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Research on design and performance of geopolymer-asphalt emulsion cold

recycled mixture considering interaction effects

WANG Zongrui', PAN Hao’, MENG Zuohua', YANG Xiaofan', LIN Juntao'
(1. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan 430074, China; 2. Metallurgical Geological
Exploration Team of Hubei Geological Bureau, Shiyan 442000, China)

Abstract: [Purposes] The influence of the interaction between geopolymer and asphalt emulsion
on the mix proportion design and road performance of the mixture was analyzed to provide a
reference for improving the performance of the cold recycled mixture. [Methods] Firstly, the
response surface methodology was adopted to design the mix proportion of the geopolymer-asphalt

emulsion cold recycled mixture. The contents of fly ash/slag, alkali activator, and asphalt emulsion
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were taken as the main factors, while the 28-day splitting tensile strength and 28-day failure
tensile strain of the cold recycled mixture were taken as the response variables. A 3D model was
comprehensively simulated, and the response surface analysis was conducted. Then, the influence
of the interaction between the geopolymer and the asphalt emulsion on the high-temperature
stability, low-temperature crack resistance, and water stability of the cold recycled mixture was
studied. [Results] The three factors, namely the contents of fly ash/slag, alkali activator, and
asphalt emulsion, show significant interactive effects on the 28-day splitting tensile strength and
28-day failure tensile strain of the mixture. Based on the response surface analysis and economic
applicability, the suitable content is determined to be 4% geopolymer and 4% asphalt emulsion.
Compared with the mixtures containing only geopolymer or asphalt emulsion, the geopolymer-
asphalt emulsion composite cold recycled mixture exhibits intermediate performance in high-
temperature stability, low-temperature tensile strength, and water stability, while demonstrating
the maximum low-temperature crack resistance strength. Overall, the high-temperature stability
and water stability of the cold recycled mixture decrease with the increase of the asphalt emulsion
proportion, while the low-temperature crack resistance improves with the increase of the asphalt
emulsion proportion. [Conclusions] The performance of the geopolymer-asphalt emulsion
composite cold recycled mixture combines the characteristics of flexible mixtures and semi-rigid
mixtures. A significant interaction exists between the geopolymer and the asphalt emulsion, and
the mixture has the potential for application in asphalt pavement structures under an appropriate
composition.

Keywords: geopolymer; asphalt emulsion; cold recycled mixture; response surface design;

interaction ; road performance
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1.1 RIEA R
1) BT IH I AR
RAP B4 BHEL [ A0 0] 15 2 SR 4P 445 v
A BELRL, IR & & (450 B8 B 4040
Y8 5.1% . RAPHIHRLAE N : 0~<5 mm 5~<10 mm ,
10~<20 mm F120~26.5 mm, §i 345 B W 1.
R1 RAPAFT HIhn 4R

Table 1 Sieve analysis results of RAP and mineral filler

R2 R AT & 69105 LR,
Table 2 Chemical composition of fly ash and slag

A 1) B 5 B %
Si0, | ALO, | MgO | CaO | Fe,0, | SO, %

WK | 53.04 | 3450 | 0.86 | 2.32| 253 [4.23| 252

B | 3450 | 17.70 | 6.01 | 34.00| 1.03 | 1.64| 5.12

R3I miEaHERR
Table 3 Physical properties of slag

R WREBY | FK | TEh | Bk |7 dindE | 28 diEE
(grem™) | (m>kg™) | /% | Wi% | B1% | 35580% | $5580%

3.10 429 0.45 | 98.00 | 0.84 | 84.20 98.50

N R AL T AT BR 2N B A Tl G K B
Na,O JFi i 43 50N 8.2% , Si0, i 1 73 B0 K 26.0% , 7K
LI 3.25, % B R 1.38 g/em’,

4) FLALITE -

T B0 FH VL3 I TR B b e e 4 A B 2 7] 2R
FE Y EA-502 ¥4 P AR BH B T 2L AR, ISR 3K
il B LA T o MRl O B 10 5 0 T P A R AR
JEY(JTG/T 5521—2019) " iR HLE I FLAL I & HEA
BR M RB R ARk 45 SR 2R 4

fiifl % Rd LT R A
Rot!| RAP1(20~ | RAP2(10~ | RAP3(5~< | RAP4(0-< WK Table 4 Performance indicators of asphalt emulsion
mm | 26.5mm) | <20 mm) 10 mm) 5 mm)

315 | 100.00 100.00 100.00 100.0  |100.0 WL M | WBER | HARER
26.5 93.20 100.00 100.00 100.0  |100.0 BN 12 Mtz
19.0 14.50 96.50 100.00 100.0  |100.0 LT A T i
16.0 2.20 73.90 100.00 100.0 | 100.0 i LS B (1.18 o ) % 002 <0l
13.2 0.15 28.30 100.00 100.0  |100.0 BT >9 230
0.0 0.18 0.95 78.00 1000|1000 e FFABE(25°C) | 0.1 mm 58.2 50~130
4.75 0.03 0.12 5.80 100.0 | 100.0 W HERE (15 °C) cm 69.5 >40
2.36 0.02 0.11 0.14 63.2  |100.0 WAL [0 51.3 > 46
1.18 0.02 0.11 0.15 38.6 |100.0 RS B S

0.60 0.02 0.10 0.14 217 | 100.0 T 723 =2
0.30 0.02 0.10 0.14 13.1 100.0 SRL AR A g fos| |
0.15 0.02 0.10 0.14 5.6 94.5 R 1d % 0.1 <1
0.075 0.02 0.10 0.14 3.9 87.2 Bt sd % 0.9 s

AN = ) Y
2) By R A ) 5K

TR 5 FH TR I IR AT S95 i #y , L = Ak
SERNAY WA 2, W AN K 20~100 wm , Ho A HE
P I 3

3) Bl A

Bl % 751 R FH 7K B 28 FN NaOHOR i B 1056 1k
FHTE 8 [ NaOH , H 52 0 R RURE, 5 o R 5
4 99% , FH SRR 25 B R A7 o K BRI W e T

Bk E 2N AR A R IE R L2 5.
R5 FHOERIAT

Table 5 Technical indicators of mineral filler

ok i35t Hfr AUEE S %7 5
43 (<0.075 mm) % 86 70~100
7 FIKREL 0.71 <1.00
g g em™ 2.722 >2.500
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Fig. 1 Preparation process of geopolymer paste
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Fig. 2 Gradation curve of cold recycled mixture
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Table 6 3-factor response surface design %
- IKF1%
TRR e LBR
YIRS i, 2.0 4.0 6.0
FUALDIT & i w, 2.0 4.0 6.0
I AT 30.0 40.0 50.0

1.2.4 Wi IR AR &

W R Y KA RAP T H3 B 98 FE AR
WFER90 s, BRI IR 5B B Z M4 & L e
I FLAL W 5 B FF 60 s, & B4 20 1 H SR 4 7L Ak Ui
HAHARGH. HIREMEZNEERGT
[ 205(22+5) °C ] B4R F ORI a5 52 75 WY 7 2 1l
AR E S BRI . A 101.6 mm, = BE
25 63.5 mm , A5 AR 7R = N A AR AR R A
3 dJEBEL
1.2.5  BF S4B H7om B R PR A g A8 4k
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XUTHT 25 75 YR i S22 A b 7 5 8RO 0, >R T
T3 Be IR 5 AL I e FEA Vi (A B TR 5 7 B
RA R I L) (JTG 3410—2025) 2 v 1 5 1R
AR 250 i EAT IR S 15 °C£0.5 °C,
I #833# 2 50 mm/min+5 mm/min.
1.2.6 iR e M RE DI I

e U e P B R FH L T AR AR W L RE X
I3 PRSI AN [R] & 8 B B 11 21 285 85 A4 106 5 i (i A
(545 R e AR 7 TR A BHA S R 48 (UTM R ERAY) o
K EFIEEE (EHAA N 100 mm 5N 150 mm )
(B A A ) ek i R o S AN ik e i 7 1Y 3k
FEIFAERRIE SRR T 2297 28 do 1BRIRE M 60 °C,
JNEZIE 34 0.3 MPa ) 1E 5% 8% 17 208 X, Bk 2%
JEHABERE R 1 5o
1.2.7  AREBT 2 RE DA

IR 2456 5 5 2Ty 5 5 S IR v A Rz
ATy s — B, R R A2 7 d RN 28 d AR TfE S #k
IR, T2 BTG 3410—2025 H i 75 1R & kLB
S856 AT AN R 9 2 T 00 T O
H-10 C+0.5 °C, N H P59 %4 1 mm/min.
1.2.8  JKASE PEREI 1L

KRS P BE I 3K R I 7 TR AR il B i
56, 3SR FH UL 45 50 W i 52 AR 4 2 4 A v )
ORI, A 47 B RS R ITG
3410—2025 P IR AR EE 24hT b s B L, T
J&Fh 25 °C, A Z K 50 mm/min, T 4351050
S 2 AR ) B AP s B S R AR IR M
Ko R EEF 2450 HT 58 FE L (tensile strength ratio, TSR) .

2 HZR

21 MR EZERE R
211 MR T

3 ok e B T O R AT IR A R I & T
XF 28 d [ BT 5 B R IR A R AR AT T
W B EE R R 7,
2.1.2 W TR 3 BT 2 R

1) [BIH 5 2250 #r .

iz A XA £ s i 47 Z2 oo mH LG, [l
FEA R0 BB R IR 25 SR Ky 25T W26 8.9,

MRS FT LA i, 25 FL R 2% 28 d BF R4 hr s
JE e e SR ar A nig A% 52 ) R K BN/ MR R : B LA LG,
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Table 7 3-factor response surface design

Ry 28 dBFZLL | 28 dREIRAL
sy | g e | 0
1 2 2 | 40 1.673 3151
2 6 2 40 2.777 2253
3 2 6 | 40 1.427 4656
4 6 40 1.599 4252
5 2 4 30 1.354 4157
6 6 4 | 30 2.082 3405
7 2 4 | 50 1.366 3650
8 6 4 | 50 1.647 3008
9 4 2 | 30 2.375 2852
10 | 4 6 | 30 1.579 4 604
1| 4 2 | 50 2.242 2709
12 | 4 6 50 1.352 3905
13 | 4 4 | 40 1.935 3251
14 | 4 4 | 40 1.943 3153
15 4 4 40 1.982 3104
16 | 4 4 | 40 1.801 3107
17 | 4 4 | 40 1.935 3306

RS EHARBERE SR

Table 8 Regression analysis results of splitting strength

B2
o A [ Hr e
e S5 R FAH P
(MPa)® JE | (MPa)? P
a
(R 2.460 9 0.270 | 51.67| <0.0001 | =
MiiB A 0.650 1 0.650 | 123.58 | <0.0001 | *=*

BB 1.210 1 1.210 |228.93| <0.0001 | =

HiZC 0.077 1 0.077 | 1451| 0.0066 | **
45 AB | 0.220 1 0.220 | 41.12| 0.0004 | **
FHHEAC | 0.050 1 | 0.050 9.46| 00179 | *
I BC | 0.002 1 | 0.002 042| 05384 | ns

B AA | 0.110 1 | 0110 | 21.05| 0.0025 | **

B BB | 0.053 1 | 0053 | 1005 00157 | *

WHCC | 0.088 1 | 0088 | 16.64| 0.0047 | *=*
k% 0.037 7 | 0.005

e ALLI 0.018 3 0.006 126 03992 | ns

afiiR 2 0.019 4 | 0.005

SN 2490 | 16
R?=0.985 2 ,Adj R*=0.966 1, Pre R*=0.8727
1R A B.CRHE R RN FmAEIE, AA BB .CC A H
(K28 17 7 T A AL AB L AC BC R W IR 3R 058 HAE Y
EMREAL, MR . 2.P<0.01 B ik 3 TR IR s P<0.05 2 ik 3
JH*FRIR s P>0.05 AR Fns R, Rl 3 F (H SRR 6 4548
0 I AL kAR SR, R ]
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Table 9 Regression analysis results of failure tensile strain

B2 e
s o] DR g | B
(MPa)? B | (MPa) i
Y 258.11 | 9 28.68 | 66.07|<0.0001 | **
HiB A 3324 | 1 3324 | 76.57|<0.0001 | **
HiBEB | 18855 | 1 188.55 | 434.38|<0.0001 | **
LixZ 10 1333 | 1 13.33 | 30.72| 0.0009 | **
F48AB | 256 | 1 2.56 589 0.0457| =
FEHBAC| 018 | 1 0.18 0.42| 05362 ns
[ 45 BC 315 | 1 3.15 725| 0.0310] *
WHB AA 731 1 731 | 16.83| 0.0046| =**
X35 BB 484 | 1 484 | 11.14| 0.0124| =
Wi ce 322 1 322 7.42| 0.0296| *
i 3.04 | 7 0.43
AT 172 3 0.57 1.73| 02979 ns
afii 132 4 0.33
Javill 261.15 | 16

R*=0.988 4, Adj R>=0.973 4, Pre R*=0.886 9
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Py om B i E R

E 3 () F(d) . (e) ()55 AC BCXT Y,
S M) P T I R4 v e A . R i i T A AR b D S
FREMMELARE ACIHZBAEH KT BC
() (A #RAS G AB 9B 2, . BC A28 AR FIXT Y, 11
LT A . EIEZ EAEHE LT B 5
I AR PR A ) ) B AR 430
5%~6% 2% ~3% .30%~35%
Y BRI /M Pa

w,/%

(a) AB[RIZR 5 i i 1 141 (b) AB [ 258 M0 45 o £k 14

(¢) AC R 25 m il i (d) AC R Z 545 s 2k &

(e) BC A 52 M g 141 (£) BC RS mi 45 2 2k
B3 = kFABEAF A28 dAF A A3 B #vw th & [ Fe
FHEA
Fig. 3 Surface and contour plots of influence of quadratic

terms on 28-day splitting strength

K4 (a) AT (b) L (e) AT(d) | Ce) FT(E) 4351 4
BC . AB . AC X} 28 d il R ir fift i A2 (R R Y,) 5% Wil (1)
il P RN AR R R I . S 3 B4 TR B, 2R R
BURAHE RS, Y, Bl 55 — PR 2 i AR fh ka3 22 Rl
T3k 24~ PR 28 22 () 7 A8 A B i 2 Xt 3R R
iy v BE i LA R ek B AR A T O, B ROk
F,BCHIZZ HAEHX Y, S K, AB IR Z ,
AC W ILF-BeA s, HoRy R LA I 7 S
B 8 A AR Y B A i i R 2%~3% . 5%~6%

A% P 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home



