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Abstract: Using epoxy resin E51 and polyethylene glycol ( PEG) as raw materials, waterborne epoxy
emulsion was prepared by phase inversion method. By exploring the effects of PEG molecular weight and
emulsifier dosage on the viscosity, particle size and stability of the emulsion, the waterborne epoxy
emulsion with the best comprehensive performance was selected, and the thermal stability and micro-
surfacing of the cured waterborne epoxy resin were analyzed. The compatibility between waterborne epoxy
resin and emulsified asphalt was investigated by fluorescence microscope, and the optimum content of
waterborne epoxy resin was obtained. On the basis of this, MS-2 waterborne epoxy resin modified
emulsified asphalt micro-surfacing was prepared. The influences of different preparation methods and

different curing agents on the construction performance and road performance of micro-surfacing mixture
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were investigated, and the cost performance of self-made emulsion and commercial emulsion and the
corresponding micro-surfacing performance were analyzed. Results show that when the molecular weight
of PEG is 6 000 and the content of emulsifier is 20% , the waterborne epoxy emulsion has the best
comprehensive performance, and the corresponding waterborne epoxy cured product has excellent thermal
stability and good micro-surfacing. 6% waterborne epoxy resin has the best compatibility with emulsified
asphalt. The best preparation method of waterborne epoxy resin modified emulsified asphalt is to mix
waterborne epoxy emulsion with emulsified asphalt and then add waterborne epoxy curing agent.
Compared with the basic amine curing agent, the micro-surfacing prepared by waterborne epoxy curing
agent has excellent comprehensive properties. Self-made waterborne epoxy emulsion has higher cost
performance than that of commercial emulsion, and has good application value.

Key words: road engineering; waterborne epoxy emulsion; modified emulsified asphalt; MS-2 micro-

surfacing; construction and road performance; cost-performance analysis
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Table 1 Technical index of waterborne

epoxy curing agent
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T4 )40% MHEE SR/ (g mol ™) 220
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Table 2 Technical index of emulsified asphalt
I § TR 45 FRifEEisR
hr - HLA PHES T
PRUERIE Cos 5/5 17.6 12 ~60
BRI E, 7.9 3~30
it R A (1. 18 mm ) /% 0.04 <0.1
SR ZER =2/3 =2/3
B BR W BT 3 L % 61.7 =60
Wi 2458 B/ MPa 0.19 =0.1
R EBYPER W %/ % 146. 53 =50
25 CHFAJE/(0. 1 mm) 98.7 40 ~ 100
Ak s/ C 57.1 =53
15 °C HEFE/cm 106.9 >45
1d 1.2 <2
AR %
AR/ % 54d 5.5 <10
x£3 FHLER
Table 3 Mineral aggregate gradation
AL/ mm 9.500 4.750 2.360 1. 180 0. 600 0. 300 0. 150 0.075
Wit/ % 100. 0 97.5 77.5 57.5 40.0 24.0 15.5 10.0
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Fig. 1 Performance test specimen at micro-surfacing
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Table 4 Effect of PEG molecular weight on viscosity, stability and particle size distribution of emulsion

PEG ARX g/ A 210 10% i 50% kife  90% KifE  RIARIM

N (mPa-s) FaEbE/d b % F2MH/ um {8/ m {8/ pm e B
1,000 218 5 20 1.630 2.503 3.771 0.855
2000 254 20 5 0.382 1.291 2.431 1.574
4000 331 24 3 0.244 0.831 2.464 2.672
6000 428 60 1 0.392 0.892 1.396 1.125
8 000 260 25 5 0.223 0.746 2.501 3.054
10 000 1752 60 1 0.230 0.495 1.287 2.136

2.3 FUFIRELEXIBRESERZM
e PEG6000 il #5 AL AL, I 1 A [l 2L Ak

FR AR R KPR PR A FLIR A ARE 1, I % FLBORE
feit Ay o b, A B Hr a5 R 3k 5 B
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Table 5 Viscosity and stability of emulsion with different emulsifier content

FLALH 1) 74 it 7 =R 10% Fifs 50% Fitz 90% itz B4R A
FEBE/%  (mPa-s) RoEt/d  REM/ % B/ m {E/pm {H/pm i
10 239 5 20 2.264 4.766 8.263 1.259
20 428 60 1 0.392 0. 892 1.396 1.125
30 1182 65 1 0.253 0. 532 1.411 2.175
s WA AR B Engm,  2.4.1 HRESH

TR IR FL IR ) 8 B s n, LA R B B
20% HIFLIRIAF R e MR O R e M IR T,
A Ak 4 v LA T e 5 i, X AR M 1 4R THAE
AN, HXFEF 10% 50% F1 90% Ritt(H LL K ki
oy A e AT Y FLR B 8 R 20% B il 15
M FLIR LR B e
2.4 KEREMBERM LS

1 PEG6000 | FLALFI BT 45 & 20% X i i 7K P
IAFLI S KRR AR DA e b 20 LIRS
S AT B K S SE A R

IKPEFR AR R AT RS SR an & 3 fos, R
FH 300 C i 2k Fok R i vk, HAE 100 C
MBI R 2. 1% , 3% 52 IR A [E AR W 5k B /K 53 7%
KL TE 300 °CHF 1Y BT i R ALK 7. 1% , Ui I H:
B AW RARE M, A5G 2 PR I EOK, A iR
FER RS T, AR o F h i o A2 s Y, &
500 °C B 19 JiT 45 2k 35 5] 88.2% . 7E 800 C A,
LA/ DIRE TR VS
2.4.2 HOWIES

TP AR HOIE S AN ] 4 B, FHIE 4 (a)
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Fig.3 Thermogravimetric analysis of waterborne epoxy resin
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Fig.4 Micro-morphology of waterborne epoxy resin
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Table 6 Performance comparison of waterborne epoxy emulsion

LA R SEEIRIAZ/ um ittt et d BLDRETE % WEaE % Mg/ (JC-kg™")
A il L 0. 89 60 1.0 7.1 23
JT-851 1.45 40 4.5 9.0 27
F0704 1.25 45 3.0 9.5 25
WEAR S IER ., WA e 5 FL AL 5 M A YRR, Hid 6% Bk Pk

2.6 KEREMESALIEHERE

M TAEZOC I PR nT Bl 5Ot
B RIS @, MFL IS TEPOUER T A 0L,
1, R 9O WSS R PR A R P LA U
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M 5 Al LA Y, SR PR R i B 12 1
0, AAFLWH I, BB B @, LIk A
UIRTAZIE 57 e Vi S €E2 N Ui = 1EIDiN = 2 c wa il W
3% 6% 9% W, FLI A AT R BRI %, SLBCRORLHE
A ¥ S 8o HAAR BN, W B i B oKk

PR R BT R 15 A5 B K PR R A S et S AL Ui
FHAANE R, KPR AR R TR B R KRR
12% (15% I, LI ORDRL A I d 28 K HLH B e
4 AT SR BE G2, TR 8] Fr) A 2% LG P B e 28R
Z5 I, RN BB BT KPR A5 5 7L AL Ui
HHAEMER 2, &5, B A 6% KIKIER ARG ]
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A ERI R AL
2.7 HRSREBHERTN

K th B LIRORN 2 Tt B LI (BT AR L3R
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Fig.5 Fluorescence photos of emulsified asphalt mixed emulsion with different waterborne epoxy resin content
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Table 7 Technical index of waterborne epoxy emulsion

BN T S gt Eifes =V pH FHE/ (grem ™) HEHE/(grmol ')
A il 7Lk AHE 50 7 1.05 220
JT-851 A 58 ~62 7 1.08 360
F0704 AH 60 4~5 1.03 220

2.7.1 KRR EM RS AR e IEX R R S

BHERE BT , R AL TR & R E
FBET 3 POKTEREM NG R F R ST Wk 8.9 FiR,

x8 ARKEFERBEBERIL IS FI & T ENRRLRSRIE T E4E
Table 8 Construction performance of micro-surfacing mixture with different preparation methods

il ik g 25 C A HEHIET ]/ WFLEFE]/min+ 30 min 268 71/ (N-m)

300 min 5% 3/ (N+m)
1 200 10 1.5 2.6
2 197 10 1.6 2.7
3 230 20 1.0 2.2

R ARIKERERAES IS B & ENRMRLE SRR

Table 9 Road performance of micro-surfacing mixture with different preparation methods

il & g A/(gem™2) B/% Fr 158 &/ MPa Fheh iR/ MPa
1 248.58 1.74 0.33 0.34
2 210.99 1.55 0.38 0.37
3 314. 66 2.07 0.29 0.28
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Table 10 Effect of different curing agents on construction performance of microsurfacing

I#i] 1 790 44 25 C A HEHIET ]/ WeFLIS ] /min - 30 min 262 J3/(N-m) 300 min %% J1/(N-m)
B )i >300 50 1.0 1.8
(i) >300 45 1.3 2.2
SR ER >300 45 1.2 2.1
Bk D230 >300 50 1.1 2.0
KA P 4 T 4155 200 10 1.5 2.6

F11 FEEBELFI RS R AR
Table 11 Effect of different curing agents on pavement performance of microsurfacing

[i] 4k 551 44 K A/(g-m™?) B/% FLAN5E B/ MPa Fhe iR/ MPa
= W apE 370. 44 4.91 0.13 0.12
() 2 272.95 2.97 0.21 0.24
SRR 300. 57 3.05 0.18 0.23
Rt D230 341. 84 4.15 0.15 0.13
TR PB4 [ Ak 7 248. 58 1.74 0.33 0.34

H12E 10 .11 7531, 5 4 BhEa R [ 150 B ik
AL PR v AR LR ] 51, AR 4% IO E
FAR TR A A R AL AL, 4 Fh LR
L8] 7] 25 T BE P e 80 22 A WP 8] — R |
SRR Bk AT D230 = M DU RE, X
TR T RS A AR SR A R A AR,
Ty BE NIRRT 58 FIC I A 5 S b 2K R i A
WO MBETERZ ; Rl D230 &4 N 451
FATE R FRIR 2 5 = 6 WU e 5 A7 0 2 ik g i
B AR d 22 K I P f o) B 7K AH P 3

[ P A [ AR AR
2.7.3  A[FFLBON R AL I RE AR

BT AR MEFR IS 2 308 FLIBON
FALTRARHH I PE RE AR, K A 4 e 1 7L AL
T A AR 1, AL R KR IR AU E AL
7o MHASERNZ 12 s

I 12 AT RUA Y AR S 2 A R PR 3R SR LBV
o7 (8 PR AR A 2% 3T T R RE DT T 4000 T 2 st 45 7
iy, I LTS B, 2 WA ST 4 i) K PR BR 4 L A
PR AL B B B s PR EE
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Table 12 Effect of different emulsions on pavement performance of microsurfacing
FLI AR A/(g m™?) B/% $ir {58 B/ MPa FHE5 S/ MPa
SR BN 248. 58 1.74 0.33 0.34
JT-851 301.78 2. 68 0.26 0.25
FO704 294. 52 2.32 0.27 0.25
A [4] FRER, #BRESC, FIETF. KU IS S UL i IR
3 HFig

1) PEG6000 JFi 15 & A 20% 45 B A S5 1 764
FLAL T T 75 10 7K P A R L VR 280 B R, I A A
FES RS M A, BBl 428 mPa-s, W AR E
PN 60 d, B O RaETE N 1% o 1%L E AL TE B
IKPEFRE R AE300 °C B it B A 7. 1% , Hoag
Mo A FAEEE PR RN R AT IO TIOURZE A8, K PR 3R 48 iR
FiitiB ek 6% i, 15 2 1) K M A FLAR I A2
PRI, v R TR AR AR 4

2) KRR AR G E RS, FEmAK
PRI S Ak R Sy i 1 7K B 4R L AR T o T
B, AHAES T IERE RS AR, 7K P 2 4 A7) il &
(PR AL TR A R L 28 ST S 1 it T R i FH P B
PERE I A 1 T R AL TR A BE 25 °C AT FE AR [E] A
200 s, BEFLEFIE] 24 10 min,30 300 min 265K J150 510
1.52.6 N-m,A J248.58 ¢/m>, B}y 1. 74% , i fif
SRR 0. 33 MPa, ZE4558 5 4 0. 34 MPa,

3) BHIA K AL AR S A L, fE
R Ak A5 M 3L A0 7 A R v B A 1
VNI

SRk
(1] XA KPR ER A St 7L Ak 0 75 9 B B 52 45
[J]. ITPEEERF, 2016(16) ; 181-184.
WANG Y J. Review on application research of waterborne
epoxy rtesin modified emulsified asphalt [ ] ].
Building Materials, 2016(16) ; 181-184. (in Chinese)
[2] sR/NEE. BRI BORAE L B TR PSR4 R B R [T ],
i R BRHEE, 2021(8) : 4344, 70.
ZHANG X B. Application of micro surfacing technology in
China High Tech,

Jiangxi

highway preventive maintenance [ J].

2021(8) : 4344, 70. (in Chinese)
(3] FTRW]. GERALHARAE LN B T TR 47 A R[],

TEPUEERS, 2016(19) : 138-137.

HE J M. Application of micro surfacing technology in

highway preventive maintenance [ J]. Jiangxi Building

Materials, 2016(19) ; 138-137. (in Chinese)

BELPEREAI ST [ J]. SNES AL S i T AL AL, 2016,
33(1) . 54-57.
ZHANG Q, HAO P W, BAIZ Y. Study on performance of
waterborne epoxy resin modified emulsified asphalt concrete
[J1.
Mechanization, 2016, 33(1): 54-57. (in Chinese)

(5] X7, Bhitge, A8, 45, KTERR R o7l Ak
FREEHPEREATIE[ )], BURSTE A, 2017, 14(4)
14.
LIU N, ZHONG H Y, YANG Z P, et al.

Road Construction Machinery and Construction

Study on
performance of waterborne epoxy resin modified emulsified
asphalt concrete [ J]. Modern Transportation Technology,
2017, 14(4) : 14. (in Chinese)

[6] GUJW, YANG X T, LI C M, et al. Synthesis of cyanate
ester microcapsules via solvent evaporation technique and
its application in epoxy resins as a healing agent [ J].
Industrial & Engineering Chemistry Research, 2016, 55
(41): 10914-10946.

[7] CREYTENS K, GILISSEN L. , HUYGENS S, et al. A new
application for epoxy resins resulting in occupational
allergic contact dermatitis: the three-dimensional printing
industry[ J]. Contact Dermatitis, 2017, 77(5) ; 349-351.

(8] FTRHAL, WL, 459, . AREs T ARUK MR AM NE L 1L

] o S S RE BT ()] B 5 IR 1, 2017
(14) . 32-36.
HE L H, YANG F, GU Y, et al. Preparation of nonionic
waterborne epoxy resin emulsifier and study on its emulsion
performance [ J]. Electroplating and Finishing, 2017
(14): 32-36. (in Chinese)

(9] &k, M=, PRAMNR B9 S 5% FLAL R 5
JE[T]. WAL, 2018, 48(9) : 70-76.

JIN'Y X, LIAN H L. Research progress of phase inversion
emulsification technology of epoxy resin [ J].
Industry, 2018, 48(9) . 70-76. (in Chinese)

(1012008, %, RIK=, . AE8 7 AUK L AR
FERFLW ) 5 S ERERT T[], OB Tk, 2016,
46(8) . 53-57.

YANG H G, YANG JJ, WU QY, et al. Preparation and

Coating

performance study of nonionic  waterborne

epoxy-



5 8 1] 2B, A KPERMEFLIA T 55 5 MS-2 BURERALTERE 883
polyurethane emulsion [ J]. Coating Industry, 2016, Building Materials, 2019, 22 (1):. 160-166. ( in

[11]

[12]

[13]

[14]

[15]

[16]

46(8) : 53-57. (in Chinese)
JeAs, BENL, FIER. TR A U KBRS
WRRTERERTTE(J]. BRRHE, 2020, 48(12) ; 58-62.
LONG J, HUANG X L, YAN J. Study on properties of
waterborne epoxy resin synthesized by phase inversion
method [ J].
48(12) : 58-62. (in Chinese)
BURRE, ER, k. KR A LRI A AR
L HFLWEH (0], PR, 2021, 36(2) : 2531,
HE S H, YAN F A, ZHANG Z F. Synthesis of

Plastic Science and Technology, 2020,

waterborne epoxy emulsion emulsifier and its emulsion
preparation [ J]. China Coatings, 2021, 36(2): 25-31.
(in Chinese)

ZHANG Q, XU Y H, WEN Z G. Influence of water-
borne epoxy resin content on performance of waterborne
epoxy resin compound SBR modified emulsified asphalt
for tack coat[J]. Construction and Building Materials,
2017, 153 774-782.

TAEH. KVERR R LA U S5 A A 1 BE R i 1A
KWUPFE[D]. HK: HPRSGE R, 2015 24-28.
WANG ] W.

performance influencing factors

Study on structure formation and
of waterborne epoxy
emulsified asphalt [ D]. Chongqing: Chongqing Jiaotong
University, 2015 24-28. (in Chinese)

JJA G, RN, RRHITE, . KPR IR - FL AT
TR YRR (0] MO AR, 2018, 21
(3): 414419.

ZHOU Q W, LING T Q, HAO Z H, et al. Characteristic
analysis of waterborne epoxy resin emulsified asphalt
blends [ J]. 2018,
21(3): 414419. (in Chinese)

BFHER, HEE, VRN, FOKER AR IR ML
W RELSEREIRI AT (1], AR, 2019,
22(1): 160-166.

LI X J, HUI Z F, YAN H Z, et al.

analysis of adhesive performance of emulsified asphalt

Journal of Building Materials,

Experimental

modified by waterborne epoxy resin [ J]. Journal of

[17]

(18]

[19]

[20]

[21]

Chinese)
WRFEE, UG, EJEM. KA A2 AL I F 1
Fhb T R EREWE T [ D], S ML 506 THLAR AL,
2020, 37(5) . 7-10, 14.

CHEN Z Y, LIU L Q, YAN Z B. Micro-surfacing
preparation and performance study of waterborne epoxy
modified emulsified asphalt [ ] ].
Machinery
37(5): 7-10, 14. (in Chinese)

RIE, AR, FIRT. IKPEPR R AL 8% L RE T 5T
[J]. WEEAHSE, 2019(2) : 51-55.

GUO H, HAN S, WANG Z Y.

performance of waterborne epoxy micro-surfacing [ J ].

Road Construction

and  Construction Mechanization, 2020,

Study on road

Inner Mongolia Highway and Transportation, 2019 (2) .
51-55. (iin Chinese)
LIUM M, HAN S, WANG Z Y, et, al.

evaluation of new waterborne epoxy resin modified

Performance

emulsified asphalt micro-surfacing[ J/OL]. Construction
and Building Materials, 2019, 214: 93-100 [ 2023-06-
19]. https: // www. sciencedirect. com/science/article/
pii/S0950061819309894 7 via% 3 Dihub.
BT, XMRE, RE, & KR ARSI
HWERATERE[T]. KERZE¥M AR,
2017, 37(5) : 23-30.
JIJ, LIU L H, SUO Z, et al. Micro surface treatment
performance of waterborne epoxy resin modified emulsified
asphalt [ J]. Journal of Chang’an University ( Natural
Science Edition) , 2017, 37(5) : 23-30. (in Chinese)
FEAGE, JEEIS, XA, % ZREUKMERATLL
WEMRLTAMEL)]. KRERF¥AM(ARFLF
fR), 2020, 40(1) ; 68-76.
ZHENG M L, FAN X P, LIU F Q, et al. Micro-surfacing
durability of compound waterborne epoxy emulsified
asphalt [ J]. Journal of Chang’an University ( Natural
Science Edition) , 2020,40(1) : 68-76. (in Chinese)
(ALt HAEA)



