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Abstract: To investigate the adhesive properties between pyrolysis carbon black (PCB) derived from waste tires
and asphalt, select Si0, and ZnO, the main components of the outer layer ash of PCB, as their representatives,
defective graphene layers (D-Graphene) were employed as the top layer for the carbon black, using Materials Studio
software, interface models between asphalt and these components were constructed. Molecular dynamics (MD)
studies revealed : the adhesive energy density between ZnO and asphalt was the highest, followed by D-Graphene,
with Si0, showing the least adhesive energy; asphalt molecules at the D-Graphene interface demonstrated high
activity, as evidenced by their substantial mean square displacement and diffusion coefficient values; ZnO exhibits
strong adsorption properties for all components of asphalt, while SiO, and D-Graphene exhibit selectivity in adsorbing
different components of asphalt. Based on the simulation results, it can be inferred that, enhancing the adhesion
between PCB and asphalt hinges on minimizing the presence of acidic mineral ash and unveiling the active sites on
the PCB surface.
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Table 1 Asphalt model parameters

Proportion of Molecular ~ Number of ~ Molecular Number of
Asphalt component Molecule .
components/ % formula atom weight molecule
Squalane C,Hg, 92 422.8 4
Saturate 10.7
Hopane Cy:H, 97 482.9 4
Perhydrophenanthrene-naphthalene C,Hy, 79 464.7 11
Naphthene aromatic 38.1
Dioctyl-cyclohexane-naphthalene CaoHyg 76 406.7 13
Thio-isorenieratane C,oHgS 101 573.0 4
Quinolinohopane C, o HyN 100 553.9 4
Polar aromatic 30.6 Benzobisbenzothiophene CgHyeS, 30 290. 4 15
Pyridinohopane CyHy N 94 503.9 4
Trimethylbenzene-oxane C,oH;,0 80 414.7 5
Phenol C,,H;,0 97 574.9 3
Asphaltene 16.5 Pyrrole CeHg N 148 888. 4 2
Thiophene CHg.S 114 707.1 3
1.2 PCB#EERE PO S PCB/Y 7 5 1 A2 8, 43 A HC 5 T A
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Table 2 Interface interaction energy parameters of PCB characteristic component/asphalt

Component Temperature/K  E, ,/(kJ+mol™) EJ/(kI*mol™)  Ey/(kI-mol™) E,/(kJ-mol") E,/(kJ-mol") E,/(mJ-m™)
298 —230090. 71 —265692. 08 36 592. 68 —991. 32 991. 32 115. 21
Si0O,
) 443 —215 808. 34 —262 188.77 47 332.76 —952.32 952.32 110. 67
298 —2 733 255.66 —2768906. 81 38 475.02 -2 823.87 2 823.87 328.18
7ZnO
443 —2690 881. 32 -2 738 147.17 49 802. 40 -2 536.51 2536.51 294.78
298 354 046. 23 317 161.93 38 658. 70 -1774.39 1774.39 206. 21
D—Graphene
443 368 953. 61 320 458. 25 50 191. 81 -1696.40 1696.40 197. 15
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