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Abstract. In asphalt pavement thermal regeneration, incorporation of regenerant can restore the
properties of aged SBS modified asphalt, but the effect of regenerant on the recovery of aged
asphalt and the dosage of regenerant are not clear. In this study, experiments are carried to
determine the effect of regenerant on the performance of aged SBS modified asphalt and the
appropriate dose. Accelerated aging test is conducted by rolling thin film oven test (RTFOT) at
different times. Then, different doses of regenerant (2 %, 4 %, 6 %, 8 %, 10 %, 12 %) are added
to the specimens before and after aging, and test its technical indexes such as penetration,
softening point and ductility to analyze the effect of regenerant on the properties of aged asphalt.
The results show that: with the increase of the amount of regenerating agent, the aging asphalt
performance indexes are restored, the softening point of regenerated asphalt is reduced, and the
ductility and needle penetration are increased. Based on the analysis of the relationship between
the aging time of SBS modified asphalt and the amount of regenerant, interpolation fitting is
carried out to obtain the formula for the best amount of regenerant, so as to determine the best
regenerant dosage for aged asphalt mixes in actual engineering applications.
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1. Introduction

At present, SBS modified asphalt is widely used in the asphalt pavement surface of highways
in China. However, as time goes by, under the combined effect of air, sunlight and rain erosion,
the performance of aged asphalt will be degraded, and this change is hard to be reversed [1-3].
Therefore, scholars in the industry have conducted a lot of experimental researches on aging
asphalt pavements and have proposed a variety of asphalt pavement regeneration schemes [4, 5].
The use of regenerant to improve the performance index of aging asphalt has also been proposed
to restore the technical index of the original asphalt [6]. SBS modified asphalt is different from
other road petroleum asphalt that it can improve the performance of high temperature rutting
resistance and low temperature cracking resistance at the same time, so it is widely used in road
construction. At the microscopic level, asphalt aging is reflected in two aspects. On the one hand,
it is mainly based on oxidation, with the combination of chemical functional groups, such as
carbonyl groups, and on the other hand, aging is reflected on the loss of mass caused by the
volatilization of light components such as aromatic fractions. At the macro level, asphalt aging is
manifested as follows: as the service life increases, the softening point and viscosity of asphalt
gradually increase, and the ductility and needle penetration gradually decrease, which leads to the
deterioration of asphalt performance. As the performance of asphalt pavement decreases, the
problem of asphalt pavement regeneration arises. In response to this problem, Qiu Longliang et al
conducted an in-depth study on the mechanism of aging and regeneration of SBS modified asphalt
[7-9]; Wu Shaopeng et al conducted a study on the effect of regenerant on the performance index
and recovery of SBS modified asphalt [10].
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Thermal regeneration technology is used to recycle the original pavement asphalt mixture by
adding regenerant to the original pavement asphalt mixture in order to restore the indicators of the
asphalt [11-14]. Since the existing asphalt recycling tests mostly use trichloroethylene as the
solvent, and it is difficult to remove all trichloroethylene during the recycling process, it is
impossible to accurately determine the aging degree of the original pavement asphalt. In this paper,
we use asphalt RTFOT to simulate the aging of asphalt in the actual application process, analyze
the recovery effect of aging SBS modified asphalt by adding different doses of regenerant, and
further study the optimal amount of regenerating agent, which is of guiding significance for the
improvement and promotion of in-situ thermal regeneration technology.

2. Materials and methods
2.1. Experiment design

SBS modified asphalt is used as the test material, and its main physical property indexes are
tested and compared under five different aging times. Six different doses of regenerants are added
to each RTFOT aging period to form recycled asphalt, and the performance indexes of the recycled
asphalt and the original asphalt are analyzed to study the development pattern of asphalt
properties.

To prepare specimens representing different aging degrees, the aging test time periods are set
as 160, 200, 240, 280 and 320 min, and the aging oven temperature is set at 163 °C. The softening
point, ductility and penetration of the specimens are tested after aging for different periods to
analyze and compare the changes of their indexes. In order to prepare the regenerated asphalt,
different doses of regenerants are added to the aged asphalt. According to the change law of
asphalt performance before and after regeneration, the best dosage of regenerant for different
aging time asphalt is achieved.

2.2. Experiment
2.2.1. Technical indexes of material

The test is conducted using SBS modified asphalt produced by SK in Korea, and the regenerant
is RA 100 asphalt regenerant produced by Jiangsu Subtec New Materials Co. LTD. The regenerant
works by adjusting the viscosity of the old asphalt, softening the brittle and hard old asphalt
mixture, and adjusting the structure of the asphalt colloid. The performance indexes of modified
asphalt and regenerant are shown in Table 1 and Table 2.

Table 1. Technical indexed of original asphalt Table 2. Technical indexes of regenerant
Items Technical index Test value ltem Technical index Test
Resins / % 25.17 value
Component Asphaltenes / % 13.18 Resins / % 12.7
Aromatics / % 54.21 Component Asphaltenes / % 8.1
Saturates / % 6.03 Aromatics / % 61.8
Ductility (10 °C) / cm 40.6 Saturates / % 15.6
Penetration (25 °C) / 60.1 Flashing point / °C 237
Pbysical (0.1 mm) ) Viscosity (60 °C) / 615
index Viscosity (135 °C) / 2098 Physical : (P'c.rs) :
(Pa‘s) Index Viscosity ratio 18
Soften point / °C 60.2 after RTFOT )
Mass loss after 93
RTFOT /% )
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2.2.2. Asphalt aging test

Firstly, clean the bottles with trichloroethylene, weigh them, and inject SBS modified asphalt
(35%0.5) g. Then weight them and put the 8 bottles with asphalt in the oven after that. Close the
oven door and turn on the rotating switch with the rotating speed 15+0.2 r/min. Meanwhile, the
hot air with the flow rate 4000+200 mL/min is sprayed into the specimen in the rotating sample
dish. Set the oven temperature so that it recovers to 163 °C in 15 min, and heat the specimens for
160, 200, 240, 280, 320 min respectively. After reaching the heating time, stop the injection of
hot air and stop the rotation of the ring frame. Then, immediately remove the bottles and pour the
aged asphalt into the molds for determining the 3 major indicators of asphalt according to the
requirements of the specification [9]. All test items should be completed within 72 h.

2.2.3. Regenerant test

Put the regenerant in the oven at 140 °C for 30 min to make it flowing. Remove the aging
asphalt 10 min before it is about to reach the aging time, and then inject the heated regenerant
(2%, 4%, 6%, 8%, 10 %, 12 %). The dosage of regenerant is equal to the mass ratio of
regenerant to aging asphalt. After that, put the specimen into the rotating oven immediately. Rotate
and heat until the regenerated asphalt specimens reach the aging time and take them out.

2.2.4. Dynamic shear rheological test

The asphalt sample is prepared according to the method in 2.3. Dynamic shear rheological test
is carried out on aging asphalt with different amount of regenerant. The 70 °C rutting factor
(G*/sind) of the specimen is measured by temperature scanning mode, where G* is the complex
shear modulus of asphalt material, § is the phase angle of the bituminous material.

3. Results and analysis
3.1. Changes in technical indexes and data analysis after the addition of regenerant

In accordance with the requirements of “Highway Engineering Asphalt and Asphalt Mixture
Test Procedure JTG E20-2011”, the needle penetration, softening point and ductility of the
recycled asphalt specimens are tested, and the results are shown in Table 3-7.

Table 3. Technical indexes of regenerate asphalt after ageing for 160 min

Dosage of regenerant / % Ié%egg)ee(r(lﬁrit:;l; Ductility (10 °C) / cm | Softening point/ °C
2 39.8 15.2 63.6
4 45.6 16.3 62.4
6 51.7 18.2 61.3
8 59.8 26.2 60.1
10 62.7 29.6 58.6
12 64.1 342 56.3
Non-regenerant 37.5 14.0 64.5

From Table 3 to 7, it can be seen that the indicators of needle penetration and ductility of
recycled asphalt recovered well, while the indicators of softening point did not recover
significantly.

Line charts are drawn to directly reflect the relationship between the physical indexes of
recycled asphalt and the variation of the regenerant dosage, shown in Figs. 1-3.

From Figs. 1-3, it can be seen that with the increase of regenerant dosage, all the performance
indexes of aged asphalt are restored, with the softening point of regenerated asphalt reduced, and
the ductility and needle penetration increased. Once the asphalt is aged, the proportion of
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aromatics decreases, and the proportion of asphaltenes increases. The mechanism of asphalt
regeneration is to readjust the content of the components of aged asphalt, that is, by adding
regenerating agents and other methods to obtain recycled asphalt that can meet the performance
of the road [8].

Table 4. Technical indexes of regenerate asphalt after ageing for 200 min
Needle penetration
(25°C) /(0.1 mm)

Dosage of regenerant / % Ductility (10 °C) / cm | Softening point/ °C

2 39.6 14.3 64.3
4 453 15.5 63.4
6 50.7 17.7 62.1
8 58.9 254 60.8
10 61.9 28.1 59.3
12 63.9 335 57.8
Non-regenerant 36.1 12.7 65.4

Table 5. Technical indexes of regenerate asphalt after ageing for 240 min
Needle penetration
(25 °C) /(0.1 mm)

Dosage of regenerant / % Ductility (10 °C) / cm | Softening point/ °C

2 39.2 13.8 65.2
4 44.6 15.1 64.7
6 50.1 17.5 63.1
8 56.2 243 61.8
10 60.1 27.5 60.4
12 63.5 32.7 58.7
Non-regenerant 34.4 11.8 66.0

Table 6. Technical indexes of regenerate asphalt after ageing for 280 min
Needle penetration
(25 °C) /(0.1 mm)

Dosage of regenerant / % Ductility (10 °C) / cm | Softening point / °C

2 38.8 11.4 66.1
4 43.7 13.5 65.2
6 48.3 15.3 63.4
8 53.1 21.5 62.3
10 57.1 25.2 61.1
12 61.8 30.3 59.4
Non-regenerant 33.8 10.0 67.2

Table 7. Technical indexes of regenerate asphalt after ageing for 320 min

Needle penetration
(25 °C) /(0.1 mm)

Dosage of regenerant / % Ductility (10 °C) / cm | Softening point / °C

2 38.7 9.2 66.9
4 43.0 11.7 65.4
6 46.1 12.9 64.1
8 49.8 18.3 62.6
10 54.3 22.7 61.5
12 59.8 27.6 59.8
Non-regenerant 33.1 8.6 68.2

3.2. Analysis of dynamic shear rheological test results

Rutting factor (G*/sind) can characterize the high-temperature performance of asphalt
materials. The higher the rutting factor, the stronger the resistance to denaturation under high
temperature conditions. The change trend of 70 °C rutting factor with aging time and the amount
of regenerant is shown in Fig. 4. It can be seen from the figure that the rutting factor of recycled
asphalt decreases with the increase of the amount of regenerant, indicating that the addition of
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regenerant will affect the high temperature performance of asphalt. This is because the addition
of regenerant can improve the rheological properties of recycled asphalt, but when the amount is
too high, it will have an adverse impact on the high-temperature shear resistance of asphalt, so the
appropriate amount of regenerant should be selected.
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Fig. 3. The relationship between softening point and regenerant dosage
3.3. Analysis on the optimal dosage of regenerant

In Table 3, after 160 mins of RTFOT on SBS modified asphalt, the regenerated asphalt with
8 % regenerant addition receives the closest needle penetration and softening point to the original
modified asphalt. So, 8 % regenerant is selected as the optimal dosage of regenerant for asphalt
performance recovery after 160 mins of RTFOT. In Table 4, for SBS modified asphalt after
200 mins of ageing, the needle penetration and softening point of the recycled asphalt obtained by
adding 8 % regenerant and 10 % regenerant are closer to the original modified asphalt, so the
index of needle penetration is compared to select optimal dosage of regenerant. The interpolation
equation is shown in Eq. (1). In Table 5, the regenerated asphalt with 10% regenerant addition
receives the closest needle penetration and softening point to the original modified asphalt. So,
10 % regenerant is selected as the optimal dosage of regenerant for asphalt performance recovery
after 240 mins of aging. In Table 6, for SBS modified asphalt after 280 mins of ageing, the needle
penetration and softening point of the recycled asphalt obtained by adding 10 % regenerant and
12 % regenerant are closer to the original modified asphalt, so the index of needle penetration is
compared to select optimal dosage of regenerant. The interpolation equation is shown in Eq. (2).
In Table 7, the regenerated asphalt with 12 % regenerant addition receives the closest needle
penetration and softening point to the original modified asphalt. So, 12 % regenerant is selected
as the optimal dosage of regenerant for asphalt performance recovery after 320 mins of aging:

60.1 — 58.9

0 — 0 1
619-589 X2+ 8% =8.8%, (1)
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Fig. 4. Relationship between rutting factor and regenerant dosage

Since the optimal dosages of 8.8 % and 11.3 % are calculated, in order to describe the recovery
of the indicators of recycled asphalt more visually, the recovery of the indicators of the original
asphalt and the recycled asphalt with 8 %, 10 % and 12 % regenerant are as shown in Fig. 5.
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Fig. 5. Technical indexes recovery of regenerated asphalt

As can be seen from Fig. 5, the regenerant can recover needle penetration and softening point
of aging asphalt effectively, but the recovery of its ductility is not obvious. The reason is that the
regenerant ignores the low temperature plasticity of asphalt. Therefore, in order to achieve better
regeneration effect, a certain amount of the same new asphalt is added along with regenerant.
Regenerant works as supplement to the aromatics and helps to adjust the chemical components
and content, but it cannot repair the degraded molecular chain. The new asphalt added can not
only adjust its chemical components, but also join chemical grafting reaction with aging asphalt
degradation products based on its original epoxy groups. Thus, the broken SBS molecular chains
of aged asphalt are reconnected, and the ductility of aged asphalt can be well restored.

The relationship between asphalt aging time and optimal regenerant dosage is summarized in
Table 8, and their fitted figure is shown in Fig. 5.

Table 8. Relationship between asphalt aging time and optimal regenerant dosage
Ageing time / min 160 | 200 | 240 | 280 | 320
Optimal dosage of regeneration/ % | 8.0 | 8.8 | 10.0 | 11.3 | 12.0

From Fig. 6, the fitted linear relationship between the optimal regenerant dosage and asphalt
aging time is obvious, when the correlation index R2 is greater than 0.987, the correlation is better.
The linear equation between the asphalt aging time and the regenerant dosage is in Eq. (3):

Y = 0.026X + 3.720, 3)
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where X is the ageing time, (min); Y is the dosage of regenerant, (%).

In practical applications, the three major indicators of the original asphalt pavement recycling
asphalt can be measured and compared with those of asphalt without regenerant in Table 3-7.
Then, according to the aging degree of asphalt, the aging time of the tested asphalt can be
determined by using numerical interpolation, and then be substituted into the above linear equation
to find the optimal regenerant dosage.

13 -

m  Tested Value
Linear relationship

10 -

Regenerant dosage/%

1 1 1 1 1
160 200 240 280 320

Ageing time/min

Fig. 6. Fitted figure of asphalt aging time and optimal regenerant dosage

4. Conclusions

By adding suitable dosage of regenerant in aged SBS modified asphalt, its resins, asphaltenes,
aromatics and saturates can be adjusted to recover the technical indexes of aged asphalt.

With addition of regenerant in recycled asphalt, the ductility cannot be recovered to original
index. To solve this problem, a certain amount of new asphalt of same component is added, since
it can reconnect the broken SBS molecular chains of aged asphalt by adjusting asphalt chemical
components and joining chemical grafting reaction with aging asphalt degradation products based
on its original epoxy groups.

To select optimal dosage of regenerant, different dosages of regenerant can be added in aged
asphalt and then the needle penetration and ductility are compared. When the needle penetration
and ductility are close to the original asphalt, the dosage can be selected as the optimal one.
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