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Abstract

In this paper, a kind of asphalt rejuvenator RA with good regeneration and aging resistance was
studied, and RB and RC were selected for comparison. The amount of antiaging agent and plasti-
cizer was determined by experimental design and analysis. According to the three indexes of re-
cycled asphalt and viscosity test, the optimum content of recycled asphalt is 6%. Through dynamic
shear rheological test analysis, the results show that three different kinds of regeneration agents
can restore the rheological property of aging asphalt, the complex modulus G* of recycled asphalt
A1 and phase Angle 4 can be close to the level of 70# virgin asphalt. It is found that regenerated
asphalt A1 can obtain higher creep recovery rate through repeated creep test analysis of mul-
ti-stage stress. The results of low temperature bending creep test show that the self-developed
rejuvenator RA can restore the low temperature cracking resistance of aged asphalt. Through the
analysis of quality loss, residual penetration ratio and softening point increment of regenerated
asphalt, regenerated asphalt A1 has better aging resistance.
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1. 5|8

DT T FR 4 SR T G T AR PR O A 1], IRIEE XK 2018 FR @i T E g A
R, REGEEA 470 7 AR EEA KT EIRP S, 24 5HREEA RS BN 97%. i B
Pk R AR P A R IH I T VR A RS A B2 1.8 A2, 1T FLIR MUK LA AR 15% 3R FE 3 K[ 2]
[3]o RELIAWIT B HBEADRHHEAE , A2 i KR i 723 (] 205, 75 258 o KRB AN 1 71[4].
XPEEAT R, AT DI . SRS AT FAE SRS, FRIRERE TRERA, 38 n] DA
REdR I FEAE B R AH, BA W B MA S M 2255, R IBE R AR RS, #
AR AR ASE FETRT R TH 30 5 VR R A R R s e N 3 T AR R FH B DGR YT . XS R A, R B
TN — 52 S RS AR B, 2 i MR AARSS 2 S, R 2 A0 5 75 oRG FE AN
WA ERE6].

AT, FARNEELRERE ST ESNEFEMm. . RIENNS IR, A SceE fA
AL M RE RN N R — 2 ) & T T . A Z SR AR ol . SRR . Fah &
AR i SR £ — PR R P AR R, I8 20 A T i K I T TR A 0 B A R ) 4 A B
HIRA R SRR RS . KA EMEREIAT T 8T [7]. B CAE A AT, At 73RS
554 Wi AR D R A R AR M I S R . YONAE I T A T B 1 R R A R A
— PP T (AR TR [8] o IR LA B A M A 48 0 A 0 A 255 3 0 e S R SR R % 19808 B AR 71,
T I U AR W A A T R SR VR RE VAT T ARSI B B AR RR[9]. £ b, H RO T AR SR R B
il 22 LA P A0 75 % FH R e 9 R B PP AN Fabs, (H2, TEE BRI AR b 2 SRR AR DL 2R i s
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SEEAEDNE RS ZACE R T EEHE R G R, SR LN B A AEREASZ[10] [117. Bk,
S AR T AL AR RE R WA R TH 0 75 10 P A 70 A B T 1

AR S & 57 I 57 e A Ak 70 4 7E 2 AL Th kR 72N AL b, IS 285
o HAEPERE o EUEIEAN P GTZ AL CASE e F AR 5 P = B BE 7T, &t — P AR RCR
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2. REME SRt
2.1. RIEHR

2.1.1. FIEH

Ji R AR DT T e — PR R IAR, RIS TS ARG A G, e A T
BT AR JFOR 2 —, AT DL BRR e i ol i s A R AT B 5 R AR A R AR
PEL T R AR R SR ST AR R 2 A TR R R AR AR Gy, A MR E R . T D
AT, BIRITE K FEERESEEREE[12]. CRIERAK I M X 2l RFEEL TE
FRAR A=, BAASHIE 1 s,

2.1.2. ¥

BE YRR — FPAERR IR % ok B2 B B i AR B R LN AR A S AR AR
EAT CLRERE I PO A A BT S RGP, 1R R AR AOSE R IR RE . ARIEII T A S R, i
T2 BRI R PR T AR AR . AR TR, RS SRR R, — T AT LA
TR T EWI 7> FARGF B AT, R b s ik 1 R Bk B Rl )ia s, BTEREsE. 5
—J5 T, ST AR G SR AW K TR, HEIE R T A BRI, I T
> FHRERIEIAE S J10 ASSCRT R3S 2850 BAA S 50 4 2 s

2.1.3. JLEH

B E T ERKABUNOCEE, R SOCRIERTY, BB A B SN [ 5T
TR . AR T A 78 2 A0 T T sk R AR B 73 o BT LEAE A AR v B AR 570 b e ST A 0
S R E R, IR EE R SRR VR A, R E SR AR RA I R i 1L hE
1o RSCAEFTHEAR AR P ALE 1 — M EREEREETIBN Z, JrB AT A RS LS
HICAGRIRS Y, D BAEIE P IS EA R 1 88 A RN K 7>« A WL 77 S At 7T BLBE R 40
TR LIRSS S YL A REBE A RNAE LR . TR I S
HIRA R AN STEIERE.

Table 1. Basic performance index of aromatic oil

F 1. FRMEKIEREIEIR

WD H b= wipes EEAES XA
S H BA A N/A
BEKEE GB/T 265-ASTM D445 20 100°Cmm?%/s
AP GB/T 3536-2008 226 °C
KAy GB/T 11133 x %
wRE GB/T 1884-2000 1.015 g/em’
Y Yix GB/T 508 0.01 %
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Table 2. Basic performance index of plasticizer

2. BIBFIE AL REIEAT

WD H W7 % WG =X
S8 H To iR A N/A
K R ASTM D1064-05 0.04% %
A A GB/T 1671-2008 210 C
iz GB/T 1668-2008 0.054 mgKOH/g
EE GB/T 13531 257C) 1.045 g/em’
R N/A 340 C
(= N/A -35 C

2.14. iHE

AR SRS R F I T O B A AR IR A R R EE RS & 70T, FRAR IR BT AL
Wi RIEIE A TR MRS PRI ALY (TG D50-201 1)1 B A G568 (TFOT)#il 15 .
PRI AR VERE R AR 32 3 FoR, ZAITEVEREE R R, S Z WK, SCh 2 ikis
PRI A T 1 A 2 A 7 AT AR .

Table 3. Basic performance index of matrix asphalt

= 3. BEURBEAMEREIER

WHE R FE T TFOT
£ N (25°C)/0.1mm 68.3 49.4
FEFE(10°C)/em 40.1 10.4
FEE(15°C)/em KF 150 64.8
Ak g/ C 48.2 53.9
135°CHifE/Pa-s 0.450 0.630
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71 RB A A 751 RC NS FH A 9 b F A2 791,V At BB RA T8 P A 7900 ) T AR MR B R A i REEAT V-4
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Figure 1. Experiment design
B 1. IRt
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3. BEFINM A SHRES T
3.1. HEEBFIBENTHE

PLFS I N T ORAA, 5 386 3B 02 B 55 il R B B0 6% 8% 10%- 12%VUANS BN N T5 18 i 1) 4%
PURR A A B FEAE 7 o LLFS Kt A o N 38 58 50 1 55 e R B AE 3% 10% 03 B 6115 A EAE T RAO.
RA6. RA8. RA10. RA12, XF TR PRI 2R AP REFRARadbAT IR, 2B 38 B8 A0k Ak I 5 (I 5
RAEE 4 hBHE M, JMBFIBEN 10%0 AW ER 10CELRER 17 HFRIE AR, LA
IPERETR AR B REMR E R L, #5E 10%AE NI 3 F) e 5 5 .

Table 4. Performance indexes of recycled asphalt with different plasticizer dosage

% 4. FEMIBFIE B R AL HE b T

A& =g FER T LA RAO RA6 RAS RA10 RAI2
EFNE(Q25°C, 0.1 mm) 68.3 28.5 524 59.6 63.3 69.3 74.1
AL (C) 482 58.5 52.1 50.9 495 483 47.6
10°C#EZ(10°C, cm) 40.1 0 2.8 9.1 20.1 40.9 66.3
I5CHERE(15°C, cm) KT 150 73 92.1 KT 150 KT 150 KT 150 KT 150
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Figure 2. The optimum dosage of anti-aging agent was determined
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£ 90°CE| 110CTHAFTEMFMCEBTY) 15 min BRI SIHAL, #1713 RA W20 H HAER. 2] (o
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Table 5. Basic performance index of RA-type Rejuvenator

= 5. RA BB BAEFIE A MR

WA H W7k T AR Tk L&D

S H / R N/A

60°C R JTG E20-2011 T0619 SE 123 Pa-S
DRSS JTG E20-2011 T0611 >220 240 C

W GB/T 1884-2000 S 1.01 g/em’
T HEL A G AT S R B EL JTG E20-2011 T0619 <3 2.5 %
ARSI AT fS TR b JTG E20-2011 T0610 <3, >3 0.7 %

3 5 ATRAE L HARIR S IERESR AR L (A BRI BRI AR BORIE) ZRHAA T &
FHE R OREAR, ATRLA R, RmEERCR . R, A RRIE TR A2 e k. Ak
RERLLF, ReWo P i AL B T A 2 AL 1k e

3.4. BEFIREBENHE

W AR SR & 1T RA BB AEFHZ BT 4% 6% 8% R A HBUM NG &2 I b, HiH
PSR 7800 HR AR LUR A = A AR BEAT AR TERE 0T, 48 e W AR D AL T R
WEE BAFINRESE. =FEENHRE RIS S R 6 s,

Table 6. Performance indexes of recycled asphalt with different dosage of regenerator

6. TRIBEFIZE THBERFMLREER

SR
WAFE bR 2 35it)ine) ZIE

4% 6% 8%

FNJE@Q5C, 0.1 mm) 68.3 49.4 62.7 69.1 72.6

BALS(C) 48.2 53.9 49.5 483 473

10°C %iE /& (cm) 40.1 10.4 35.8 447 52.6
15°CZE ¥ (cm) KF 150 64.8 KT 150 KT 150 KT 150

135°CHi i (Pa-S) 450 630 520 445 355

70°C ZERF T (KPa) 0.8789 1.623 1.1268 0.7617 0.5824
—~12°C#)E i E (MPa) 51.3 79 65.3 50.6 438

Hie 6 TG, BEE BAERNBER S EAMERIIEREZ AR TGk, HENS R AL
FEAWT IR, AL ROZHT R, AR EIR R e L UG, BRI T I %% DR bR RE VR 28
WA RKT . BABAGNE, ZHPHTFT10CEES 7 RENRA. BHREEERNSERNRERRS, HBERT
A 2t AN KT A v s 0 BE AL AN IRk /), 35 A 0 7 ORI AR T RE kB . 4 RS 80N 6%,
PR S DEREIE AL R 1 T0#5E 500 75 (/KT DI e 2 AL 1 B BN 6%
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Figure 3. Effect of regeneration agent on complex modulus of aged asphalt
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Figure 4. Effect of regeneration agent on phase Angle of aged asphalt
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AL 75 i e R 2R by, JLRI | KPa RUJHPURAESI58 . WK 5 P, I M0 7 i,
S RA R FEMAZFARFE R FEAENG, =MEAENERERME TEERMAR, 52005 M
PLEIA PR, R AEFRIIINAE —ERERE LR R T E B ITERE . SR H ML, =F
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Figure 5. Effect of regeneration agent on rutting factor of aging asphalt
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Figure 6. Effect of regeneration agent on unrecoverable creep flexibility of aged asphalt
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Figure 7. Effect of regeneration agent on creep recovery rate of aged asphalt
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4.3. (KR ZHIERIEMRE

FE-12°CHI-18 CHEAT MR 2 M AR a0 a5, PP PR AR 24 I B IR M RE R s, BER T
AT B = AR WS A R m (A BRI AR i & €] 8. 18] 9 FR. EhEERIERUN, miE
BRI AR B A BRI RE . WE] 8 Fon, BN SR E R R, IRIRERRRZE, S KBTS
2. BEEFARIIN, WS R R SR T RS ACPE A =R ARG, 2HIE R
18 CARIRENE R BIBRIK T 37.6% 34.1%F1 27.8%. m { EHM RIS, BEEHERKMAN, &
T m EDHIRE T T 15.9% 11.2%F1 9.1%. XF A FEAFIRESR =h 5 R, FHREIRERIT K
IR B -

2 [H ff) SHRP 3G b 2 /2 1 B L E B /2 /N T 300 MPa, m ERIFUEE 2 KT 03. &8 h, FiER
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TE AR A B A B0 TR, BRBA I 7 ORI I M R A o =R AR T 2D LR IR R k R BNy
Bl Al. Bl Cl. FEEBEEREC, W50 m EZHIRE, HIGFE 0.3 i, BEERPRE/N, B
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Figure 8. Effect of rejuvenator on stiffness modulus of aged asphalt
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Figure 9. Effect of rejuvenator on m of aged asphalt
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4.4. EERE

AR R MR RIS & TR IR 7 PR BRI LAE H, A EAERE A IX
AL PN EAE LB B AR A R R IR, (H =R RS AR AN e A Al
AL B AR T AR U7 B1 AT CL, SH T A AE 2SS 2 AENTT KA, Al KPiErtae
R T B1 AN CL, WEMEGH] T A B H B A DTS ERERR . K2 TR ARERR B PT LIRS 2 I
AR PR R, S 7 RBERN S BAE RFETE14]. RV RA B BAEFS A K2R
R ER R PR B A I R P E AL RE

Table 7. Three kinds of recycled asphalt aging resistance indexes

*® 7. ZHBELEIREIEER

AR bR AP Al AT Bl FAEWT Cl
25°CEF (0.1 mm) 62.4 62.8 63.1
BALAE(C) 49.6 493 49.1

15°C %E % (cm) KT 150 KT 150 KT 150
TFOF J&
Jo B R (%) 0.51 0.53 0.53
TR BT N EE (%) 76.60 71.34 66.40
B SIE(C) 32 5.1 5.5

15°C ZE & (cm) 40.2 26.7 21.4

5. &ig

1) ST, BE RN KRt . BT RA ST N AT IR AR R, 1
ERFAB 9 5 et i B 5 R 23 ) 10%, LB AR I5 R B 20 B0 2% . &AL 75 TR REVR S B 2 5
FHACEIS, B2 K AERRESEN 6%,

2) XEAHRAMERESLRA R TR, BANEE DB, SRR, RERTERE. 57 TERE
BIgei e B I Re 2ok, KB RA FAEF BA RIFI PR
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3) FHEF KA E S PRI S R EoR, F AR AT sl I6 A5 R R EE N 2.5%, PERALAR 150

HIJE BN 0.7%; MR Z ARG UG, BAENTRESILN 0.51%, BN 76.6%,
BAL RSB 3.2%, M HAMPIR AT, PrEtEReyRi.
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