavement oil pollution during
the test process, thus affecting the determination of
degradation effect. Therefore, in the lab simulation study
of asphalt pavement, the key point is how to determine
the parameter C0 in the aforementioned equation (10).

3.1 Preparation of basal specimens and
coatings

In this test, the styrene butadiene styrene modified asphalt
with strong resistance to oil corrosion was used [45,46]. The
asphalt mixture was designed as dense-graded asphalt
mixtureAC-13C, and theaggregateof limestonematerialwas
used. The results of the specimen tests are shown inTable 11.

Rutting plate specimens were compacted according
to the national standard, and the specimens were cut
into 10 cm × 10 cm squares after it was formed, and the
surface of the specimens was used as a substrate
preparing for coating [47,48].

3.2 Treatment and analysis of asphalt
pavement erosion

The oil stains on asphalt pavement could cause corro-
sion and thus affect the oil photocatalytic degradation
test result; therefore, how to deal with this problem and
how to select the working conditions of the blank control
group in the test is the key to the simulation test method
of nano-TiO2 photocatalytic degradation of oil pollution
on asphalt pavement.

Degradation tests of the blank control group under
different working conditions were carried out, and the
petroleum and COD concentration at different times under
an oil amount of 30 g/m2 and a flushing water amount of
3,000mL were compared, and the test result is shown in
Figure 7. The working condition of T–G was the control
group with a nano-TiO2 coating of 0 g/m2, a light intensity
of 30W/m2, and a test temperature of 25°C on the glass

Table 11: Results of Marshall tests under best bitumen aggregate ratio

Asphalt
content (%)

Density
(g/cm3)

Air voids
VV (%)

Voids in mineral
aggregate, VMA (%)

Voids filled with
asphalt, VFA (%)

Marshall
stability (KN)

Flow
value (mm)

5.2 2.431 5.0 16.1 67.2 16.3 2.73

Lab experiment on the Nano-TiO2 photocatalytic degradation effect  929



substrate; working condition of T-A-1 was the test with a
nano-TiO2 coating of 0 g/m2, a light intensity of 30W/m2,
and a test temperature of 25°C on the asphalt substrate;
working condition of T-A-2 was the test with a nano-TiO2

coating of 30W/m2, a light intensity of 30W/m2, and a test
temperature of 25°C on the asphalt substrate; and working
condition of T-A-3 was the test with a nano-TiO2 coating
dosage of 5 g/m2, a light intensity of 0W/m2, and a test
temperature of 25°C on the asphalt mixture base.

It can be seen from Figure 7(a) and (b) that the
phenomenon for asphalt corrosion is obvious compared
with the glass dish substrate under the action of the oil.
Therefore, it is important to reasonably evaluate the
corrosion in the photocatalytic degradation test of oil on
asphalt pavement. The test results of the working
condition T-A-1 and T-A-2 were close to each other,
which indicated that the light intensity has little influence
on the asphalt dissolution degree without photocatalytic
materials. The coated material in working condition T-A-3
had a certain barrier effect on the contact between asphalt
and oil, and the degree of asphalt dissolution was smaller
than that in working conditions T-A-1 and T-A-2, which
was closer to the actual pavement condition.

Therefore, when conducting the nano-TiO2 photocata-
lytic degradation test of asphalt pavement oil pollution,
the working condition T-A-3 could be referred to as the
test conditions for the blank control group. The condi-
tion of T-A-3 was the nano-TiO2 amount of 5 g/m2, the
test temperature of 25°C, and the reaction time of 3 h for
test analysis; the impact of light intensity of 5, 10, 15, 20,
25, and 30W/m2; and the results of the degradation rates
for petroleum and COD are shown in Figure 8.

4 Simulated method of
photocatalytic degradation for
oil pollution on cement
pavement

In the case of oil pollution on cement pavement, the field
conditions for road surface were quite different from the
previous simulated working conditions of glass dish, and
the cement concrete pavement has obvious oil leakage on
its surface due to the porous properties, which could cause
the oil leakage to be included in the degradation amount
and could not reflect the actual degradation effect when
the nano-TiO2 photocatalytic degradation test was con-
ducted. Therefore, the determination of the parameter C0
in equation (10) was also a key consideration in the lab
simulate study for cement pavements.

4.1 Preparations of substrates and coatings

The typical #42.5 Portland cement was used in this test;
the limestone crushed stone with the particle size of
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Figure 7: Test results of degradation test in the blank control group,
(a) petroleum, (b) COD.
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Figure 8: Oil degradation rate of asphalt pavement under different
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4.75–26.5 mm was chosen as the coarse aggregate with
the water–cement ratio of 0.36, and natural river sand
was used as the fine aggregate to prepare for the test
specimens.

In the lab simulated test study of cement concrete
pavements, cement concrete specimens with dimensions
of 10 cm × 10 cm × 10 cm were prepared, and the nano-
TiO2 was loaded on their surfaces by external penetra-
tion for simulating cement concrete pavements coated
with nano-TiO2.

4.2 Treatment and analysis of the cement
pavement oil leakage problems

The problem of oil leakage on cement pavements during
degradation tests could affect the nano-TiO2 photocata-
lytic degradation test result of the pavement oil pollu-
tion; therefore, how to deal with this problem and how
to select the working conditions of the blank control
group in the test were also key to the simulation for oil
photocatalytic degradation on cement pavement.

The degradation test of the blank control group was
carried out to compare the petroleum concentration and
COD changes under the condition of 30 g/m2 of oil amount,
and the test result is shown in Figure 9. The base condition
for working condition T-G was a glass dish substrate, a
nano-TiO2 coating dosage of 0 g/m2, a light intensity of
30W/m2, a test temperature of 25°C; the base condition for
working condition T-C-1 was a cement pavement substrate,
a nano-TiO2 coating dosage of 0 g/m2, a light intensity of
30W/m2, a test temperature of 25°C; the base conditions for
working conditions T-C-2 and T-C-3 were the same as those
for working condition T-C-1, except that the initial oil
contamination of the substrate under the two conditions
was 60 and 90 g/m2, respectively.

It can be seen from Figure 9(a) and (b) that
compared with the glass dish substrate, the cement
pavement substrate had a significant oil leakage
phenomenon, which indicated that it should be reason-
ably considered the oil leakage when conducting the
nano-TiO2 photocatalytic degradation test of cement
pavement oil pollution. The test results under working
conditions of T-C-1, T-C-2, and T-C-3 showed that the
cement concrete substrate had a saturation capacity of
oil leakage from the pavement, and no further leakage
could occur after the saturation capacity was reached.

During the oil pollution degradation of the cement
pavement, the reduction in the amount of oil pollution
comes from the amount of degradation and the amount

of leakage. Therefore, during the nano-TiO2 photocata-
lytic degradation test for the oil pollution of the cement
pavement, the saturated leakage amount is deducted
from the test, and the specimens are subjected to 3 h of
leakage as a blank control group. The basic working
condition is the nano-TiO2 amount of 5 g/m2; the light
intensity of 5, 10, 15, 20, 25, 30, and 35W/m2; the test
temperature of 25°C; and the reaction time of 3 h for the
test analysis, and the results of degradation rates for the
petroleum and COD are shown in Figure 10.
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Figure 9: Test results of degradation test in the blank control group,
(a) petroleum, (b) COD.
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5 Conclusions

In this study, aiming at the treatment of oil pollution for
pavements in road operation, the lab testing and
evaluation methods for the degradation of oil pollution
from road surfaces through nano-TiO2 were conducted,
the following conclusions can be drawn:
(1) A lab test method for the determination of the effect

of photocatalytic degradation for oil pollution on the
road surface by nano-TiO2 was proposed, and the
standard working conditions of the test method were
determined by optimizing the test conditions of
ambient temperature, light intensity, and illumina-
tion time on the glass substrate.

(2) As the oil corrosion of asphalt greatly impacts the
test result oil degradation on asphalt pavement, a
test method was proposed in this research which is
able to eliminate that by reasonably selecting the
working conditions of the blank control group for
the test.

(3) As the oil leakage greatly affects the photocatalytic
degradation test result of the oil pollution on cement
concrete pavement, a method was proposed to
eliminate the oil leakage impact by reasonably
selecting the working conditions of the blank and
control group for the test.

Conflict of interest: The authors declare no conflict of
interest regarding the publication of this paper.
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