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Abstract: This study focused on designing and regulating the properties of asphalt rejuvenators by separating components and
performing multi-component composite modification of waste cooking oil, aiming to address challenges such as the instability of
waste cooking oil sources and quality. The waste cooking oil was first filtered and distilled using equivalent molecular weight
classification technology to obtain three different components with different equivalent molecular weights. Plasticizers, viscosity-
increasing resins, and anti-aging agents were then added to prepare a waste cooking oil component-based asphalt regeneration agent.
An orthogonal experiment was used to determine the optimal material ratio for the regeneration agent at different viscosity levels. A
comprehensive analysis of the thermal stability and microstructural performance of the rejuvenator, as well as the rheological
properties of the rejuvenated asphalt, reveals that the equivalent molecular weight grade was the primary factor influencing the
activation energy of the rejuvenator. The thermal stability of the rejuvenator increased with the increase in equivalent molecular
weight. The infrared characteristic peak positions of the rejuvenators were consistent, there were differences in peak intensities. The

aromatic fraction characteristic peak areas of the light and medium fraction rejuvenators were twice as large as those of the heavy
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fraction rejuvenators. Under the optimal mass fraction, the complex modulus of reclaimed asphalt was greater than that of base
asphalt, while the phase angle was smaller than that of base asphalt, which indicated that the rheological properties of reclaimed
asphalt were superior to those of base asphalt. The low-temperature continuous grading temperature of the rejuvenated asphalt was

lower than that of the base asphalt, and the low-temperature fractionation temperature increased with the equivalent molecular weight

of the components of waste cooking oil.
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Table 1 Basic performance indicators of AH-70 asphalt
before and after aging

WiF 25 CEHAE/ Bibs/ 10 CHEEE/ 135 T3hh

% (0.1 mm) T cm ZhBEE/ (Pa-s)
I 61.4 48.4 37 0.460
2 21.9 62.5 7 1.225
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: 60~ 80 =46 =20 =0.16
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Table 2 Performance indicators of different components in waste cooking oil

WM 60CIEARE, WA/ WA JFFM TFOT LIS TROT EfLiis 15 THIE/
W cSt i BN/ % TR % FHEE L A b/ g (grem™)
BRI 5y 49.5 197 4.20 85.60 2.10 -2.55 0.892
R4y 56.2 223 6.00 89.70 1.67 -1.32 0.935
IRy 167.0 239 3.33 20.05 1.13 -0.12 0.988
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Table 3 Orthogonal experimental design of regeneration
agent (excluding anti-aging agent)

5 W TR % B IR TR B %
1 10(Al) 1(B1)
2 10(Al) 5(B2)
3 10(Al) 9(B3)
4 20( A2) 1(B1)
5 20( A2) 5(B2)
6 20( A2) 9(B3)
7 30( A3) 1(B1)
8 30( A3) 5(B2)
9 30( A3) 9(B3)
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Table 4 Orthogonal experiment results of light components
(‘excluding anti-aging agents)

25 CEAJE/

Fe 10 THELE/cm ks C
(0.1 mm)
1 67.0 161.0 50.7
2 54.3 100.0 53.6
3 52.1 71.5 56.7
4 63.7 170.0 51.2
5 56.4 87.0 53.2
6 59.6 74.0 51.7
7 61.5 149.0 51.6
8 84.3 68.5 48.9
9 63.2 85.0 52.6

5 R FEEA (A EHUEAN) AR A R b
Table 5 Analysis of orthogonal experimental results of light
component-based regenerated agents
(‘excluding anti-aging agents)

it 25 CEAFE/(0.1 mm) 10 CTHEE/em  Hfbibi/C
24 A B A B A B
K" 1734 1929 3385 4860 161.0 1535
K" 1797 1950  331.0 255.5 156.1 155.7
K" 209.0 1749 3025 230.5 153.1 161.0
R® 35.6 20.1 360 2555 79 15

YK, KR —HE = KFEZHM,; *R=max (K, ,K,,
K;)-min(K,,K,,K;) .
K6 R A IE S AR TR
Table 6 Summary of analysis of orthogonal experimental
results of light component-based regenerated agents
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Table 7 Orthogonal experiment results of medium components
(excluding anti-aging agents)

o 25 THAJE/ 10 CHERE/  #fbsS/
ha=2
(0.1 mm) cm T
1 86.9 328 48.5
2 71.6 101 45.4
3 58.6 116 54.3
4 76.3 227 50.0
5 83.9 390 48.2
6 74.8 197 50.2
7 85.2 355 47.4
8 61.5 132 52.4
9 55.4 114 52.9

* 8 HFUL (ANEHUER) IEACI SR
Table 8 Orthogonal experiment results of heavy components
(excluding anti-aging agents)

F5 25 CEFABE/(0.1 mm) 10 TIEEE/cm #fk/C

1 35.7 10 59.4
2 32.7 16 59.9
3 37.2 51 57.2
4 37.4 14 57.8
5 38.5 24 56.5
6 39.0 54 56.3
7 41.4 82 56.8
8 39.4 59 58.0
9 36.9 53 60.0
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IEAC IR S5 5 v A, 3 B[R] 21 40 P48 390 1 de A
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Table 9 The mass fraction of the modifier in waste cooking oil

A7 %

By B HEREE BLES JeRER
B S 10 9 0.4 1.2
ERIoE RS 20 1 0.8 1.2
EYpiEZiR 30 1 0.4 0.4

FHAE TR B9 P8 BE 52 ] 46 7 1A L T S S 53
WO T AR SR I o> T oA RO B, B 2R
RO IR AT DR AL BE 4 IR A THRAS BRI 1L
B AR 7071 B R B 4L 0 iz 135 °C,
Z—IARGIEF] S FER AR, BEFE 10 min, FHKIN
AR FDCERE ], Ak S HE 10 min, Fe 46 %
P2 3 PRI BC FE R AR
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Table 10 Viscosity of different rejuvenators
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cSt

68.6 65.5 150.0 171.0
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Fig.1 TG and DTG curves of rejuvenators during thermal decomposition
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Table 11 Results of regenerated agent activation energy calculation

FRAEFIRIS [19E BV iy R’ AL BE/ (kT -mol ™)
F—prE y=-4.392 2x-2.813 8 0.930 4 36.52
BRASN N 2 y=-1.379 9x-9.563 0.934 8 11.47
B4 53 y=-1.782 8x+0.846 2 0.982 5 59.70
H—prE y=-8.052 4x+0.607 8 0.989 3 66.90
R BB y=-4.201 8x-6.738 4 0.982 9 34.99
FE=FrE y=-4.201 8x-6.738 4 0.982 9 39.40
H—prE y=-2.918 0x-9.176 4 0.996 4 24.30
T A 7 Bk y=-4.340 4x-6.177 2 0.974 3 36.10
9 =HrB y=-3.819 9x-7.032 7 0.997 8 31.80
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Fig.3 Infrared spectra of rejuvenators
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Table 12 Characteristic absorption peaks in the infrared spectrum of the regenerating agent
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Table 13 Linear regression results of needle penetration of
recycled asphalt with different regenerating agents
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PR B4 y=1821x+6.332  0.931 3.0
WEIRADFHAT] y=521.7x+20.45  0.985 7.9
T FH AR 5 y=528.8x+21.97  0.994 7.5
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Fig.5 Effects of rejuvenators on the complex
modulus of aged asphalt
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Fig.6  Effects of rejuvenators on the phase angle
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Fig.7 Effects of rejuvenators on the creep stiffness modulus
of aged asphalt
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Tablel4 Low-temperature continuous grading temperature of
rejuvenated asphalt
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