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Rheological properties of aged asphalt based on Arrhenius equation

LI Pei-long, MA Li-xia, FENG Zhen-gang, LI Xin-jun
(Key Laboratory of Highway Structure & Materials of Ministry of Transport, Chang an University,
Xi’an 710064, Shaanxi, China)

Abstract: To analyze rheological properties of asphalt in the process of aging, a series of aging
tests were conducted on five regular asphalt samples for different time by rolling thin film oven
test (RTFOT) in the laboratory, and then Brookfield viscosimeter and low temperature bending
beam rheometer (BBR) were carried out on asphalt samples with different aging states to measure
rational viscosity and low temperature rheological parameters, respectively. The parameter visco-
flow activation energy E, of asphalt was calculated by using Arrhenius equation according to the
viscosity values at different temperatures. The changing regularity of E, during the aging

process, the change of low-temperature stiffness modulus, the change rate of stiffness with time
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m and the RTFOT aging time were analyzed. And the relationship between the visco-flow
activation energy I, and m was discussed. The results show that the parameter visco-flow
activation energy E, for different aging state can be obtained by means of Arrhenius equation,
which reflects the rheological properties and temperature sensibility of asphalt. With the
deepening of aging, E, of asphalt increases continuously. There is significant influence of aging
on rheological behavior of asphalt. After aging of asphalt, the change of molecular structure leads
to the increase of flow energy and the decrease of flexibility. There is no inevitable relationship
between E, and the viscosity value of asphalt although they both increase after aging. The
viscosity changes with the actual reflection of rheological properties of asphalt. The increase rate
of viscous-flow activation energy of different asphalt at different stages of RTFOT aging, such as
0 to 85, 85 to 180 and 180 to 360 min is different, which reflects the difference of aging resistance
and aging mechanism. The resistance to short-term aging capacity is not same to long-term aging
capacity, SK and ZHH asphalts have good resistance to short-term aging performance, but ESSO
and SK asphalts have the best resistance to long-term aging performance. With the deepening of
aging time, it shows a better negative correlation between E, and the rate of low temperature
creep stiffness, that is, the viscous flow characteristics are closely related to the low temperature
creep behavior of asphalt. 3 tabs, 7 figs, 26 refs.
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Tab.1 Basic properties of asphalt samples

RS LAL | ESSO | KLM | ZHH | SK
Akl /C 46.2 | 46.3 | 50.6 | 47.3 | 47.4
FESF (5 cm * min~ !,

86.6 | >150 | >150 | >150 | >150
15 °C)/em
EAE (25 °C,100 g,5 s)/

91 96 69 81 118
0.1 mm

WERERLEE (135 °C)/(Pa+s) | 0.368 | 0.348 | 0.668 | 0.346 | 0. 369
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Tab.2 Viscosities of asphalt under different aging states
T N ANTF R BE CCO N BB R/ (P s)
UINERAIES Z AL ] /min
85 105 125 135 145
0 15. 300 2.590 0.602 0.368 0.236
85 24.400 4. 080 0.897 0.523 0.319
LAL
180 38.200 6.450 1. 267 0.741 0.436
360 98. 000 12. 140 2.285 1. 188 0.671
0 12. 200 2.140 0.560 0. 348 0.214
85 16. 500 2.890 0.741 0.438 0.272
ESSO
180 23.100 3.700 0.968 0.556 0.339
360 57.400 7.130 1.520 0. 845 0.498
0 23.600 4.500 1.177 0.668 0. 415
85 36. 800 7.180 1.770 1. 050 0.651
KLM
180 61.500 10. 300 2.473 1. 447 0.883
360 147.000 23.100 4.552 2.367 1.337
0 14. 600 2.490 0.567 0. 346 0.222
85 23.100 3.580 0.873 0.513 0.314
ZHH
180 36. 400 5.390 1. 254 0.733 0.425
360 96. 300 11.530 2.458 1.158 0. 654
0 14. 600 2. 440 0.595 0.369 0. 230
85 20. 800 3. 400 0. 864 0.508 0.315
SK
180 30. 700 4.710 1.188 0.677 0. 408
360 73. 800 9.410 2.089 1.111 0.612
FER A BRI IS 2 02 77 CE ol PR L 8 B

# 3 BBR %
Fig. 3 BBR test
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Tab.3 Calculation results of visco-flow activation energy

Wi | Efem lg(Gp(T»H-1/T HE # E,/
fp2 | ] /min 5 7 Il 9 A BR* | (k] + mol™1)
0 | y=1198.6x—10.712 | 0.989 80. 39
85 | y=4301.7x—10.815 | 0.995 82.37
LAL 180 | y=4 351.9x—10.794 | 0.996 83. 33
360 | y—4 888.4x—11.893 | 0.997 93. 60
0 | y=3944.1x—10.125 | 0.996 75.52
85 | y=4 062.02x—10.305 | 0.997 77.78
ESSO
180 | y=4109.52—10.318 | 0.997 78. 69
360 | y=4 450.22—10.971 | 0.997 85. 21
0 | y=3543.72—8.8539 | 0.999 67. 85
85 | y=3629.22—8.870 8 | 0.999 69. 49
KLM
180 | y=3934.72—9.478 3 | 0.999 75. 34
360 | y=4 395.42—10.391 | 0.999 84.16
0 | y=3492.12—9.014 7 | 0.999 66. 86
85 | y=3652.62—9.240 4 | 0.999 69. 94
ZHH
180 | y=3 841.12—09.555 1 | 1.000 73. 55
360 | y=4391.3x—10.682 | 0.997 84.08
0 | y=1058.0x—10.374 | 0.993 77.70
85 | y=4091.72—10.313 | 0.996 78. 34
SK 180 | y=4 206.32—10.470 | 0.998 80. 54
360 | y=4 685.1x—11.434 | 0.999 89. 71
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