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Abstract: In order to enhance the long-term resistance to cracking of asphalt pavement, a self-healing polyurethane
modified asphalt based on dynamic disulfide bonds was developed. Polyurethane chain extender containing disulfide
bonds (CY-OA) was synthesized using cystamine dihydrochloride as raw material, and disulfide bond-crosslinked
polyurethane elastomer (PU-SS) was synthesized through stepwise copolymerization. PU-SS was mixed with asphalt
to obtain self-healing polyurethane modified asphalt (PSA). The physical and chemical properties, microscopic
morphologies, and self-healing properties of PU-SS and PSA were studied. The results show that the addition of
PU-SS improves the low-temperature deformation resistance of asphalt. The dynamic disulfide bond self-healing
mechanism of PU-SS promotes the inherent self-healing ability of asphalt, achieving synergistic repair.
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Table 1 Physical parameters of BA

Index Test result Specification
Penetration(25 °C)/(0. 1 mm) 67.4 60-80
Softening point/°C 47.0 44-57
Ductility(10 °C)/cm =100 =100
Flash point/°C 280 =260
Density/(g-cm™?) 1.05
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Fig.1 Synthesis route of CY-OA

O

) + HO\/\ —_—
NH,

(6]
BDA ETA

N—""0H

BDA-OH

Bl 2 BDA-OH 4 Bk £k
Fig.2 Synthesis route of BDA-OH

PU-SS & B2 B8 Ry « B S8 78 3% $2 43 HLAR I 1
#ir 1 250 mL = B R AR O A PPG L N330 Fll
DBTDL;#% 75 85 C T R MR N (IPDD M A 2R
GWE W 1 h RJE A BDO KB 2 h, 251 &

70 °C, A CY-OAAE R 571, RN 2 hy 5 J5 in A
RE R BDA-OH, H# NCO W%, 153 sh &5 —mi
SRR AT (PU-SS). 78 il # o 72 b, fff 1] DMF &
PR RN e B B E PU-SS Y A i £ WL 3.



516 N 27 %
OCN NCO
HO vvv\n0OH + + HON\_ OH
BDO
PPG/N330 IPDI
H O
(0) S. N
Fuv T]/\N/\/ % \)LO/\I\
o H
CY-OA
OCN S<
M S/\JVV\NCO

(0)

O

+@\J«1\I\/\OH

o
BDA-OH

(6]

o

(0)

PU-SS
3 PU-SS &ML
Fig.3 Synthesis route of PU-SS
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Fig.4 Synthesis process of PSA
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Fig.5 FTIR spectra of CY-OA, BDA-OH and PU-SS
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Fig. 6 FTIR spectra of BA and PSA
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Fig. 8 Stress-strain curves and healing efficiency of PU-SS at different healing time
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Table 2 Basic properties of BA and PSA

Index BA  PSA-4 PSA-8 PSA-12

Penetration (25 °C)/(0. 1 mm) 66.3 68.4  70.2 71.9
Softening point/°C 50.3  50.4  50.7 50. 6
Ductility (5 °C)/cm 5.9 7.6 9.2
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BAFIPSAW AL ERE W% 3. &R 3 AL .
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TUIH R AEE R  Hi % PU-SS & & 34 in, PSA
A R AR BBEZ 0, R PSA W AR e 2
T 3h s sk B .
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Table 3 Self-healing properties of BA and PSA

Lyea/ € H/%
Specimen L ./cm
4 h 8h 4h 8h
BA 415 203 28.6  48.9  68.9
PSA-4 168 25.2 357 53.8  76.3
PSA-8 54.6 36.7 44.7 67.2 81.9
PSA-12 60.7 43.6 52.1 71.8 85.8




55 634 OB EST

T B 11 1 5 5 T oA 0 ) o) 5 R 019

3 Zig

(DFER A BR AR b D 5] AT Z i, &
T B RS I R A R L R (PU-SS) . PU-SS 5 i i
R — S 550 R AR T U ISR, B A T ok
PR IF .PU-SS E Ry 10 7 i 700 2L A R A i e s

(2)PU-SS B A 5 T 09 5 il PR B 52 AN K
{HRf % PU-SS 458 & (Y34 i, PSA ) 48 J& Pk 2 154
Thla#, 0 PU-SS #h0A BT LI 8 2 32 55 55 (9 1%
HASEH T

(3)PSAX ZMA L AA B ENABERET,5h
BOGARE TUE RGN ABERE S, LT
B .

W

S E Wk

(1] wlhk, BREVR, & i, 55 . 2 B AH B AR HTR 0 i b ok
MR AR T]. R A, 2020, 23(4):912-919.
GAO Pengyong, CHEN Enli, CHANG Weifeng, et al. Bending
failure of asphalt pavement materials under vehicle-road interaction
[J]. Journal of Building Materials, 2020, 23(4) :912-919. (in
Chinese)

[ 2] HEAR, 5Ko%, SKM . Wi IR AR S /N2 UL 5 A WL 55 ¢
PEOHTLT]. BSR R4, 2023, 26(1):85-90.
CUI Yanan, ZHANG Qiang, ZHANG Xiang. Analysis of
macroscopic and mesoscopicfatigue characteristics of asphalt
mixture composite small beam[J]. Journal of Building Materials,
2023, 26(1):85-90.(in Chinese)

[ 3] ik, sk, frJe4s, &5 . WS Ak XA xh A A
e [T] dF A, 2022, 25(10):1070-1076.

“rEREm

[5]

[6]

[7]

[8]

[10]

XU Hao, ZHANG Wenwu, HE Zhaoyi, et al. Influence of
asphalt aging and regeneration on self-healing performance[J].
Journal of Building Materials, 2022, 25(10) : 1070-1076. (in
Chinese)

AL-MANSOORI T, MICAELO R, ARTAMENDI I, et al.
Microcapsules for self-healing of asphalt mixture without
compromising mechanical performance [J]. Construction and
Building Materials, 2017, 155:1091-1100

B2, 22 HW, W, % LDPE/EVA &4 stk I i 1 i 4
PERELT]. UM B2 4, 2022, 25(4) :408-414.
YAN Kezhen, LI Huili, HONG Zhe, et al. Rheological
properties of LDPE/EVA composite modified asphalt[J]. Journal
of Building Materials, 2022, 25(4):408-414.(in Chinese)
RV, AERIE, KA, 55 T IR G BHMIR R 280y R AL
T 03 M (7). @R AR, 2022, 25(3):300-306.

DU Jianhuan, REN Dongya, AI Changfa, et al. Low temperature
crack propagation and evolution of asphalt mixture[ J]. Journal of
Building Materials, 2022, 25(3):300-306.(in Chinese)
AGUIRRE M A, HASSAN M M, SHIRZAD S, et al.
Laboratory testing of self-healing fibers in asphalt mixtures
prepared with recycled materials [ J]. Transportation Research
Record, 2019, 2673(4):513-523.

ZHANG M Q, RONG M Z. Intrinsic self-healing of covalent
polymers through bond reconnection towards strength restoration
[J]. Polymer Chemistry, 2013, 4(18):4878-4884.
REKONDO A, MARTIN R, RUIZ DE LUZURIAGA A, et
al. Catalyst-free room-temperature self-healing elastomers based
on aromatic disulfide metathesis[ J]. Materials Horizons, 2014,
1(2):37-40.

LEIZ Q, XIANG H P, YUAN Y J, et al. Room-temperature
self-healable and remoldable cross-linked polymer based on the
dynamic exchange of disulfide bonds[J]. Chemistry of Materials,
2014, 26(6):38-46.



