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Abstract: Anionic epoxy compound was synthesized and added to asphalt aiming to prepare self-healing asphalt. Epoxy-
modified asphalt showed excellent modification effect and healing effect as well. The results revealed that with 5% addition
of polymer the tensile strength, impact strength and complex shear modulus of the polymer-modified asphalt increased by
65%. 64% and 35%, respectively. It seems that high interaction occurs between polymer and asphalt matrix. Self-healing
efficiency of the polymer-modified asphalt based on tensile strength showed 100%, comparing to 79% of straight asphalt.
In impact experiment the polymer-modified asphalt showed 99% of healing efficiency, comparing to 77% of straight
asphalt. In rheological experiment the polymer-modified asphalt showed 103% of healing efficiency, comparing to 72% of
straight asphalt. It appears that the ionic bonding existing in epoxy polymers contributed to high values of self-healing effi-
ciency. The polymer which has high intermolecular force fills the crack of the asphalt, pulling the opponent side each other,

and so the original properties were restored.

Keywords: anionic epoxy compound, healing agent, self-healing asphalt, crack healing, healing efficiency

Introduction

E2E FY ERNA 2 S840 AR e Wi, 7

7 D FAF LEF FUZ ofAUE TR £2n)
o) GolAITL YU} M&EER ofATE T T FolA
w5 & (pothole)e] 6% 71 RS %% ARk glom,
o 243 (rutting) =02 et Qloh! =2 9t
o mEetae) Azke e lolo], 2 w2
A AstEEe B AZE g8 247 Basht,

OIATEE UHHA o2 A2 E= AL2(20°C ZA)A=
Fo] WAY] A TLO0C ZA)HE 24 EHo] &
A317] 4k, 1% @AIsi] Y5}l ofATES Ak 2
U} NAIATETL S0l AT E (straight asphalt) 2Tk W)
T/go] sttt sho= o] A ud o 4= glo] e
sHA Fot. 53] A E vAF g A AA N 2EESS
B3} o]of] BHES =2} FHE AL AT 5
I0f wEh ER 2R £S5 7 e AHARE of:
TEZL ARMEh &, ofATE FHO| HAH #ES 7]
GrotE A= Ao|tt. o] wiEh okATERA e ARAl
4 QA =23E] - AAElE 2 5 Ao

AZMA| f+ SLold AUtE 79| o FREA 2H AR
ol Uehte &84S Awste] 9 Jd= 57412 = e
58 AAE 2 YL U9’ o] TS AEES A*

o o

B
o e

¢
¢

_

Corresponding author E-mail: ykhong@suwon.ac.kr

£ UYE AF ol AAFHLZE AF3tt= g doFTt.
S48 fEolv thE FH Y &Ao] doju o7 E40]
HH AL F= B4 g E ol By #go] dAyst
A Q7Y oz fEEY uAlEEE FobAd FA7L o ¥
ot 240] AR Foll doluhe A2 &S ARE + e
TS FRACE A ok &4 EH8at @A A
&717k0] AR EH G A 2L = & Ao, 2
H}Ho 2 CO, AHFE Y + IS Aot

AZHA - 2o TR A= Rl S "I T=
Ao 2 2gE|o] fr}. Wang'#} Lin* 8-0-& H7kshe W
A& AABHH o, Shen’2 7R {5 $l3lA B 7heke
HHA1S A A8H T Li%9t Raghavan™2 @] 5o A 2]3-8 2
= FUste TS AASHA vro| 22 a-S o]-&3ke 1]
Al ol &3t &S AUNS o, AE3H AlAgTt Zo] ¢
Ho) 27 glo] AAE A{EE AlAFE] eIt
A7) upo] A=A 8 B of AR} AJAH] qhof Tt 9
ol dgler 3EA A2ge| F(erack)o] 7HE, I 4
(crack plane)o]l Q& wo] 2274 &o] B WA FAHCE 8
et A4 ZHof oju] R4 JE Suje} uk-gshe i
A7t SEE o] A4S W= Aoltt. o9} Hl=%t 252 5t
£ Aol tlA| FFAkhollow fiberjoltt. AFAE A& TF
AP AHE 238 Eo) 3851 §lth. Cho''%= polydimeth-
ylksiloxane¥} polydiethoxysiloxane2 ZZTA|AH 24 EH
of A2 mAEES 70% FE= AFAIZ



168

Young-Jik Lee et al. / Elastomers and Composites Vol. 50, No. 3, pp. 167-174 (September 2015)

A=A ofABE T O A of AT ERRQIT 9 u]A|atE
Byt EEE 2o 39 AL AT A16E 2ANA
etk A BT 2RO B BHo2 olABE E]
A4 BHAG &7 AERYE ofiBE HWS AvtER
A EBtAL, oFATE O FAE] ofATdl I} TR Y| Bl &S
H Y= 3 &5t keshH ofABES] 42 A9 of
ATE BEA OB HlILo]ZREE B4 3] E A (rejuvenator)E o
~WE Fyo] Aelshr]E Gk aeL o] FEEL ofa
E Ewolqu 25D Ee 2k 47 nexe o
203 Qlt}. E SLke] BAE o5 ARG BH 0|4 #
QA B o] ohtt. Ho] A714E olstel 2L B
o wo] A7lEIITH . o] M-S opaBERIR 0
HEA H4AE EE P2 A% EE )2 294712
Azko] At EAbo] FPo] WAEH TA wwle] 1w A}
P WAL A7 SARAE DHAA ofagE
FIE Yo A=A A7} 24 (induction heat)d}o] ofA

FE7} 30°C~70°Col| A FEURF fA19] 48 2HA =i 1

ﬁ ionic group AS

asphalt J/ asphalt

(—NH CHz-CH —M— CH-CH2-NH —S

asphalt
(a)

(7000*' HOOCAS

asphalt ¢ asphalt

COO CHz-CH —M— CH=-CH200C AS

asphalt
()

mlo

>

¢

asphalt

asphalt

o wet WARE 2 Heol 39 AWo] AR Tehgo] 7

Q2 v e ot Tt o] Wy EF 2E B4 ol
X G P (E) Filo] ohTh Bt QIzke] Ego] Wa

3tk Aol AH&/d (autonomy)o] &%= ZA T A7HA]
f+ il ohyr.

OFABE Q] ZH ol 7lAshE Al otrEE e 54 24
2A, 2% 223 1,000~5,000 g/molo] ¥, 40t T Eofj =
F 20%7F ZFE ] T 748 AR o 2= WA, AL, of
7], A7), 72 R AT, Rol &) 52 ERTEAL QI o]
% ofwl7], $417), 7h 2 EA 7], Hol 7] H-2 kg Ao

FAE 2 2 9lo] 2AE F HholS o] o ZAjo| =9} ZHe

skt & vtk

ol Igo| TP IEAE o]24 ILEA EE ofole
= (ionomer)gtil Ea]2-t}. " ofo] 2 le = TEA} Al&o
°] 2717} 20 mol% H = = H Fefoln o] A o] o3 a1
E2p7F A= o] 2315 (ionic cluster) e 2 A3 Hof A&
oME 7h 4E& FEeTh SRRt o] 7t =23 Tk

o “°A(>
[¢] [¢]

asphalt asphalt
O—Cﬂz-(I:H (IIH-CHz—O
OH OH
asphalt asphalt
(b)
NH-CH2-CH CH-CH—0
1
OH OH
[ |
o
L] 1 1
1 L] L]
o
asphalt : : : ionic bonding asphalt
o
o
0 —CH:=CH CH-CHz 00C
OH OH
asphalt asphalt

(d)

Figure 1. lonic reaction mechanism of epoxy compound with asphaltene molecules; (a) reaction with amine group of asphaltene, (b)
reaction with hydroxyl group, (c) reaction with carboxyl group, (d) ionic bond between ionic groups.
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Figure 2. Preparation of the anionic epoxy compound.
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