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Miscibility and mechanical properties of SBS and asphalt
blends based on molecular dynamics simulation
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Abstract: In order to understand the miscibility between SBS and asphalt, and the effect of SBS
on mechanical properties of asphalt deeply, molecular dynamics simulation technique was used to
study SBS and asphalt blends from molecular level. Representative molecules of asphalt

components including asphltene, resin and oil were chosen, and asphalt molecular model was
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established by MS (Materials Studio) software. According to SBS block polymer monomer, SBS
molecular model was built. Then the miscibility parameter, the no-bound interaction energy,
Van der Waals interaction energy and electrostatic interaction energy were calculated based on the
molecular dynamics simulation of asphalt system, SBS system and the two blends at different
temperatures of 100 ‘C, 120 C, 140 C, 160 *C and 180 °C. Molecular dynamics simulation of
mechanical property parameters including elastic modulus, bulk modulus and shear modulus of
asphalt system and SBS modified asphalt system were calculated. The results show that the
miscibility of asphalt increases with the rise of temperature, while the miscibility of SBS increases
first and then decreases as temperature rises. The no-bound interaction energy and Van der Waals
interaction energy of SBS molecules and asphalt molecules increase first then decrease, and then
increase again as temperature rises. The electrostatic interaction energy of SBS and asphalt
system increases first and then decreases as temperature rises. At the temperature of 140 C,
miscibility of SBS and asphalt have the minimum gap and the interaction energies run up to the
peak values, which means at this temperature, SBS and asphalt blends has the most stable
structure. Compared to asphalt system, the elastic modulus, bulk modulus and shear modulus of

SBS and asphalt blends increase 12% , 27% and 26 % respectively. 6 tabs, 11 figs, 28 refs.
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Fig. 1 Monomer molecular structure of each asphalt component
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Fig. 2 Three-dimensional model of each asphalt component
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Tab. 2 Solubility parameters under different temperatures

R/ C 100 120 140 160 180
WiTFRMESE/(J » em 3)%5|15.472|15. 561(15. 827[15. 774|16. 107
SBS # B4/ (J » eom™2)05 | 8.493| 8.743|12. 646| 8.902| 8.306
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Tab.3 No-bond energy under different temperatures

R/ C 100 120 140 160 180
WiE AR RE/ () » mol™ 1) —1 558. 240 —1 288. 030 —1 154. 910 —931. 283 —1 558. 240
SBS kAt / (k] + mol™D) 226. 140 172.574 135. 214 183. 310 226. 140
SBS WP AE # 4 AR/ (kJ » mol ™) —1023.62 —760.63 —540. 90 —553.25 —1023.62
x4 TEEBETHEELDEHE
Tab. 4 Van der Waals potential energy under different temperatures
T/ C 100 120 140 160 180
WG TR AR/ (k] - mol 1) —1 876.87 —1617.42 —1 494. 30 —1 268.47 —1 876.87
SBS i A fE / (k] » mol™ D) 202. 740 153. 040 115. 311 148. 350 202. 740
SBS #7536 i A #fg / (kJ + mol 1) —1372.22 —1115.03 —927.19 —928. 38 —1372.22
x5 AREBETHHBEREE
Tab. 5 Electrostatic potential energy under different temperatures
g/ C 100 120 140 160 180
Wi g g/ (k] mol 1) 318.63 329. 31 339.39 337.18 318.63
SBS #jt i # A/ (kJ + mol 1) 23. 40 19. 54 19. 90 18.23 23. 40
SBS WP 5 H L A BE/ (kJ + mol ™) 348.59 354. 38 386. 29 375.13 348.59
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T RA — & 08, o 3 B 2 8 m T
1200 MRBUBL B A B T 270, B D) B 24 3
T 26%,

(4)SBS 435 7+ WAl #: 47 S, —FAF
R 4 B 53 F 4580 1 B W02 Je = 3% FH B AR I PL B
e R — A mu e E A,

SE 3k
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