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Abstract: The rheological parameters and microscopic indexes of the original, short-term aging, long-term
aging and regenerated asphalts were tested by dynamic shear rheometer (DSR), bending beam rheometer
(BBR), infrared spectrometer(IR)and scanning electron microscope(SEM). The relationship of rheologi-
cal parameters and microscopic indexes was established by grey correlation analysis, combined with Com-
sol numerical analysis results, the regeneration mechanism of microwave sensitive asphalt rejuvenate agent
was studied. The results show that the correlation degree between storage modulus, loss modulus, com-
plex shear modulus and component and functional groups change of asphalt is greater than 0.8, and the
correlation degree between m value and bitumen resin is 0. 743, the correlation degree is better. Microwave
sensitive asphalt rejuvenate agent can restore the proportion of the aged asphalt component and the number
of functional groups by component adjustment, and the microwave heating material and the emulsion sys-
tem accelerate the fusion of the regeneration agent and the aged asphalt.
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Table 1 Related technical indexes of YG-1

Index Test result  Test method

Demulsification speed Slow-breaking T0658
Particle charge Nonionic T0653

Sieve residue(1. 18 mm) (by mass)/ % 0.02 T0652
Enge la viscosity 6. 20 T0622
Evaporation residual content(by mass)/ % 63. 4 T0651
Residue solubility(by mass)/ % 83.9 T0607
Storage stability at room temperature 0.3/0.8 To655

(1d/5d)(by mass)/%
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Table 2 Basic indexes of Panjin 907 asphalt
Aging Testing Test
Index
status results  method
Penetration(25 ‘C) /(0. 1 mm) 85 T0604
No aging Softening point/C 47.5 T0606
Ductility (10 C) /cm 36. 2 T0605
Mass change/ % —0.27 To610
RTFOT Penetration(25 ‘C) /(0. 1 mm) 54 T0604
Ductility (10 C) /cm 8.8 T0605
L2.1 Ayl
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Table 3 Indexes of aged asphalt

Aging Testing  Test
Index

status results method
Penetration(25 “C) /(0. 1 mm) 54 T0604

RTFOT Softening point/C 49.3 TO0606
Ductility (10 C) /cm 8.8 T0605

RTFOT+ Penetration(25 C) /(0.1 mm) 34 T0604
PAV Softening point/C 56.0 TO0606
(20 h) Ductility(10 °C) /cm 3.9 T0605
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Table 4 Indexes of regenerated asphalt at different contents of YG-1

. w(YG-1)/ Penetration Softening  Ductility
Sample o o o
% (25°C)/€0. 1 mm) point/°C (10 °C)/cm
Original asphalt 0 85 47.5 36.2
RTFOT+
PAV(20 h) 0 34 56.0 3.9

aged asphalt

8 46 54.1 14. 2

Regenerated 10 64 49. 3 24.9
asphalt

by YG-1 12 87 45.9 33.2

14 98 41.4 31,1
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Fig.1 Infrared spectra of four kinds of asphalt
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Table 5 Calculation results of Icy /cn, «Icn =cu, of four Kinds of asphalt

%

Sample I\‘“ CH. I('“ =CH

Original asphalt 27.7 21.7

RTFOT aged asphalt 23.9 19.1
RTFOT+PAV (20 h)aged asphalt 16. 5 12. 8
Regenerated asphalt by YG-1 25.1 22.3
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Fig. 2 SEM images of four kinds of asphalt
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Table 6 Four component test results of four kinds of asphalt

w/ %

Sample At R Ar Sa
Original asphalt 9.42 27.44 41.12 22.02
RTFOT aged asphalt 11.12 28.69 39.53 20.66

RTFOT+PAV(20 h)aged asphalt 13.57 30.51 36.27 19.65
Regenerated asphalt by YG-1 9.82 27.41 41.05 21.72
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Table 7 I, of four kinds of asphalt

w(R+ w(At+

Sampl L.
ampie AD/Y% Sa)/%
Original asphalt 68.56 31. 44 2.18
RTFOT aged asphalt 68. 22 31.78 2.15

RTFOT+PAV(20 h) aged asphalt 66.78 33.22 2.01
Regenerated asphalt by YG-1 68. 46 31.54 2.17
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Table 8 Parameters change ratio of four kinds of asphalt at aging and regenerating process %
Tey oo Tey —c G' rati
Sample At ratio R ratio Ar ratio o fll' o _(”' _ r:l‘lo
ratio ratio (58 °C)H
Original asphalt 85.4 96. 4 104. 2 96.9 99.8 5.0
RTFOT aged asphalt 100. 8 100. 7 100. 2 127. 4 114. 8 12. 4
RTFOT+PAV(20 h) aged asphalt 123.0 107. 2 92.0 34. 8 17.6 377.2
Regenerated asphalt by YG-1 90.7 95.7 103. 6 141.0 167.7 5.4
S | G" ratio G’ ratio J ratio S ratio m ratio
Sample
P (58°C) (58 °C) (58 °C) (—12°C) (—12°0)
Original asphalt 24.3 23.2 105. 5 80. 6 104. 4
RTFOT aged asphalt 38.5 37.0 103. 3 100. 0 95. 6
RTFOT+PAV(20 h)aged asphalt 310.9 314. 6 86. 7 135.9 90. 7
Regenerated asphalt by YG-1 26. 2 25.1 104. 6 83.6 109. 3

K9 BUERERESHRXEITER
Table 9 Gray correlation analysis results between microscopic
indicators and rheological parameters

Microscopic

indicator ¢ ¢ o J S "
At 0.871 0.880 0.880 0.641 0.639 0.666
R 0.882 0.859 0.861 0.688 0.604 0.743
Ar 0.862 0.835 0.837 0.754 0.588 0.625

Lew jen 0.822 0.817 0.818 0.672 0.729 0.653

Ty —cn 0.821 0.818 0.818 0.669 0.719 0.637
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Fig. 6 Numerical analysis model schematic diagram
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Fig. 7 Simplified numerical analysis model
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Table 10 Parameter value table for different materials in simulation

Parameter Asphalt Aggregate YG-1

Relative dielectric constant 4. 00 8. 00 64. 04
Differential permeability 1 1 1
Electrical conductivity/(S+ m™") 2.0X107" 1.7X107" 5.05

Thermal conductivity/(W «m™ ' « K™") 0. 700 3. 355 0. 683

Density/ (kg * m *) 1 000 2700 980
Atmospheric specific heat/
peare 1670 920 3300
(J+ kg'+ KD
tan & 0.0010 0.0410 0.4928
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(e) Before adding YG-1(270 s) (f) After adding YG-1(270 s)
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Fig. 8 Temperature field distribution of mixture before and after YG-1 addition
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