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Abstract

The molecular dynamics method (MD) was used to select the regenerating agent components of
oleic acid, linoleic acid and petroleum-based extract ethyl tetrahydronaphthalene, and the four
oxides of SiOz, Al;03, CaO and MgO, the effects of three kinds of reclaiming agents on the adhesion
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energy of asphalt and the adhesion energy of asphalt-aggregate interface under different aging
conditions were studied, the interfacial shear test was constructed to simulate the failure process
of asphalt-aggregate interface under shear loading. The results show that the adhesion energy
between the four oxide aggregates and asphalt is CaO > Al;03 > MgO > SiO: in order from large to
small, the adhesion between basic oxide and asphalt is greater than that between acidic oxide and
asphalt, and with the aging of asphalt, the degree of asphaltene aggregation increases, under the
same conditions, vegetable oil is better than ethyl tetrahydronaphthalene in improving the adhe-
sion of aged asphalt mixture.
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Figure 1. Molecular unit cell model of aging asphalt
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Figure 2. Density of asphalt model at 298 K
2.298 K BB RENEE

2.2. iHEHERER

e R 32 BV 2 (C s H3s05) « EIMER(CsH30) M RS2 06 4H FAE 77, A SRR B 2 3 DY Sk
ZR(CLH )ME XTI EAEF], 2 BHC/E R1, R2, R3. SR MD J7ik i i s L BORCE LI 5 27 1 1)
B, $Z I AR 7 R, R2. R3, 50 164 164 26 ™N(R1. R2. R3)7:T, XM IFRAEFRIS
B 10%[11], BIRTREMH - FAER S T R.

XFPIT - B 7 it 298 KOLE RT3 Ak, APy O NVT IEW &5, Andersen
PR 451217 200 ps, #PK 1 fs; @ NPT IENRZE. Nose [k /J4% 45 Berendsen Jii 5 4% i #5312 17 200
ps, K1 fs; @ HEEE VLI, Wit - AR T RMLE 50~100 ps Z[AA TR I kR
B B JE A B AR RS I - BRI T A S, il 3 BTGl 6 h FAE ) .

Figure 3. Asphalt cohesion model
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Figure 4. Crystal lattice models of mineral oxides
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Table 1. Lattice constants of oxides

= 1. S RRER

KJEA) FEC)
BT R
a b c o p y
Si0, 5.01 5.01 5.47 90 90 120
AlLO; 4.759 4.759 4.759 90 90 120
CaO 4.8105 4.8105 4.8105 90 90 90
MgO 42112 42112 42112 90 90 90
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Figure 5. Establishment of cell model
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Figure 6. Asphalt-mineral interface model
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Figure 7. Shear simulation schematic
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Table 2. The cohesive energy of asphalt during aging
2. BRI AR R e

FE b BRI R R K2
T #h i (kcal/mol) 4956.4 5463.2 5928.3
i T AR A (keal/mol) 9556.6 10650.0 11653.4
H4 28 B (keal/mol) 356.2 276.4 203.2

Table 3. Cohesion energy of aged asphalt after adding regenerator
=3 RIMBEFIEZRE IR

Wik HARF Ea, (kcal/mol) E”z (kcal/mol) Em2 (kcal/mol) E, (kcal/mol)

R1 3782.4 3782.4 7234.4 484.5
HE R2 4342.7 43427 8366.3 445.7

R3 44132 44132 8517.6 409.6

Rl 39823 3982.3 9292.7 340.7
Kzt R2 4542.6 4542.6 10612.8 328.9

R3 4613.2 4613.2 10670.6 314.9

M 3 HRTRL, NIRRT A R A A S AL TR TR RE R P e, (BT AR B
HIRE SR RE . X R W] =P B AR R A B T B8 25 RS SRR RE, (EIA LIS MR R ML RE 52 4
WEZREWRZ . BINMER)E 2T KRR A e, X RUPRE T Wl R AN ZE S ZE, MERAE
oS E AT ORGSR A RE 7 TR I BE D DU

4.1.2. B SHENZ B RRHHEE

BRPE EZAE . KZWWES 4 MR R Re % 4 B, B4R G K
LT SRR PR g Rk 5 Fron. REH: ARZBUREE FIHES 4 FER AR, F
FE MR FEN/IME IR N: CaO > ALO; > MgO > SiO,. it CaO Fl MgO ABEMEE Y, ALO; NFTEELY,
SiO, NERPEAAY), X RHTIMEEN 5T 8] RS IR T BRI A S5 (R RG B, 5%
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Table 4. Asphalt-mineral adhesion energy
F 4. IhE - ERAORGMEE

=R WE A E, (kcal/mol) E,, (kcal/mol) E,,, (kcal/mol) E; (kcal/mol)
HERHE 4956.4 —-59266.2 538.7
Si0, EE 5463.2 —63683.9 —58532.2 3115
Kz 5928.3 —57985.8 230.2
EREE 4956.4 —1204796.2 742.3
MgO A 5463.2 -1209010.3 -1204070.5 523.4
Kzt 5928.3 -1203501.8 419.8
Y= 4956.4 -1732099.4 825.5
AlLO; A 5463.2 —-1736230.3 -1731359.3 592.2
Kzt 5928.3 -1730803.6 501.6
BRI E 4956.4 ~758176.8 958.7
Ca0 HE 5463.2 -762174.5 ~757407.6 696.3
KA 5928.3 ~756826.7 580.5
Table 5. Asphalt-mineral adhesion energy after adding reclaiming agent
5. WIMBEFGIRE - SERHVRLH AR
AN A E, (kcal/mol) E,, (kcal/mol) E,,, (kcal/mol) E, (kcal/mol)
R1 3782.4 -59228.4 340.7
Si0, R2 43427 —63683.9 —58564.6 328.9
R3 44132 -58524.1 314.9
R1 3782.4 -1205797.8 569.9
MgO R2 43427 -1209010.3 -1205191.4 523.8
R3 4413.2 -1205090.8 493.7
R1 3782.4 -1733149.4 701.5
ALO, R2 43427 -1736230.3 -1732536.3 648.7
R3 44132 -1732410.9 593.8
R1 3782.4 —759161.6 769.5
Ca0 R2 43427 -762174.5 ~758555.2 723.4
R3 44132 —758418.6 657.3
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Figure 8. The curve of shear stress with displacement
E 8. BN NSRBI
Table 6. Shear strength of the interface models
6. AEERHTYRE
AR 2 itiNe) SR SR Kz
WA (A) 5.092 7.798 2.575
U {H (MPa) 86.61 164.12 190.44
WeBh X ) {H/MPa 76.53 138.28 155.75

SERFH], AR RO BGET, DRI - RO, 5B BT IR B A
R POE T 5, FEALRE x 205 A I ¢ 3B B KAE 86.61 MPa; 55 BB © #F 68.20 MPa~86.61 MPa X [R5,
SIS 2928 76.53 MPa. BIVIN Ty ¢ IS0 3R B R GETE 55 B B i THI 3 P O RO b TP ADIRAS
A I R 3G mEGR b s . Rk DU BT YIS R A AR AN B, BB B, I SRR BB D) R
JVER RAANIF, BEEN IR, FHHIA BIE 8 B B VI & A TS KRBT DIN ). BB, B3
KEYIR S5, YIRS — 2 VG E NEa), S IR 8RR, BRI J3 RS 2R 200 T~ IR 3

[17]
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Figure 9. The shear stress curve of interface model with displacement

E 9. FEREBSYIN NIBEE BRI T HIL

Table 7. Shear strength of different models
F 7. NEREM YRR

) TR Kzt
T
R2 R3 R1 R2 R3

R1
5.092 7.798 3.098 2.362 4.127 2.575 7.498 2.331 2.237
126.08 153.74 183.94

108.99  133.41 15393 190.44
15575  106.22 120.26 141.98

=

A 5

A /A
I AE/MPa 86.61 164.12

W ANIX P/ MPa 76.53 138.28 98.54 109.29  120.45
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