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Self-healing performance of rubber modified asphalt mixtures with microcapsules
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Abstract; To promote the engineering application of asphalt pavement with self-healing microcapsules, the effect of
microcapsules on the basic properties and self-healing performance of rubber modified asphalt and rubber modified
asphalt mixtures were investigated experimentally. By comparing the basic parameters of rubber modified asphalt
containing microcapsules and the test results of dynamic shear rheological (DSR) two-stage fatigue loading, the
effects of microcapsules on the basic properties and self-healing performance of rubber modified asphalt were ana-
lyzed. Then, the effects of microcapsules on the road performance and self-healing performance of rubber modified
asphalt mixtures were studied by rutting test, low temperature bending test, immersion Marshall test, freeze-thaw
splitting test and four-point bending fatigue test. The results show that the penetration and ductility of the rubber
modified asphalt decrease slightly whereas the softening point increases slightly after the addition of microcapsules.
The self-healing index of rubber modified asphalt with different content of microcapsules increases by 1.9 ~
2.7 times, and the self-healing ability of rubber modified asphalt is the strongest when the content of microcapsules

is 0. 55%. With the addition of microcapsules. the high-temperature performance, low-temperature performance,
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and the water stability of rubber modified asphalt mixtures are slightly reduced. However, the results of the four-
point bending fatigue test show that the recovery rate of the flexural stiffness modulus of the rubber modified asphalt
mixtures with microcapsules increases by 11% and 8% after two times of self-healing, and the fatigue life recovery
rate increases by 6% and 2% respectively. The reasonable application of microcapsules can effectively improve the
self-healing ability of rubber modified asphalt mixtures and prolong the service life of pavement engineering.

Key words: microcapsules; self-healing; rubber modified asphalt; road performance; mixtures

U7 S T A PR 85 TR 2% R0 Sl Ay 28 4 I TR/ T 18 28 A S BOPERE T B o B 2 i i 75 5 T8I O 28 B2 I
AT AR TR S5 g Il DR e R L T B PR A LA AR A I 0 S T s i e O — 20 i
T R 25 o AR AT 90 75 0% 1A 140 6l ) 2 il o S O A 280t ok 90 5 8% 1 AT 48 5 O A K R ARl Y A i ot 2 T 2
P ) . 21 I Garcia S5 R T AR 0 GBS BE 11 08 2 BOR BIBI W0 T B4R L 24 30 55 P
PR SO e 2o AR RUAE S 0)  AKA AR 0 7 10 30 A s i 5 . AR T AL R Ak
W8 P £ 1) 45 K. 8 18 68 ) 75 1 A7 98 05 1%+ 3% TR AN AU AT A K 30 7 B T R AT A B T e N TR
AL ERAS AR ARER T RE . B RAF RO AT S . BRI R 1B 0 Ok B T DUA SRR T A R
BESC AR R B A 48 A TT BE S 0 100 T 1 S A T BB R0 7 R A R B P BE R R R R Z T 53 A R
BT ABHE A TR R A S AR I 2 W A2 52 B A X 0 7 1) BE A VR RE 4 AR K U T IR ORI % T 1 RE
FE b AR R BRI AR B 10 7 T PR RO 1 AR T R R A A i R R A B )2
F o R e A8 S EAR iz SR e b 00 7 0% 10 2 v o S B B AR A2 L B T ik i Y MR A8 1 AT S B
IRIER

PRI & % e A Sl U0 7 B Al e A e e U0 7 VR B R AR PR BB e 118 A2 1k RE O AR DG BE 5 o A
T HE (9B A 38 S A PR RE AN 48 2 1k BE 114 52 00 T DAy Rl 8 7 AR e 90 77 B T 1YY TR O A R R R
W H .

|

L1 X aat
T 56 T P A0 8 o0 DA 3R i i A P REAR 10 e, SOBSHE BE B Sy Y Ak — 3R UG R B L TS A
W 77 P AR50 5 PR A TR 098 T R R R A 5 A G i AT o VA R 0 BCE AL I T R R T R RO e A T

FAERE. BN 707 %1 BREMAEERSH

BT RURLAE 0. 25 mm {1y Table 1 Basic parameters of rubber modified asphalt

e 22 e i 9T Y0 o ) S A X5 H S 48 A AR W ik
160 "CR i ik 1 bl AR (25 °C, 100 g, 5 $)/(0.1 mm) 55.6 50~70 T0604
Bk i1t 1876 . MRt HERE (5 °C, 5 em/min) /em 22.1 >15 T0605
e il 8 5E R AR it AL/ C 84.6 >75 T0606
LA UIT B R A BB (180 °C)/(Pa+ s) 3.48 1.5~3.5 T0625

BMLFE) (JTG E20—2011) fif
& T0604,T0605.T0606.T0625 L5 J5 i 73 ) I 1 e B A BE L3 J L Bk i B A FR26h B2 00 3l 45 2R AL
#1,

AR CA B TR R IR AR ML) UTG E20—2011) KRR I3 75 B R & R it T8 AR 48
) T IR A3 R R T ARTIM-13 % 00 0 75 98 43 6k » 05 7 Y 4 6k 9 i A B OB 74 3 45k v D0 7 45 4 e Jo
5 TR AR A B Y (D 30 i R A B E 1 B A e (4 LR 5. 400 de AR A H R ARHIM-13
FIE AR W 2.



< 70 - L AR KX FFROE KA F R 2023 4% 5 A

®2 REAALLT ARHM-13 H# R
Table 2 ARHM-13 technical indicators of the best asphalt aggregate ratio

RE K2 A/ % ZBR/ % BRI B R/ 2 TR/ % RER/KN  JifE/mm
ARHM-13 5.4 3.6 14.2 74.8 8.29 2.7
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Table 3 Basic parameters of rubber modified asphalt containing microcapsules

MR REB /%

P R4 A HORZR
0 0.15 0.35 0.55 1.0
A AJE(25 °C, 100 g, 55)/€0.1 mm) 55. 6 53.6 52.1 50. 8 49.5 50~70
FEFF (5 °C, 5 cm/min)/ cm 22.1 21.9 21.7 20. 6 19.8 >15

Hibgi /) C 84.6 85.5 85.7 85.0 85.2 >75
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Fig. 4 Fatigue process of rubber modified asphalt with different contents of microcapsules



B AR U BAR B U R R B AR RE TR ¢ 73 -

2.3 WRERKBERNSRES R PR Lo
EBERRZERHTE i
S R TR — OO AR B S U B A 0.9
REAE A AT HAR 22K, o DR AR 0 e v 0 — (0. 55,0, 81)
B ISR 9 J5 1 A P BE 45 B BR A8 1l 2 £ E o8 /‘-\,
AR ERH MR BRA SR x| 16 -0
Ko B T o A A W S AR R RE AN A B ol //// ’
RN I I 45 R R YR B R e
R RGBS WO U 7 5 A1 0. 55 V6 I L AR S el
PEW T Y AR M B 48 A AR 02 1 R B R B - 0.0.58)
K [F R BB PEREA 55 B R 8Tt |
I BCA M 4 45 1 Sk U 75 A 0. 55 %0 Y W as ad 06 o0& Lo
PGOISE TS 3 7 T 86 TR0 T AT T 3 TR R B R %
R 5 MRESKRKMHEAESEY H,
Wi IR AR A R B TR A R Fig. 5 Sel-healing index H, of rubber modified
Wit 5 4R 50 B AE BT O AR asphalt containing microcapsules

JBE S0 9 TR 5 Rk R I 2 B B S A 90 TR G Rk T A S AR R S U ) SR AR PR BE AR A T R R
SR (] Eof A J5 38 1 48 i o O TR G REEL BT A I LU B AR N S A2 DA 5 7 AR RL 48 0 L ] A s e R Ot
AL 8 o A e e P U0 5 TR S I A B Y S ) 2 AN
2.4 MEETEX ARHM-13 2% F 14 65 (9 22 1

AR FESORE e F ARHM-13 % I 68 19 52 ) o XF 42 00 308 38 5 1) ARHM-13 3847 42 30l 50 AR T 25
T B K B a0 0 R B R X b R R 30 T TR R A R 4 2R DA 40 A U B 1 48 AR ARHM-13
P4 e P BB AR M B AR AR PERE S L R 25 AUID B T 6

HEAE 1 6 e 4 R AR Ok 0 75 TR A BB IO 28 5 0% Bl B B L e R S i I AR L Bk BR R EE M B A
5 5 LU 38 IR B AR AR R TR R R ZESR . X AT R PR U B 4B A R TR IS M U 5 4R kL]
) R85 45 AT 5 0T 0 A0 I oS M 0 7 TS 5 R P i B R B D B B SRR T R . DRI AR SR AR
oL T RO B IR G R R PR RE RS2 e A BRI R SR R R B . RS T R
AT BB A FR 43 Il e e L 52 e L g PR BE . IR AR RE GRS By 135 “CHRTH 2 165 °C Tl 4 i A7 15 %
1 73 Y0 R 25 63 %0, P14 10 B A4 T 25 A 7 IO 8 A A 15 R L IR AT R TSR A TR T e R
MR FE G IR LA SO BE WAL . F 5 v BT R OBE P B RE AR 10 o KEAR AR /)N o HL 3% BE BLAT 55 1y 1 5 BE
RS A58 558 R ) A e 0 & R A28 2558 /N o e 0 T L O e ™ i B2 ™ U0 5 TR A s PN R e I g 00 i T o L A0 R
2.5 WEKEX ARHM-13 EZHEa R BEESENZN

SR FE X ARHM-13 [ & 52 P g 19 52 i, % f 0 98 0 7 VR 5 B A7 D o 2 i o 55 ik 3 . AR 4l
(A TRRUIH RUHFIRSEHRIE M) (JTG E20—2011), 145 K 514 380 mm X 63 mm X 50 mm 4 i
RA RN, B8 Ry 15 °C LR T IE sZ 2 i #0852 10 Hz, i 0 28 2 800 pe, LA% 50
ANE AT 3 1 25y 20 B2 A S S iU 100 B St B BE AR AL 2 U TR SR A Sl B BE R R R 2 ) 1R th 20
TR 50 00 i 2 kI o UK B S5 AE W 7 TR A RHIEE 07 N AR 3k AR b e A AR L TIUIS BE S TE TR B I R
vt I FIVE 2 BB B0 . A8 S 00K 150 4 S A R A% A 1 0 L AR 2 A R B & . K0 97 1 U I BUIR
W HERGEUE T 25 CHEEP#IT 20 h (AL, ABEET R G TR FRDRHEST BRI 7 i, W
P i B0 25 R AT BB A ARG R I B W B R A R S EE AT K AR DL H, o,



« T4 e b AHE KR FFIROE RHAF RO 2023 %4 5

3000
A ]

W

5
2500 iy

4000

©w

5 2000

25 Fir 55 [ /MPa

12 8 /(U mm)

)

1000 1500

1000

(c) 187K B BRI 25

E 6 ARHM-13 AR ER
Fig. 6 ARHM-13 road performance test results

S,
RS, VTP ALY F1 08 55 75 M B EBUR 5, — D3P A A0V 75 M B0 B B RE 5 S, 997 IO 1
I £ 075 02 R

FHT 18 525 B O W T8 2 0035 76 A 3 L HE,

S,—S,
H,= X100% , (2

N
3= <1007
Hi=y 100% . (3)

PN UTHIRE BRI A R IE S Fars N, — T HIREREE R G WS Far. "I 1.2,

¥ ARHM-13 PY g 3 g% 97 il 25 RIC B TR 4 B S0.S, .S, AR PIIRIE 57 1 2 56 1 IIE E Al
B2 WBERMEE M RN NN, RN WIRET BB L IREE RS 2 RBEEWN
W95 . ARPEF 4 AL FERI R S L R R B IR BE ) ARHM-13 i S EE R R T 4%, 9 97 75
MER T 1500 &t Mk BB E )G, 45 ih Sh R R IR G R & T 1120 9% 57 eIk Z 48 M T 620558 2 Ik
EAEE )G Wi IR A R S il S BB WK R T 80 R ST B IR R RS T 200 MR B AR T

AR U TR G R B 57 PR RE AN A 18 1k RE
BN Ak 5 4 R A 90 7 R H%)JIIL”%HH%‘JJE* WA 2 T R B X AR O U 5 TR R



B AR U BAR B U R R B AR RE TR ¢ 75 .

PORPERERA AR IS R B R 0 1 Y75 -5 SR RH R IR 2 . 3 EUR SR B T B s [ i 7E U 2%
S W 7 1R 5 A T ARE P i A v O M 4B BT R R DL Rl 4 P R A 18 SR AR T
ARHM-13 ({40 4k Sy BERLEE R [ R U R A8 0 (0 3 1) A ek P 01 7 TR 45 R » AU 208 A0 ol P 01 95 TR 5 R
8998 57 7 iy WS 390 32 ey T 1 B 1498 57 0 A R e A TR B L AU S T R A AR i I T A TR
LR SR B AL T L NI R TR R AR BT ST RE I S A B R AT .

R4 NDRTHESTRBER

Table 4 Four-point bending fatigue test results

- MR A %/ %
OB 2% A/ 5 i 2 i B4t/ GPa : A
i %1 o 2 B
/ 0
N, N, N, S, S, S, H, H, H, H,
0 90 370 23 630 9 290 8.55 6.27 4,47 47 26 18 10
0.55 104 210 32 940 12 410 8.22 6.49 4.78 58 32 26 12
3 g

W

D) AR U 7 I BE B HE JEE A T 2 B o TS R X AR O U T ) BB R AR RE R A
A XA il 2 RE R AR R

2) DSR Pl Bz 55 in 48 s 46 2 W] S 4 mT L DS 488 v AR ok v O 5 1 11 A8 SR PR RE L H U B 0 15 B
I AN A B b 22 o 4 T SRR ) 6 550 (0 0 7 W P2 A . Rl B 45 O 4 A 1 3 PRV

3) ARRECTE W F 7 R ARG R SO IRIR S i TR K ORI L R R R B R R L TR
BERHB ARSI R ARIRAE B8 SRR E TERE R AT AR RZ W (HR2 Wi 7 B A PR, & BILP o) BUR M 45 1 i 3 Mk BiE
(ERER IR

) AR W T IR AR A DU 2 A A8 S R W TR 2 R A R THARUIE U 7 TR BRI B 57 1 RiE
5 ABEIERE.

cEpd

[1] GARCIA A,SCHLANGEN E,VEN M. Two ways of closing cracks on asphalt concrete pavements: Microcapsules and in-
duction heating[J]. Key Engineering Materials,2009,417(2) :573-576.

(2] fT5, R . 0%, 5. BERGHMREAGCIARGFREZRT]. KERFFMARAHF M) ,2018,38(2):9-18.
HE Liang,CAI Zhuo, FENG Chang, et al. Research review of asphalt mixture microcapsules self-healing technology[ ] ].
Journal of Chang’an University (Natural Science Edition),2018,38(2) :9-18.

(3] #T% . % # 3 , WIM Van den bergh, 4. 7 & B 14 £ £ 48 Rt & [J]. M4+ 4,2020,34(15) :90-99.
HE Liang, HUANG Huduan, WIM Van den bergh.et al. A state-of-the-art on microcapsules for asphalt self-healing[ J].
Materials Reports,2020,34(15) :90-99.

[4] CHUNG K,LEE S,PARK M, et al. Preparation and characterization of microcapsule-containing self-healing asphalt[ ] ].
Journal of Industrial and Engineering Chemistry,2015,39(1) :330-337.

[5] LIU Z. Preparation of microcapsule and its influence on self-healing property of asphalt[ ]J]. Petroleum Science and
Technology,2019,18(5) :1-8.

(6] . wehiht/ G4 ERMAEFACEREGHESMAEAT[D] K. XXE T X F,2020.
BAO Shiwen. Preparation and properties of attapulgite/calcium alginate composite capsules for asphalt self-healing[ D].
Wuhan: Wuhan University of Technology,2020.

(7] FH KA kAW F RIRES T FRGAIE TS A @Ry asmi[]]. &5 F.2021.35(1):28-34.



. 76 o b AHE KR FFIROE RHAF RO 2023 %% 5

LI Bin,SUN Daquan, LING Senlin, et al. Effect of microcapsules on the fatigue and self-healing performance of asphalt mix-
ture[ ] ]. Petroleum Asphalt,2021,35(1):28-34.
(8] & AB MR KW BT FREHACEHBEMA[D]. TR FRLEKRF,2018.
CAI Zhuo. Study on self-healing properties of rubber asphalt mixture with microcapsules[ D]. Chongqing: Chongqing Jiao-
tong University,2018.
(9] B Z RN S EMAGHERLERMRLID]. &% K2 KF,2014.
XTAO Yicheng. The preparation and properties of self-healing materials of road[D]. Xi’an:Chang’an University,2014,
(100 skmy  F RN, E M B ARB A FHRERAATREGY 0[] b AR FFZRA KA FM).2019,38
(2):57-64.
ZHANG Peng, YIN Zhenyu. Effect of waste tyre recycled rubber powder on physical and rheology properties of asphalt
[J]. Journal of Shandong University of Science and Technology (Natural Science),2019.38(2) :57-64.
(1] FE.BRA DK B AR FNIEFSEZR A FE A% FIR.2019.32(11):6-12.
LUO Rong,SHI Chenguang, FENG Guangle. Correction and application of self-healing performance index of asphalt bind-
er[ J]. China Journal of Highway and Transport,2019,32(11):6-12.
[12] $ %%, @4, 5. BH RS ARG EAY MR Z 5] ZAHHFIR,2018,21(2).5-12.
LUO Rong,XU Yuan.,LIU Hangi, et al. Correction on self-healing index of asphalt binder and influence factors analysis
[J]. Journal of Building Materials,2018,21(2) :5-12.
[13] LI B,SUN G,SUN D,et al. Survival and activation behavior of microcapsules in self-healing asphalt mixture[ J]. Construc-
tion and Building Materials,2020,260(2) :1-11.
(WHE%HHH:. B HFR)



