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Effects of Thermal Oxidative Aging Intensity
on Asphalt and Its Recycling Properties

ZHANG Henglong™*",ZHAO Bin', XU Guoqing',ZHU Chongzheng', WU Chaofan®
(1. Key Laboratory for Green & Advanced Civil Engineering Materials and Application Technology
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Abstract: To explore the effect of thermal oxidative aging intensity on the properties of asphalt, different times
of the rotating thin film oven test (RTFOT) and RTFOT + pressure aging vessel (PAV) aging tests were applied to as—
phalt. The conventional physical properties and dynamic shear rheological properties of asphalt samples were tested
before and after aging. Additionally, the viscosity harmonic method was used to determine the amount of rejuvenating
agent in order to restore the asphalt performance under different thermal oxidative aging to the matrix asphalt. The

test results show that the physical properties of asphalt are significantly changed after different thermal oxidative ag—
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ing intensity. The dynamic shear rheological test results exhibit that the increase ratio of asphalt complex modulus

ecreases obviously atter the certain agin egree, and tinally, the approaches a stable value. 1t 1s toun
(G*) d bviously after th in aging deg d finally, the G* approach ble value. It is found

through physical and rheological properties that, for Changlian 70# asphalt, 3 times RTFOT aging intensity is equal

to the RTFOT + PAV aging intensity. In addition, through viscosity harmonic method selecting rejuvenating agent

dosage, it can be found that the recycling asphalt’s G* can restore to the level of matrix asphalt,the penetration is

slightly lower than the matrix asphalt,but the ductility is improved obviously. Additionally, the softening point is

higher than that of matrix asphalt. At the same time, the phase angle (&) at low temperature can be restored to the

level of matrix asphalt, but it cannot be restored to the level of the matrix asphalt at high temperature.

Key words: road engineering;asphalt; oxidative aging;recycling;viscosity harmonic method ; rheological prop—
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Tab.1 Conventional properties of matrix asphalt

FEARE BRI 135°CES 10°CIE 15 CHE

Wi
/dmm JE/°C J&/(Pa<s) J&/em J&#/em
K8 708 46.7 0.38 30.9 150
. . B >
T
1.2 BEF

AR s RAT01 U PEA= 5, HoEREHS R
DL 2.
2 EEFIEEE

Tab.2 Properties of rejuvenating agent

A R 60°C  JEIEMLAN  IEALA
FAR wmE s FE BtwiE ke
¢ B/%  /(Pars)  BHER AR/ %
s BAIOI =200 <30 1.31 <30 <4,=-4
T A=)

2 FTIHERIE

2.1 HEZREHHREEN
A SCR ] RTFOT AU 7 A A 8 A i

TR FEIRITG E20—201 1A B TRE I 5 M Wi i IR A&
AR HLA ) H 1 TO610, Wit 1 UG AR AL R
Jet (3520.5) g SE W 7 8IS FEIG H , Pk A
IR (163:£0.5) C I JiE e HEMEAR v, 38 A U3
(4 000 £200) mL/min [Z5<,, ZALET 6]y 85
min. P 2 WEIHE 2 EE R 1R
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R 2 h R RE R R =, HIE T 1R
RTFOT. i 3 YA e b 2 s et it 2
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&3 1 XRTFOT ZUHEBEFISEM 135 CHE
Tab.3 1 time RTFOT aging asphalt’s rejuvenating
dosage and 135 °C viscosity

FAERBE% 1R RTFOT ZALTAE IS U7 135 CRiE/(Pass)
10 0.38
11 0.36
13 0.35
14 0.34

%7 2% RTFOT+PAV 2 s
BAEFBEM 135 CHE
Tab.7 2 time RTFOT + PAYV aging asphalt’s

rejuvenating dosage and 135 °C viscosity

FEAEFIB /%2 Y RTFOT+PAV BALHAE ST 135 CCHiE/(Pass)

31 0.37
32 0.35
32 0.33
34 0.32

R4 2R RTFOT 2UHBFBEFISEM 135 CHE
Tab.4 2 time RTFOT aging asphalt’s rejuvenating
dosage and 135 °C viscosity

FAERBE/% 2 K RTFOT EALHA S I 135 CHiE/(Pas)
18 0.35
19 0.34
20 0.33
21 0.31

R 5 3R RTFOT 2UHBFBERISEM 135 CHE
Tab.5 3 time RTFOT aging asphalt’s rejuvenating
dosage and 135 °C viscosity

FARIBE/% 3 K RTFOT ZALHAR 5 W75 135 CHhE/(Pass)
22 0.37
23 0.37
24 0.35
25 0.34
24 KBRS EZUBEIENEE

X2 SE I IRE AL G T R T PAV 24k,
AR A (DR AR A5 I i F2E )
B E, 115 1 % RTFOT+PAV #4k .2 ¥k RTFOT+
PAV %4k .3 X RTFOT+PAV #A4LJ5 913k PR 18
9 H:22.8% 31.4% 40.7%. feZim i SeBe 45
=B AR B R 3 :24% 32% 43% (T
W32 6.3 7 F13k 8).

% 6 1% RTFOT+PAV ZLiHE
BAFIBEM 135 CFE
Tab.6 1 time RTFOT + PAYV aging asphalt’s

rejuvenating dosage and 135 °C viscosity

TEFIBR/% 1 K RTFOT+PAV AL FA 5 i 135 CHEJE/(Pass)

23 0.37
24 0.36
25 0.33
26 0.32

# 8 3% RTFOT+PAV ZH S
BAEFBSEM 135 CHE
Tab.8 3 time RTFOT + PAYV aging asphalt’s

rejuvenating dosage and 135 °C viscosity

FEFRIBRI%3 Ik RTFOT+PAV ZALFA 5T 135 CREE/(Pass)

41 0.39
42 0.38
43 0.35
44 0.32

2.5 mE LK
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30~90 °C.
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Tab.9 The conventional properties of asphalt

under different aging conditions

BEAJE Bl FHE 10 CHEEE 15 “CHEJE

FrA /dmm /°C /(Pa-s) /em /em
B Spilines 713 46.6 0.35 30.9 150
1 ¥X RTFOT
. 38.6 54.4 0.62 6.55 18.35
AW
2 X RTFOT
; 314 57.5 0.85 1.0 8.25
A
3 K RTFOT
L 23.8 61.1 1.15 0.4 4.1
EEWE
1 ¥k RTFOT
FA+PAV 2211 62.0 1.14 0.6 49
G E
2 X RTFOT
AL +PAV 18.7 65.4 1.33 0.55 425
HWEDIE
3 YK RTFOT
ZAL+PAV 14.7 68.5 2.03 0.55 0.65
A

32 ZREPARFZURKBREZUEHFR

32 AR &b
uﬁg'ﬁ Be

B T 5 A 5 ) i AR S 5 40 ~
80 CIRFEEHIHEIX BE. i & 1 ATLIE Y, B I 5 0
PR SRR B30, Wi 10 S B G+ 1, M
Piff & TR, 1d I bl R ARG AR B B R
B &AL R B ™ . 5 A, T DU B 1 K RTFOT J&
WA T AR A 6 IR KT 2
K RTFOT AH#: T 1 Yk RTFOT J& Z 50 6+ ryg
. i H 2 %X RTFOT.3 ¥ RTFOT J&5 Wi 5 FF 647
PAV JE BB Gx LA TS, X2 M
BRI, E T EA S E ARG,
759 75 HCHT 35 V1AL (R e o3 0 , Rl Hhy T4k
5 F N, WA AR AL B s b (AR T R
BB Ry 70 BT 21 3 W BRI AE B AR, i LA B 2 22
A B (R B N2 BT G ARG BN 2 2 4k
KB —E R EE I B2 43 KA e ik, Sl oy
S m T TR, SR T BT DI AR 1Y g
b2 FA T T i R AE, Ui & R & L5 PR REATF
P LT ED X TR 704 Wiy, 420 0m B
F 2 K RTFOT+PAV EALSRIER), BHHE 6* ik
PN LAl 75 A1 B & B 3 Yk RTFOT 24k 7
HAT R 6 AL AR 6 IOBUE S 1 R RTFOT+
PAV &AL 75 BOBCE AR L. 3 R R B T4
704 Wi , ¥4 3 YK RTFOT A& AL5sE 5 1 K RT-
FOT+PAV FEALIR EE 3 AR, X 5 LR R S0 56

3 g5 e AR T LA RTFOT SE46 A 21k
B 5 PAV LI BB R, H 3 ¥k RT-
FOT SE 56 19 22 A5 B ] LU 3R S il s 25 148 T 19
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Fig.1 The rheological properties of bitumen after short—term

and long—term thermal oxidative aging

33 ZREHATBURKPAEZUBERIS
HIHE H e
Z R SR A S AR B A 7 2R
Je R PEREFE PR ANEE 10 Firzs.
* 10 AEZLERETEBERNEMIEREIER
Tab.10 The conventional properties of recycling
asphalt under different aging conditions
FEARE  BAbS BE 10 CIERE 15 CHEfE
/dmm  JREE/C /(Pars) /em /em
BEA T 713 46.6 0.35 30.9 >150

1 ¥ RTFOT
FA+13% 71.4 50.1 0.35 121 >150
AR
2 K RTFOT
EA+19% 73.6 49.1 0.34 187.5 >150
PRI
3 K RTFOT
#Ab+23% 74.6 50.8 0.35 189 >150
P
1 X RTFOT+
PAV E1b+24%  74.1 483 0.36 166 >150
RIS
2 X RTFOT+
PAV #4k+32% 755 49.0 0.35 140.5 >150
AR
3 X RTFOT+
PAV #1b+43% 742 48.6 0.35 111.5 >150
AR

Pesk




122 PN === QSRR 1Y)

% 10 iT LA 1, BEE A LB
B, Wi PR T AR S R B R X
It 1 ¥ RTFOT.2 ¥k RTFOT #1 3 ¥k RTFOT F-3E47
PAV ZALHT G S e A RIB AR e, v LU B 1K
RTFOT F#E4T PAV FiIJ5 P FIB EAHZE 11%,2 Ik
RTFOT F3#E4T PAV RiiJ5 FARIB A 2E 13%,3 IR
RTFOT FLiE1T PAV HIf5 4L M8 1A 25 20%, i
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Fig.2 The rheological properties of rejuvenated bitumen

after short—term and long—term thermal oxidative aging
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