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Molecular Composition and Mechanism of Ultraviolet Aged Asphalt

XI Han', KONG Ling-yun'*" | HE Zhen', FU Yao-guo®, LI Zheng®
(1. School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China;
2. National and Local Joint Engineering Laboratory of Materials for Transportation and Civil Engineering,
Chongging Jiaotong University, Chongging 400074, China;
3. Chongging Airport Group Co. , Ltd. , Chongqing 400074, China;
4. Chongging Urban Construction Investment Group Co. , Ltd. , Chongging 400074, China)

[ Abstract] In order to study the molecular weight and molecular structure changes of asphalt under ultraviolet aging and the mecha-
nism of their effects on macro properties, gel permeation chromatography and nuclear magnetic resonance tests were carried out on four
commonly used asphalt, respectively. The molecular weight composition changes, such as molecular weight and molecular relative mass
distribution, and the molecular structure composition changes, such as hydrogen spectrum, carbon spectrum, hydrogen atom content
and molecular structure parameters were studied. On the basis of macroscopic rheological tests, the molecular composition of asphalt
rheological properties was characterized by correlation analysis, and the molecular mechanism of ultraviolet aging macroscopic proper-
ties was analyzed. The results show that ultraviolet aging causes the agglomeration of molecules in asphalt, small molecules decreases
and aggregates into large molecules, and the molecular weight distribution boundary narrows gradually. From the changes of hydrogen
atoms and molecular structure parameters, it can be seen that the alkyl substituents on the aromatic ring in the asphalt increase after ul-
traviolet aging, resulting in the increase of the volume and stability of the aromatic ring, and the increase of molecular backbone stiff-
ness. On the macro level, the elastic properties of asphalt increase. The phase angle, rutting factor, irrecoverable compliance and re-
covery rate of asphalt before and after ultraviolet aging were obtained by macroscopic rheological tests. The correlation analysis shows
that the rheological properties are most affected by condensation degree parameters, substitution rate of peripheral hydrogen, average
molecular weight and branched degree of alkyl chain.

[ Keywords] ultraviolet aging; matrix asphalt; molecular composition; rheological property; action mechanism
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Table 1 Physical properties of matrix asphalt

WE FFABE(25 ¢, Bk E BRI
FE 0.1 mm)  f/°C (15 °C)/cm (135 C)/(Pa-s)
KL 75 47.5 83.2 75

TRK 70 48.1 75.3 70

ZH 65 49.4 62.4 65

DH 67 48.7 70.1 67
AR 60 ~ 80 =46 =100 =180
W07 % T0604 T0606  TO605 T0619

1.2 4l

SRHI 500 W B i R AT VR R 8RG8 PO AR
PIEINEAL, IR A AR I TR 4, dn &
1 7R, SEONEACR FH 2K A% 24 b ANl 5 5K,
EALIHRIR 16 d, BB ZACIREE R 60 °C ., RTEPRIES
AN TR B AN R IR B 2o v, AR i B 241
K145 50 em, B TEANEAL RAEHITEWI S 2R)2 RN
PRIFRE S5 AEREE RN (1 £0.5) mm,

K1 AN R

Fig. 1  Ultraviolet aging environment chamber interior diagram
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Fig.2 Rid-20A gel chromatograph
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Fig. 3 Nuclear magnetic resonance spectrometer
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Fig. 4 Dynamic shear rheometer
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Fig. 5 Changes of molecular weight and dispersion

coefficient of asphalt before and after ultraviolet aging
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Fig. 6 Changes of the relative mass distribution of

asphalt molecules before and after ultraviolet aging
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Table 2 Hydrogen atoms and carbon atoms belong
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Fig. 7 Hydrogen NMR spectra of asphalt before and after ultraviolet aging
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Table 3 Chemical peak area of asphalt hydrogen spectrogram
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Fig. 8 Changes of Hydrogen atom content of asphalt
before and after ultraviolet aging
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Fig. 9 Magnetic resonance carbon spectra
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Table 4 Carbon atom distribution parameters

W B2 Cy Crnw Sa
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EX A 12.402 5 40.215 6 0.2357
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Table 5 Average molecular structural parameters
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Fig. 10 Changes of asphalt phase angle and

rutting factor under different UV aging time
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Fig. 11 The changes of non-recoverable compliance and

recovery rate of asphalt under different UV aging times of

0.1 kPa and 3.2 kPa
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Table 6 Results of correlation calculation between

molecular structure and macro and micro properties

#E:I'if/]? X01 XOZ X03 X04
X, 0.55 0.78 0.56 0.62
X, 0.60 0.58 0.71 0.70
X, 0.63 0.57 0.63 0.74
X, 0.75 0.57 0.56 0.61
X; 0.72 0.56 0.57 0.63
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