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For aged asphalt, as the content of light component gets smaller with the passing of time,
the performance of the asphalt mixture would degrade accordingly. This study aims to
develop an anti-aging material that can supplement light component to asphalt pavement
during its service process, thereby suppressing the aging of asphalt and prolong the
service life of the road surface. At first, this study carried out four-component separation
test to measure the loss mass of light component; then in the experiment, the oil shale
wastes were impregnated in light component to determine its adsorption capacity to the
light component. After that, according to the loss of asphalt light component after long-
term aging and the adsorption ratio of anti-aging materials with different particle sizes for
light component, the amount of anti-aging material to be added was determined;
moreover, via rutting test, beam bending test, and freeze-thaw splitting test, the high-
temperature stability, low-temperature crack resistance, and water stability of the asphalt
mixture modified by the proposed anti-aging material had been verified, and the results
proved that the proposed anti-aging material can well suppress the aging of asphalt

mixture.

1. INTRODUCTION

Oxygen, sunlight, temperature, moisture, and other factors
can cause asphalt aging during its service as road pavement [1-
51, which can severely degrade the performance of the asphalt
pavement and greatly shorten its service life. In such case,
special treatment measures are required to suppress the aging
of asphalt pavement, so developing anti-aging materials is
very meaningful for improving the performance of asphalt
pavement and prolonging its service life [6-10].

Physical and chemical reactions such as oxidation,
volatilization, and polymerization can all cause the asphalt to
age [11-13], but essentially, the common mechanism is the
reduction of light component in asphalt. At present, there’re
mainly two types of anti-aging treatment measures, one is to
add anti-aging materials, such as antioxidants, controlled
release agents, and UV absorber; the other is to treat modifiers
with processes such as intensified distillation, epoxy oil
impregnation, and microwave irradiation [14, 15].

The idea of this paper is not to prevent the volatilization of
light component in the asphalt, but to supplement light
component to the asphalt during its service, so as to balance
the light component and slow down the aging process of
asphalt. The objective of the experiment is to store the light
component in the carrier material and use it to replace a certain
amount of aggregates with the same particle size, and then use
the new material to prepare the asphalt mixture, thus, it’s
necessary to choose the right carrier material and the light
component supplement material in the experiment.
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After kerogen has been extracted from oil shale, a lot of
wastes would be left, in which a large number of microscopic
pores could be observed under the action of high temperature,
and it is a good option for carrier material. China has rich oil
shale reserves, each year, a large amount of oil shale wastes
would be produced, which can ensure the supply of such
carrier material.

In this study, the oil shale wastes were impregnated in light
component, then the wastes adsorbed with light component
were taken as the anti-aging material and used to replace a
certain amount of aggregates with the same particle size. Then,
the light component adsorbed in the wastes released slowly in
the aged asphalt to supplement light component for it, thereby
suppressing its aging. After that, the basic properties of the
asphalt mixture before and after aging were tested to verify the
effect of the anti-aging material, in the purpose of providing a
new method for suppressing asphalt aging.

2. TEST MATERIALS AND METHODS
2.1 Materials

Table 1. Basic properties of asphalt (Maoming 70#)

Asphalt Penetration Ductility Softening Standard Viscosity
P /0.1mm/25°C /em/5°C  Point /°C /(Pa.s)/60°C
Maoming
708 68 55 45.7 141
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The type of asphalt used in the experiment is Maoming 70#,
its basic properties are listed in Table 1. The aggregate used in
the experiment is basalt, and its basic properties are listed in
Table 2. The oil shale wastes came from an oil shale waste
storage area in Jilin Province of China, and the light
component is diesel 5#.

Table 2. Basic properties of aggregate (basalt)

Test item Test result Technical requirement
Water absorption rate (%) 0.323 <3
Bulk density 2.482 —
Apparent density 2.691 >2.5
Content of needle-shaped
particles (%) 10.8 =I5
Crushing value (%) 219 <28

2.2 Methods

2.2.1 Long-term aging of asphalt

In this study, asphalt was subject to Thin Film Oven Test
(TFOT) for short-term aging, the test was carried out in
accordance with the Standard Test Methods of Bitumen and
Bituminous Mixtures for Highway Engineering (JTG E20-
2011) (hereinafter referred to as Standard Test Methods). After
short-term aging, 50 = 0.5g of the asphalt sample was weighed
and placed on a sample tray, and then put into a pressure aging
vessel, the air pressure was set to 2.1MPa#0.1MPa, the
temperature was set to 105°C, and the time was set to 20h.

2.2.2 Determination of components in asphalt

This study adopted the four-component separation method
mentioned in the Standard Test Methods in the experiment,
asphalt and the aged asphalt obtained after the long-term aging
test were subject to four-component separation, and the results
showed that, after long-term aging, the content of asphalt
component increased by 5.4%, the gum component increased
by 6.9%, the aromatic component decreased by 8.1%, the
saturated component decreased by 4.2%, and the light
component decreased by 12.3%. The obtained data are shown
in Table 3.

Table 3. Content of asphalt components before and after

asphalt aging (%)
Asphalt Gum Aromatic  Saturated
component component component component
Un-aged 31.85 6.23 49.21 12.71
Long-term aged  37.25 13.13 41.11 8.51

2.2.3 Determination of oil shale wastes’ adsorption capacity
for diesel

For the oil shale wastes, both particle size and porosity can
affect the adsorption capacity; and for wastes produced in
different places and processed by different methods, there’re
significant differences in their adsorption capacity for light
component. In our experiment, at first, the oil shale wastes
were crushed in a mixer, wastes of three particle sizes 1.18 mm
0.6 mm and 0.3 mm were screened out; then, for each size, 150
g of crushed wastes were weighted and soaked in the light
component to stand for 24 h. After that, the wastes absorbed
with light component were filtered by a filter screen, their
surface was dried, in this way, the anti-aging material had been
attained, see Figure 1. Then, their mass values were weighted
to get the adsorption ratio of light component adsorbed by oil
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shale wastes with different particle sizes, the data are given in
Table 4.

Figure 1. Filtered oil shale wastes of three different particle
sizes after soaked in diesel

Table 4. Adsorption ratio of light component adsorbed by oil
shale wastes with different particle sizes

Mass Particle size Mass of adsorbed diesel Adsorption
(g) (mm) (2) ratio
150 1.18 29.1 0.19
150 0.6 44 0.29
150 0.3 55.6 0.37

2.2.4 Grading design of anti-aging asphalt mixture

In the experiment, at first, the content of anti-aging material
added to the asphalt mixture was determined according to the
loss mass of light component of the long-term aged asphalt and
the adsorption ratio of anti-aging materials with different
particle sizes for light component. Then, standard Marshall
test pieces (mass of 1200g) mixed with the anti-aging material
were prepared, based on a diesel-asphalt of 5%, the asphalt
content of the first test piece was calculated to be 57.15g; also,
according to the four-component separation test, after short-
term aging, the light component loss of the asphalt was 12.3%,
so for the 1200g asphalt mixture, after aging, the loss mass of
light component was 7.03g. For the oil shale wastes with three
particle sizes of 1.18mm, 0.6mm and 0.3mm, their respective
adsorption ratio for light component was 0.19, 0.29 and 0.37.
Taking the AC-16 gradation as an example, as shown in Table
5, the aggregate mass of three particle sizes of 1.18mm, 0.6mm
and 0.3mm was 108.59g, 68.58g, and 45.72g, respectively;
and the proportion of the three was 48.7%, 30.8% and 20.5%.
In order to keep the total mass of asphalt mixture unchanged,
with a same ratio, the anti-aging material of three particle sizes
was used to replace a certain amount of aggregates of the same
particle size, that is, the anti-aging material of 1.18mm particle
size used 48.7%, the anti-aging material of 0.6mm particle size
used 30.8%, and the anti-aging material of 1.18mm particle
size used 20.5%. Therefore, to supplement 7.03g of light
component, the used anti-aging material of particle size
1.18mm, 0.6mm, and 0.3mm was 21.42g, 9.61g, and 5.33g,
respectively. In this paper, two gradation types AC-16 and
SMA-16 were taken as control groups, according to the loss
mass of light component, 60%, 80%, 100%, 120%, and 140%
of light component was supplemented for them in the
experiment, and the corresponding addition amount of anti-
aging material for different light component supplement
amounts was designed, as listed in Table 6.

Table 5. AC-16 and SMA-16 asphalt mixture

Mixture Mass percentage (%) passing through the sieve mesh (mm)

type 16 132 9.5 4.75 2.36 1.18 06 0.3 0.15 .075
AC-16 95 88 73 46 31 215 155 115 85 6
S'\l"6A' 95 75 55 27 24 21 16 12 9 8




Table 6. Addition amount of anti-aging material in asphalt
mixture (g)

Gradation Supplement amount of Particle size(mm)

type light component (%) 1.18 0.6 0.3
60 12.85 5.77 3.2

80 17.14 7.67 4.26

AC-16 100 21.42 9.61 5.33
120 25.7 11.53 6.4

140 29.99 13.45 7.46
60 6.61 7.82 5.2

80 8.82 10.42 6.93

SMA-16 100 11.02 13.03 8.66

120 13.22 15.64 10.39

140 15.43 18.24 12.12

2.2.5 Basic properties of asphalt mixture before and after aging

For asphalt mixtures of different gradation types, according
to the requirements stipulated in the Technical Specifications
for Construction of Highway Asphalt Pavements (JTG F40-
2004) (hereinafter referred to as the Specifications), asphalt
mixture samples with and without the anti-aging material were

prepared. The preparation method of aged asphalt mixture was:

first, asphalt and aggregate were heated in a 165 °C oven for 4
hours, stirred every 1 hour, and then fabricated into test pieces
according to the requirements of the Specifications, the
attained short-term aged asphalt mixture was heated in a 85 °C
oven for 120 hours, then the test pieces were taken out and
cooled naturally to get the long-term aged asphalt mixture,
which was then subject to the rutting test, beam bending test,
and freeze-thaw splitting test respectively in the experiment.

3. RESULTS AND DISCUSSION

3.1 Effect of the active anti-aging material on high
temperature stability

According to Figures 2 and 3, the addition of anti-aging
material had no negative impact on the high-temperature
stability of the asphalt mixtures of two types of gradation
under un-aged state. Since the selected particle sizes of oil
shale wastes were 1.18mm, 0.6mm, and 0.3mm, the large
particle size aggregates acted as the skeleton, while the small
particle size aggregates acted as the filler, and the added
material only accounted for about 3% in the total mass of the
asphalt mixture, so it had no impact on the performance of the
asphalt mixture. After aging, due to the loss of light
component or its conversion to other components, the asphalt
mixture became harder and more brittle; the dynamic stability
of AC16 mixture increased by 71%, after the anti-aging
material had been added, it increased by 50~60.9%; as for the
SMA16 mixture, its dynamic stability increased by 75.5%,
after the anti-aging material had been added, it increased by
49.8~62.1%. After the aging of the mixtures of the two types
of gradation, the changes of their dynamic stability both
decreased with the increase of the supplement amount of light
component. Before the supplement amount of light component
reached 100%, the changes were faster, after the supplement
amount reached 120%, the changes gradually tended to be
stable. The reason was that a part of the anti-aging material
volatilized during mixing and aging processes, so when the
supplement amount of light component reached 140%, it was
not much different from a supplement amount of 120%,
indicating that the light component had reached saturation.
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Figure 2. Dynamic stability of asphalt mixture before and
after aging
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Figure 3. Increment rate of dynamic stability of asphalt
mixture before and after aging

3.2 Effect of active anti-aging material on low-temperature
crack resistance
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Figure 4. Ultimate bending tensile strain

As can be seen from Figures 4 and 5, the addition of anti-
aging material had no negative impact on the low-temperature
crack resistance of the asphalt mixtures of two types of
gradation under un-aged state. After aging, the ultimate
bending tensile strain of AC-16 mixture decreased by 29.2%,
after the anti-aging material had been added, it decreased by
18.9-24.5%; as for the SMA-16 mixture, its ultimate bending
tensile strain decreased by 27.6%, after the anti-aging material



had been added, it decreased by 16.9~22.5%. For mixtures of
the two types of gradation, after aging, both of their ultimate
bending tensile strain decreased with the increase of the
supplement amount of light component; the changes were
faster when the supplement amount of light component was
between 0 and 100%; while when the supplement amount was
between 100% and 140%, the changes were gentler.
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Figure 5. Decrement rate of ultimate bending tensile strain

3.3 Effect of active anti-aging material on water stability
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Figure 7. Decrement rate of TSR
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As can be seen from Figure 6 and 7, the addition of anti-
aging material had no negative impact on the water stability of
the asphalt mixtures of two types of gradation under un-aged
state. After aging, the TSR of AC-16 mixture decreased from
88.5% to 66.3%, the decrement was 25.1%, after the anti-
aging material had been added, the decrement was 15.7-21.2%.
As for the SMA-16 mixture, its TSR decreased from 83.4% to
61.4%, the decrement was 26.4%, after the anti-aging material
had been added, the decrement was 14.2~22%. For mixtures
of the two types of gradation, after aging, both of their TSR
decreased with the increase of the supplement amount of light
component, the changes were faster when the supplement
amount of light component was between 0 and 120%; when
the supplement amount was between 120% and 140%, the
effect was basically the same.

4. CONCLUSION

This study conducted four-component test to measure the
loss mass of light component after asphalt aging, designed
addition amount of anti-aging material for different light
component supplement amounts according to the oil shale
wastes’ adsorption capacity for light component, and
performed rutting test, beam bending test, and freeze-thaw
splitting test on asphalt mixtures before and after aging; after
comparing the changes in the performance of the asphalt
before and after aging, the effect of the anti-aging material had
been verified, and follow conclusions were attained:

(1) The addition of anti-aging material had no negative
impact on the high-temperature stability, low-temperature
crack resistance, and water stability of the AC-16 mixture and
the SMA-16 mixture under unaged state.

(2) The addition of anti-aging material had significant anti-
aging effect on AC-16 mixture and SMA-16 mixture, the
changes in their high-temperature stability, low-temperature
crack resistance, and water stability became smaller obviously.

(3) With the increase in the addition of anti-aging material,
the anti-aging effect improved fast when the supplement
amount of light component was less than 120%; after the
supplement amount reached 120%, the improvement of anti-
aging effect slowed down, therefore, the optimal addition
amount of the anti-aging material was 120% of the loss mass
of light component in asphalt.
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