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Performance and Mechanism of Waste Oil Recycled SBS Modified Asphalt
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Abstract: To explore the feasibility of using waste oil as a regenerating agent, the regeneration effect of different
regenerating agents on aged SBS modified asphalt was studied. Firstly, the performance of SBS modified asphalt
after regeneration was evaluated through conventional performance experiment and dynamic shear rheology (DSR)
experiment. Then, the regeneration mechanism of SBS modified asphalt was studied through atomic force microscope
(AFM), Fourier infrared spectroscopy (FTIR) and thermogravimetric (TG). The results show that XT-1 regenerant
and waste oil can recover the pentration, softening point and ductility of the aged SBS modified asphalt well. XT-1
regenerant can improve the low-temperature crack resistance of recycled asphalt. Waste oil has more obvious influence
on the fatigue life of aged SBS modified asphalt and has a better recovery effect on the viscoelasticity of recycled
asphalt, which can improve the degradation of SBS modifiers by aging. The addition of XT-1 regenerant and waste
oil both adjuste the components of the aged asphalt and improve its road performance, and no chemical reaction
occurres.
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Table 1 Basic indexes of asphalt regenerants
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Table 2 Basic indexes of SBS modified asphalt

Technical
Index Result .
requirement

Penetration(25 °C,5s,100 g)/(0. 1 mm) 64 60—-80
Penetration index 0. 05 >—0.4

Softening point/C 71.8 >55

5 °C ductility(5 cm+min~ ") /cm 44 =30

Kinematic viscosity (135 ‘C)/(Pa*s) 2.21 <3

SBS st A A AR Ak 233 h, UL
FEHMNITE 1a UV &4k, RN 50 C.
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A 2 000 r/min; fiEFE 15~20 min 5 & F 110 CHEFE
8 10 min, SR 5 BUR GRS i P s R R 2 4~5
WL BR 5 8 24 bl XT-1 B2 ) sUE HLIh 5 &4k
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N2 B 5 L3k 3.
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Table 3 Types and codes of asphalts

Asphalt type w(regenerant)/ % Code
4 A
8 B
Aged asphalt+XT-1
12 C
16 D
3 E
5 F
Aged asphalt+ waste oil
7 C
9 H
Aged asphalt 0 O

Index XT-1 Waste oil
60 °C viscosity/(mm”+s ") 195.0 37.2
Flash point/°C 226 230
15 °C density/(g+em ™) 0.970 0.782
1.2 HE
AT R B SBS s L A S
k2.
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Fig.1 Penetration of asphalts
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Fig. 3 Softening point of asphalts
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Table 4 LAS test model parameters of different asphalts

Asphalt type a C, C, D, K B A
Original 2.246 0.047 0.516 61.564 2.087 4.493 8542120
PAV 2.253 0.055 0.537 46.932 2.042 4.506 2675611
PAV+16%XT-1 2.269 0.606 0.027 62. 250 1.893 4.539 568 000 000
PAV+9% waste oil 2.581 0.081 0. 390 146. 272 2.574 5.160 10 755 875
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Table 5 Fatigue life of four kinds of asphalt under different

strain levels

times
Strain Original PAV PAV+ PAV-+ .
level/ % 16%XT-1 9% waste oil
1 8542 120 2675611 10 755 874 568 000 000
3 61 383 18 950 73482 1956 597
6 2726 834 3161 54 626
9 441 134 502 6 734
10 274 83 311 3909
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Table 6 DMT and adhesion before and after aging of SBS
modified asphalt

Asphalt type DMT/MPa Adhesion/nN
Original 879.9 5.4
PAV 1283.6 4.2
uv 1151.5 3.2
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Table 7 Summary of DMT and adhesion of regenerating SBS modified asphalt

PAV + regenerant UV -+ regenerant

Regenerant w(regenerant)/ %
DMT/MPa Adhesion/nN DMT/MPa Adhesion/nN
4 1575.65 3. 10 673. 80 6.85
8 1173.40 3.15 637. 80 6.90
XT-1
12 457. 60 4.10 532. 80 6. 50
16 449.56 3.95 308. 15 6.90
3 253.90 6.20 621. 50 5.40
5 234.25 6.40 415.10 5. 20
Waste oil
7 173. 45 6.10 139. 10 7.45
9 90. 10 7.00 82.90 6. 50
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Fig.4 FTIR spectra of SBS modified asphalt regenerated
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Table 8 CI, SI, BI of UV aging and regenerated SBS modified
asphalt with regenerant and waste engine oil

Asphalt type CI SI BI
Original 0.034 0.017 0.051
uv 0.055 0. 041 0.034
UV+16%XT-1 0.063 0.025 0.031
UV+9%waste oil 0. 059 0.034 0. 050
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Table 9 Thermal decomposition temperatures of different

asphalts
C
Asphalt type 5% mass loss 50% mass loss
Original 303.55 436. 20
PAV 294.17 434. 34
uv 303.53 438.70
PAV+16%XT-1 278.49 428.69
PAV+9%XT-1 288. 50 433.71
UVA+16%XT-1 278.47 425.37
UV+9%XT-1 283. 50 431.19
4 it
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