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Diffusion of Virgin and Aging Asphalt in Different Aging Methods
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Abstract : Thermo-oxygen aging asphalt and thermal oxygen-ultraviolet aging asphalt were prepared. The
double-layers diffusion model of virgin and aging asphalt was constructed. Through the simulation calculation of
relative concentration and diffusion coefficient, verification of pull-off tensile test and fluorescence microscope test,
the relationship of diffusion degree with temperature and four components was analyzed. The results show that the
thermal oxygen-ultraviolet aging asphalt is more difficult to diffusion with the virgin asphalt, and the adhesion with
the virgin asphalt is poor. In the range of 10 °C to 40 ‘C, the virgin and aging asphalt can diffuse rapidly. When the
temperature is over 40 °C, the promoting effect of increasing temperature on diffusion gradually decreases. The
decreasing rate of promoting effect is greater for the diffusion of thermal oxygen-ultraviolet asphalt and virgin asphalt.
The diffusion coefficients of four components of asphalt from large to small are in the order: saturate™>aromatic=
resin~>asphaltene. After ultraviolet aging, the diffusion coefficients of the four components decrease. Among them,
asphaltene declines most significantly.

Key words: road engineering; double-layers diffusion model of virgin and aging asphalt; molecular dynamic;

aging asphalt; relative concentration; diffusion coefficient; pull-off tensile test
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Table 1 Technique indexes of asphalts

L. TO aging TO-UV
Index Virgin asphalt .
asphalt aging asphalt
Penetration(25 °C)/
69.5 29.2 25.8
(0.1 mm)
Softening point/C 46.3 58.1 60.0
Ductility(15 °C)/
uetility( 134. 4 5.1 4.5
mm
Density/(g-cm ™) 1.020 1. 209 1.253

SR FH RIS SR figp 12 0] e 1 B30 75 1K % v 68 0 1 K
HPEATIREL AR IR 2 R R R SR AE R K

B9 45 R AT LB IR, an gk 3R

A 3L Al F Materials Studio 2019 {4 #4710 7 458
Y R 553 B0 0 2 TR T O R
WSk an i 1R i 5E R R i COMPASS
I 7335 R0 LA bR RS IR B R0 ) 45y s e
Nose-Hoover ¥ Il Andersen ¥ , it Hi, 2 € 71 A1 {5 152
A8 ST )T B Ewald 2 F1 Atom based 32 .
1.2 hEEEMNEESEIIE

(&1 2 28 3w A B BB i A28 1] 43 A1 R R (g () )
R AR 2 . R B 2] UL AR AR S SRR A IR R
SRERE B TR TEER ()N 0~0.3 nm JE Bl A7
TEIR B B IR 3 08 , 78 r=0.3~0.5 nm il N 752 3% 1
FEWR /N FE r=>0.5 nm Z S5 B 8O- 1 F 1, R B K
RO TSN, 755 W 2008 T i 1) 28 4k
FRAE s W) 46 B B i A 1 25 2 TR, 40 ps 5 #a T2
EMLENE MR R B IV BRI
PO -5 A 2 A % TS 4 B R 0,995,
1.033.0.969 g/cm’, 5 M Hz3k . ok bk 54, Hl
WA SR i 3 AN T AR B — i S B

2 SAFHNFEHE

FIFH 3 BRI ERT TH I A2 1R & 1
WA BRI e AT S5 AL . 1 1E 283~333 KL [l
B (NVT) REZE T HEAT 30 ps A THE. , (AR A 1k 5]
WOE R BARE s RS SRR S (NPT REE T
HEAT 200 ps (B THEA, (EAE AL BT L TH I AH B4 BlRl
A dea JENVT REE T #7200 ps TR, LS 7T
SRRV T BT SR B SRR AN & 3 s
A 2 ]SFAE 5.192 nm X 5.192 nm X 13.818 nm &
5.206 nm X 5.206 nm X 13.855 nm i [#l 4 .

21 FHBEEIERPHNIED FHHEEIE

AH X Ve B 3R AR AR R A R v 1 W) SO B R A L
Yy AE R R N e 4 HE, W A 45 A 25 R 1Y
AET Ve FE 3 a3 1. (&1 4 g AE R Rl BEADLR B N, 3 il
B HTJE B BT - IR AR T B2 BT RLA R
(VI-TO) AR B A Boml 6 2 5 B 284k . i 1 4
AL R A T 6~8 nm I B N AE A & RO X ]
BE & B BRl G 00 A, 2 kB DX TR) PR A X vk BE
G MG BRI BE W 4R /I BT 2R8I U2
E G e BN W i B 8 RN AN (R )
PRl A 2 R X AR R T L TH T A B R
AR fE 303 KT # Al & 45 R B, 6~8 nm
VI-TO W AH X v B2 03 hn 51 1.173 9, 4R J5 78 I B2
P2 F 333 K18 MK 1.142 5; 9 g & )2 i &
JEE B T Y v T R, 1 R R T R



BHH L AR R IHPE 9 A

123

=2

FHEENNS FHE

Table 2 Model molecule number of asphalt

Molecular Relative molecular Number of atom
Number Component Molecule
formaula mass Virgin ~ TO aging TO-UV aging

1 . Saturate A C,Hy, 422.8 7 7 2

2 Saturate Saturate B C.:Hg, 482.9 6 8 10

3 Aromatic A CyHy, 464.7 11 0 2

4 P-Aromatic A1 C,:H,,0 480.7 0 2 2

5 P-Aromatic A2 C..H,,0, 496.7 0 1 1

6 P-Aromatic A3 C,.H,,0, 496.7 0 1 1

7 ) Aromatic B CaoHys 406.7 35 7 4

8 Aromatie Aromatic C oS 350. 6 8 4 2

9 P-Aromatic C C,,H,,08 366.6 0 10 16

10 Aromatic D C,Hag 326.6 57 18 2

11 Aromatic E C,Hy, 156. 2 11 6 1

12 Aromatic F CyHN 179.2 12 15 94

13 Resin A C,HsN 553.9 1 8 1

14 Resin B C,oHgS 573.0 1 5 0

15 P-Resin B C,Hg, 08 589.0 0 7 1

16 Resin C CisHyoS, 290.4 1 1 2

17 P-Resin C CyiH,,0,8, 322.4 0 3 1

18 Resin D C,Hy N 503.9 1 8 1

19 Resin Resin E C,,H;,0 414.7 2 6 1

20 Resin F C,HyeS 699. 2 17 7 0

21 P-Resin F1 C,H-0,S 731.2 0 2 1

22 P-Resin F2 C,H;0.S 747.2 0 9 1

23 P-Resin F3 C,H;0.S 747.2 0 6 2

24 Resin G C,,Hyg 282.4 30 4 4

25 P-Resin G C,,Hy; 280.4 0 11 86

26 Asphaltene A C,,H;,0 574.9 2 0 0

27 P-Asphaltene A1 C,,H;,0, 590.9 0 1 1

28 P-Asphaltene A2 C,H,0, 560. 8 0 1 1

29 P-Asphaltene A3 C,,H;,0, 606.9 0 1 1

30 Asphaltene B CeHg N 888. 4 1 0 0

31 P-Asphaltene B1 CyHsNO 860. 3 0 1 2

32 P-Asphaltene B2 Cy:H,,NO 887.3 0 1 1

33 P-Asphaltene B3 CyHg NO 904. 4 1 1

34 Asphaltene C C; Hg,S 707.1 18 0 0

35 P-Asphaltene C1 C;Hg,0,S 739.1 1 1

Asphaltene

36 P-Asphaltene C2 C,H50,8 709.0 0 6 5

37 P-Asphaltene C3 C;,Hy,0.8 755.1 0 1 1

38 Asphaltene D C,;H,,)NOS 533.8 31 6 0

39 P-Asphaltene D1 CyHy NO,S 565.8 0 11 1

40 P-Asphaltene D2 C,H;NO,S 581.8 0 10 1

41 P-Asphaltene D2 C,H,NO,S 581.8 0 1 21

42 Asphaltene E CysHg:NOS, 916. 3 1 16

43 P-Asphaltene E1 Cy:Hyi:NO,S, 964. 3 0 13 8

44 P-Asphaltene E2 CyHygsNOSS, 980. 3 0 3 27

45 P-Asphaltene E3 Cy;Hg:NO.S, 980. 3 0 1 2

x3I MUKB\EHEERSHBER
Table 3 Calculation results of programming solution method and test results
w(saturate)/ % w(aromatic)/ % w(resin)/ % w(asphaltene)/ % Number of atom
Asphalt type Calculated Test Calculated Test Calculated Test Calculated .
value value value value value value value Testvalue  Caleulated value
Virgin 5.534 5.534 42.176 42.176 21.836 21.836 30. 454 30. 454 18 074
TO aging 5.490 5.501 15.589 15.607 32.971 32.943 45. 949 45.949 19 983

TO-UV aging 4.524 4.517 22.911 22.858 24.864 24.937 47.699 47.688 18185
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Fig. 1 Schematic diagram of three kinds of asphalt molecule model
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(a) Double-layer diffusion model of virgin
asphalt and TO aging asphalt
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(b) Double-layer diffusion model of virgin
asphalt and TO-UV aging asphalt
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Fig. 3 Double-layer diffusion model of virgin and aging asphalt

3.0 (-
05 23 g
EETRL ~Diffusionn
=510 ) at 333K
~20.5 Diffusionn
8 0200 ~ at 303 K
Diffusionn
80! e at 283 K &>
Y1 g - Before °
1400 diffusion

(a) Relative concentration

1.4 - - 160
] Relative concentration
L 12r N Diffusion layer thic7kness N g
£ ol Relative N {120 £
g concentration N £
= L of fully b=
§ 0.8 miscible state 180 %
19) 5]
Sos) Z
>
04l 8
< -1 40 g
“ ool g
[a)
LIS > > .
e N N &
K07 & -9 -9 X9
LS 3 > A
%&é ™ 6:3’%' ™ &Qﬁ’% 0 0’%‘;’%{
Q%@ Q%;o O{b@
Status

(b) Relative concentration and diffusion layer thickness

B4 ARHEEE T VISTO AR X B R il 4 )2 8 2 1 2 16

Fig.4 Variation of relative concentration and diffusion layer thickness of VI-TO at different temperatures
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Fig.9 Fluorescence images after diffusion fusion of epoxy resin(30% ) virgin asphalt and aging asphalt
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