$38% H5M NI S = S 3 Vol. 38 No.5
2021 4E5 H Journal of Highway and Transportation Research and Development May 2021

doi: 10.3969/j. issn. 1002 - 0268. 2021. 05. 002

MEEZNITRERRTEMULFIEREER

BAR', £F4°, # K
(L. WHIZ THRRGAIRAR, $HE M 3100515 2 FlHITASE, &l 999077)

FE: BHAS R IR RIS A TR FRMENE B FAERERG TR, A3 58 A 2R
i, PR THAGRERRE, ZORERRAFEE, BaTAA A LEGRBEA, AT HRZAE, LT6H
RARARFWGETTFH, RATHREGRES . EAENERZEANMEIHRETRTEALL, BURFARES
BARENZHTHHAMELFEN, F2REIHFRAERRANZRRAOKEEZ, AT AR B H AL RRZLK
ETWHS6 MNGHHS, BEHETA TN, G2 et TR REIITN. BHERFAS I ER o TFRIKE#
B, 7T HHEERMERIREFTAERER 3 ELERA: SRFTRA. WAy RO Mt F 4 F 6 EAE,
WA AL ERFETDEATE, BETRER o, MRAKFRAMMESLLZ, SREAN. EBFRBEL LT
bR EFNEAATHERARATIRERAZ ALY LA, XA FE o, TAEN T E; BEEAF R %8 £ R
TIEF R O F RS HABIT K Y F A S MARERFARAKNIERFG S RIAR 0, TAA
W RBZRAFHREHABIFO R EANE, ER P4 AR T HEH L ZHRRG D F RIERE o 0 F BT XK
BA, s R o A LERME AL 0.82 #20.91 A E,

KEBIR) MR IAR;, ABEA,; REHE; BE; £

RESHEE: TUS35 SCERERIRAG: A STEHES: 1002 -0268 (2021) 05 -0010 —08

Connection between Rheological and Chemical Properties of
Asphalt during Aging

ZHAO Ke-cheng', WANG Yu-hong®, YANG Zhen'
(1. Zhejiang Communications Construction Group Co. , Lid. , Hangzhou Zhejiang 310051, China;
2. Hong Kong Polytechnic University, Hong Kong 999077, China)

Abstract: The connection between the chemical and physical properties of asphalt is often used to predict the
decrease of asphalt rheological performance and judge the remaining engineering performance. However, due
to the different sources of asphalt and aging conditions, there is no universal correlation model to present this
relationship. To solve this problem, the indoor aging on 6 kinds of base asphalts from different resources are
performed by using 3 devices including rolling thin film oven, pressure aging vessel and high pressure
oxidation vessel to simulate the physical and chemical changes of asphalt under different temperatures and
oxygen pressures, and try to establish the connection between rheological properties and chemical properties
of asphalt. Based on the base asphalt and 56 asphalt samples under different aging conditions, the rheological
properties and chemical properties of asphalt ( changes of oxygenated functional groups, 4 components and
relative molecular content) during long-term aging are analyzed by using dynamic shear rheometer, Fourier-
transform infrared spectroscopy, chemical composition analysis and molecular gel chromatography. The
relationship of R value and w_ with different chemical properties is explored by genetic algorithm and symbolic

regression method. The result shows that (1) during the long-term aging process of asphalt, the key
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rheological characteristic parameter of asphalt ( the rheological index R) increases regularly, and the

crossover frequency w, decreases regularly; (2) the formation of aldehydes, ketones and sulfoxides, the

conversion of naphthenic aromatics to asphaltenes, and the increase in relative macromolecular content are the

main driving factors for changing the rheological parameters of asphalt; (3) R and w, can be well fitted with

2 or 3 kinds of chemical properties, and 4 correlation models of R and w, with chemical properties that do not

depend on the type and aging of asphalt are proposed, and the correlation coefficients of the fitting results are

above 0. 82 and 0. 91 respectively.
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Tab.1 Rheological and chemical Properties of matrix asphalt analyzed in this study

Wi M2k AAD AAG AAK AAM Pen. 70 Pen. 50
PG 534 64 -28 70 -10 64 -22 64 - 16 64 -22 70 - 16
60°CF;JiE/(Pa - s) 141 18 649 605 437 392
W R/ % 17. 61 11.82 25.73 16. 64 19.77 22.31
YRS/ % 26.42 15.42 13. 69 20. 60 12.79 21. 86
W MET7 e/ % 29.35 39.26 23.44 27.26 21.99 19. 87
IR 75 42/ Yo 26. 162 33.51 37. 14 35.50 45.45 35.96
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Tab.2 Matrix and aged samples analyzed in this study

Wi Rk AAD AAG AAK AAM Pen. 70 Pen. 50
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Tab.3 Division Method of relative molecular weight range of
SMS, MMS and LMS

RSAT BRIFBT KRAAT

o (SMS) #7r (MMS)  #5r (LMS)
log Mn (JEJEiIH) = 2.15-2.8  2.8-3.45 3.45-4.25
log Mn (EALWiT) = 2.15-2.8 2.8-3.45 3.45-Maximum Mn
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Tab.4 Changes of relative contents of SMS, MMS and LMS of asphalt No. 50 during aging in oxidation reactor (unit: % )

FL o AL POV-14 d POV-21 d POV-28 d POV-35 d POV-56 d POVIl d
LMS 8.2 10.9 13.6 13.8 14.2 16.0 17.3 20.9
MMS 45.7 44.7 44. 1 43.4 43.3 42.9 42. 4 41.3
SMS 46. 1 44. 4 42.3 42.8 42.6 41.1 40.3 37.7
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Tab.5 Selection of model results
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0.673MMS - 0.306NA] x (- 26.746) +10.775,
(7)
M RAE . o, SR 6 A7 FUIAE H L
74

47 y=1.0457x-0.132 5

MRRIE
[’}

6

»=0.987 2x-0.085 3

R*=0.909 4 4 PO
) 5 08002)
S . L& N . .
P ] 09 d
=8 6 4 g7 2 4 6
o
h <o -
0 4
o -6
-8

Tl o,

7 ZWRE. o SEIRE 6 FRE T T
RfE. o KLE
Fig.7 Comparison of measured R and w, values with predicted

R and w, values obtained by model 6 and model 7
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