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Abstract

Asphalt pavement recycling technology has achieved fruitful research results, but the low-temperature
performance of recycled asphalt mixture is still not ideal. This problem is even more prominent in cold
regions. Aiming at the performance characteristics and regeneration needs of aging asphalt in cold
areas, this paper uses recycled asphalt mixture (RAP) provided by Hulun Buir as the source of aging
asphalt and conducts targeted development of asphalt rejuvenating agent suitable for cold areas. First,
through the analysis of the components and performance of the aging asphalt, combined with the de-
velopment goals of the rejuvenating agent, four rejuvenating agent raw materials were selected; then
based on the 10°C ductility, the optimal formulation of the rejuvenating agent was determined as the
base oil through orthogonal experiments. A: Plasticizer B: Additive C: Petroleum resin D = 100:30:3:1.
On the basis of this research, the relationship between the aging time of asphalt and the ductility at
10°C was established, and the relationship between the ductility of the rejuvenated asphalt and the
content of plasticizer B in the rejuvenating agent was established. The research results show that the
developed asphalt rejuvenating agent in cold areas has a good regeneration effect on aging asphalt;
especially the low-temperature performance is significantly improved. The 10°C ductility of the reju-
venated asphalt is superior to that of the original matrix asphalt; according to the different aging de-
grees of asphalt and the target extension of rejuvenated asphalt, the content of plasticizer B in the re-
juvenated asphalt can be accurately controlled, and the formula of the rejuvenated asphalt can be de-
signed precisely to reduce the production cost on the basis of ensuring the performance of rejuvenated
asphalt.
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IR WA 7. PItt, X T s X, SN AL AR HE S E R A RMRR R . E bt
FAFIR TR T FE &R, WsEE T AE R ERA-C RAIFIAEFN], 52 i A il i ooms g B i
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SO, SR AL AR AR E A TR L, (R T R R RSO o, AFEE R IR, iR
To o, PUENIEREEZE TGN . T IR & IS P A 7R e ot P2 5 v PO RS i 2 o o o 81 2 it
ThEEATIRVE . B JLER, ATRLA RO R hEE . TIBIF[2]. A [3]5RE I A g A R R A i
AR . BARE NS A A BN IZ BT IT,  (EARORAF AL PR VR A RMIR IR 1k R 2 D 1)
Ry R R AR R AN AN eSS 2 U IR B h B AL 2« MRS A DA [ T A AR K
HIAEAL . LARPAR DUR AR M X, X BRI TR S R IR IR TR A T A EER . AL AR I
/RENE 111 RJEREE RS T B P TREONIKITIIH . 2T 10°CHEFER A 504 b X (I 7 2R 77,
FHXT A L K T AR WM REIEAT T s RIS 5 EEBIPRARR A, W7 T AR i B s R
R BV AL ——HE BRI F A FRE BE RO RE I, 2 HH AR AR 2 A R PSR 3l 25 TR A i A 50 AL P O 1 2
VAL B TT %, SSBURTIN . RI%6] 2 AT FAETT . X m g PERE . PR TRE SR,
HA HEFHIR T T SNSRI ME .

2. ZiHERIIRE

K - SALIE R AU I U - ZE T[4 PR AR DUR EIE 111 2R /REE 2w B RAP
H AL T AT SOOI, O T TR SRR = R 531 RAP Hh 2 AL 2 RS AL OFE i, 1E
AR T SK A-90 BRI AT 1A SN AL DL R e i S AR 22 A (BT AT FR RTFOT) =
77 AR, KL IE 360 min RTFOT M2 4k 5134 RAP B RSG5 M R fei, HARIG 45 R
W1, WE1ATE, % 360 min RTFOTSK A-90 4Lt 5 RAP ZALWITT T DA K B 45 bR
Em . RIES: 360 min RTFOT [ SK A-90 Z AL KB 18 RAP 2 I 5 HEAT A ST 50 AT
F55HT

Table 1. Performance indexes of aged asphalt and rejuvenated asphalt in RAP
= 1. ZUHE5S RAP FRIEWGHE M aEIEHR

HARSH SKA-90 JFii#T %% 360 min RTFOT #iFF  RAP EALITH
&F N (25°C)/(mm) 82.9 30 40
AL I(C) 51.0 66.5 59.0
FEFE(15°C, 5 cm/min)/(cm) >100 21 20
FEFE(10°C, 5 cm/min)/(cm) 70.0 4.0 3.9
HiJE (135°C)/(Pa-s) 0.340 1.080 1.094

3. BEFIEMBIRERF

MG R L 2 A DY .5 T 45 3, RIVEIIE ZAE T, WA FEARANEE FFH& 00D
BB W RIS N . BRI, TR B AR R A e 3 TR AN TR O A o RN RS B A DO A R AR, ARG SR
TSR] ISINFNAIR G o I B R R Z AT BB A SO BTk
3.1. Bk A

KRS il v e A SRt . RIS Fo-SERE, U RENIE T ESRIRE, FANEE
BEIRIIE R BALTIES] [61MI1ER . RIGHI MR T 3 Pikms s ik 1. 2. 3, Bl HIER, 45850
B2 2,
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Table 2. Performance of base oil

2. BAfimeotae

B A &(C) A IBERGENL00°C cSt)  EE/(glem?) IS EN(%)
1 215 B 14 1.01 74.5
2 205 rRARG 12 1.06 735
3 200 FRARES 16 1.12 60.5

S PR B SR E O R S, AR AR 5 RAE 10% /A, AR L
WKW RRITT Aoy, R SERL i (5 B0 €Y 10%. S1XTFE4 X, Ff 10°CREEE N A
W HHE IR AR[7],  SEAk X200 A AERCR WAL 3 s

Table 3. Performance comparison of rejuvenated asphalt with different base oils

3. NEEMMBEHFERELR

. AR
Fp=) BE "
=9 (%) (PN RALAT/(C) HEFE R
25°C/(0.1 mm) (10°C, 5 cm/min)/(cm)  (135°C)/(Pa-s)
0 27.2 66.5 4.0 1.080
1
10 52.2 55.0 9.9 0.485
0 27.2 66.5 4.0 1.080
2
10 46.2 53.0 8.5 0.576
0 27.2 66.5 4.0 1.080
3
10 48.1 54.0 8.2 0.683

MG 3 R A Y, = A EAG 2 AT DU FIREEE MR 2 2 A i B R RE, ARELERI S, 1 S AEath
AT IR NE . IERE . RGBE PR AEROR Sl o R A 1 5 ARt it Dy P2 00 AL e 20«

3.2. H4¥%5 B

HREFER M D RREYE, AR TR B0 BN RE PG AR RIR TR, B e RIR A e, A
i AR PR AR A NG B gy . WIP kR TG 1 B3R 2 [8] [9], (EEEANMIHE N 20% [10]
I8 SR FRISR I DR AE P, R A8 S R ) 7 A9 7 A P2 A iR e 45 R Lk 4.

Table 4. Comparison of the effects of plasticizers

= 4. HBIBFIROHIRRIEL

oo E5% N =0

£\ 25°C/(0.1 mm) BALRI(C) FEFE(10°C, 5 cm/min)/(cm)
B 1 69.48 57.0 41.0
Hh 27 2 57.82 58.0 10.5

WA LA 4 Pl DR, PR SRR s 1 AR R, e R 1 O ROR A T
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72, JUHSE10°CIERE, Kk EIE ] 1 1A AR B 7).
3.3. #xmF C

FERARN I, 5 BT R B IE v e DME P 5 IR 3 AT G . s C, AT BUREF
WA RIS, WA AL Z WA A, R AR RA R A& rERE[11].

3.4. ®EE D

AT T3 IS A it A 0 75 AN TS A T R R AL AR K I A R A v TR AR R DA R
AP R TE[12]. EWERMILERE R, BARDT Tk CO il g BA M A MBI L s, Heilkk
D7 A ek CO MR AE R A TR RE R E . DL MMEA RSB, 20T EAL, 2 7 NE CO WflE D, Kb
JiE PR AT BB RN, TR, T DASR e LT P . RS Sk ARRE MESETERE .

4. BEFIRILERSR
4.1, W R

FAFRIRIEC T el il A+ BG9E50 B + IR0 C + A D . Hhthih A N EEH S, R
Emfitbsl, s2h 100, ARAEVIH A S e R, IR AR pr G, KB EN B MB R e N
Tl i) 20%. 25%- 30%;: ¥WINFf C TR MR, skl AR RER K ShEtae, KiLs
HOE NI 1%, 2% 3%; AR D B EARE L, TS mEAYEREE, KB ET
JFERH Y 1% 3%, 5%. AFEmME T, #it 7 3 B&EB. C. D)3 /K (1. 2. 3)HIERIRE[10],
W7 5.

FEREAT B AR 40, B e SRt B R I B 120°C 245, BRI A IR G D, LA 2000 r/min i
BYYIHEE 10 min, SR S5 OR¥E PRI I 850 B AR NG C, 4kS2871) 10 min, JERURRE 1) F5 A RV
W WS HAERILLEAIIE RN 10%0 LB B2 mi s, WA S S tERefebs, obr
H o TERE R, MRS LK 5 R

Table 5. Various composition schemes and test results of rejuvenated asphalt

5 BMENS RERBERHEFTAELER

IER RGBT FHEDH RIS R

N FAEIH BI() TG CIO%) Eiﬁ;(@;?ﬁ ? 25"C€J/r(éi§ mm) $}//((%;5 ﬁfﬁrgllr?)lccms (135 %)%Pa-s)
1 1 (20) 2(2) 2(3) 78.22 58.10 43.25 0.385
2 1 (20) 1(1) 1(1) 78.63 60.45 57.40 0.380
3 1 (20) 3(3) 3(5) 78.23 53.55 55.50 0.389
4 2 (25) 2(2) 3(5) 82.37 55.65 50.75 0.376

2 (25) 3(3) 1(1) 84.27 56.65 70.00 0.365
6 2 (25) 1(1) 2(3) 83.13 60.35 58.70 0.381
7 3(30) 3(3) 2(3) 88.68 56.60 73.25 0.358
8 3(30) 2(2) 1(1) 87.58 52.90 100.15 0.361
9 3(30) 1(1) 3(5) 86.13 59.95 63.35 0.381
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4.2. IE3ZRIRLER T

FEIEZ BRI T, A8 KEMRAE, Kifr®E HERTH i ACHIRE L R, Ki bl
KRR — R N AR ISR R Bz, SRR Ki PR ME S RMEZ 2, RoREH
MR FEAR AN . RS R T AR KES R, W& 6 fis

Table 6. Visual analysis of orthogonal test results of rejuvenating agent

F 6. BEFIERABERER S

TiH giit S8 1451 B R C A D
K1 1155.50 1143.00 1106.50
K2 1123.00 1123.00 1125.50
P
K3 1100.50 1113.00 1147.00
R 55.00 30.00 40.50
K1 156.15 179.45 227.55
K2 179.45 194.15 175.20
IEE
K3 236.75 198.75 169.60
R 80.60 19.30 57.95
K1 172.10 180.75 170.00
K2 172.65 166.65 175.05
B
K3 169.45 166.80 169.15
R 3.20 14.10 5.90
K1 235.08 247.90 250.48
K2 249.77 248.17 250.03
WA 3
K3 262.40 251.18 246.73
R 27.32 3.28 3.75

X RAESHT, UM REEE . SEJE 5 5 N RISEMAFE L R BN — 30, 73 2 4 28571
ARG IR AL RS ARR BE MR BN 3 AR TN At . M), JF il Ki AT RLE
th, B AR S BN, R RE KB K, S AN N FEAE MRS, AR A RO SR N S 9
W& Y RF0 E RN, RS EERAE IR, GEFE AN NFEAEBWTIG R, A SRR s B TR N
SR, R SOZRETN,  SE R N LB R . @R EIR R 45 R kAT A, ik A
FIECTT, BB TV IR i, DUE A A B BEOGTE A, IR NEEROR . REEERUIN . AL s 5 )
HENRAAE, sEaHRAHIEA Sy B3C3DL, FEalyl A: B¥EF] B: WIIF C: A D =
100:30:3:1,

5. BEIMBERES
5.1. BAEFIAMEEE

B, WA InE BRI RS T B EAN AR S, SR NE 7, qT LA H BRI
A (CABRIE S AR ITE) (TGIT 5521-2019) [13] RA-5 BUIF A7 E R, [HN BA RIFHRPIE
PEf

2y

o
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Table 7. Test results of rejuvenating agent
= 7. BEFIRNER

. 60°C K5 i N , = - = THE BB AL B 6 W VL A 56 R
S Ml If’j ){_:—,: H YACSE=NT()) LN A~EL10, 7
BIRR gy PICO) HRRIRERION) S ERION) S a v ion) e R /(06)
Szl 628 231 19.2 75.9 1.8 -1.9
RA-5 176~900 >220 <30 S S <3 >4

5.2. BEIRERT4RE

5.2.1. BEIFBEOERMRE

XTIFAS DUR S 111 48 Je /R 5 22 18 v B [l Wi 7 LA 2 SKCA-90 360min RTFOT 46l k47 FA4E
NT oM ARG R, KT ZAHERER 10%8E4 7B B THERL, BAERERN=KER
I R LK 8.

Table 8. Regeneration effect of rejuvenating agent on different aged asphalt

F* 8. BEFINAEZLMEHBERR

fabw
LR ES : _
£ N (25°C)/(0.1 mm) WAL EI(C) ZEF£(10°C, 5 cm/min)/(cm)
JEOIR 47.0 59.2 39
RAP i #
HA 88.2 52.3 110
FEFR 82.9 50.9 70.0
SK A-90 R 27.2 66.8 4.0
A 81.7 52.8 105.0

W 8 RBLEHE AN Z LT AT RSO FEAEOR, AT B RS EIE) T 90 %, 1M ELEK AL A5
RUEREH LML T SK A-00 SERITTF ML AL, TR IEREE AL THMRITTF, UE) T FHA A T4
DRI F A= 7 45 B IR R«

5.2.2. BEIFBERZLERE

MHAEDFRGESHNEREGE R, FFFRESEEERE, i @sbs ERIHERZ
fho BT RIS A SK A-90 i HEAT T 163°C, 5 h 1) RTFOT 24bikE, HRHAMHEIEMERE, H
W ARSI & 2 R 10%, I g R LK 9.

Table 9. Aging test results of rejuvenated asphalt rotary film oven

# 9. BEMBEEEERMAEZ UG R

. 5% EH S
BN WEFE(L0C, ) " e
WikiskE  (25°C) Eﬁiﬁg Wl s5/(C)  Semimin) 5c(r1n(3n?ih) (135‘%;%3&5) HEEE LLI(%) ’ﬁ?(%@c
(0.1mm) /(cm) (em)
NiERE S /ih=1 88.7 52.8 105.0 0.350
62.2 38.2cm 1.36
RTFOT #{tj5 552 57.2 38.2 0.476 —06
b3 - >57 - - >8cm - - +0.8
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AR N, FAEWEENE, SERYTE (AT S THAMTE) (TG F-40-2004) [13]/)
TR, JRHRBAE ) 10°C I B T i M VG B R, AT T FAE R BB i A e RE, D
7 AR T FE A b X P N

6. ETEEHNBFERESEEFE

M AEF B B AR KRR, FARRA R EAMSER. FAERTIGER B & EXNLEEAE R
EER . ARRLE) LA E M R0 B I RA B s, JF HLE ARSI 7] B (8 & i 21 7 Bl 19
30%. Xf TIHLZWFEER R IIWIT, HRAX—FEE MR, FAEERPH ek T
K, SWIMABBERI A . NFEFIRA, AU B &R ANERE, BETIEARMZHREQTC
LEFE)RIEE AR 7715 B RTFOT 2R SEbr B 1 B SR 2 A0 35 BT o0 R [11]
[12], [FIREDITS B AR 050 RS . A RIFRIXR RO R . AL SK A-90 Wit Nfil, 7ESCEs
A TR S EEROCR, WL, HFUEHREOCRN, WX 1. MR RETLLE HIE R
AEIRFINE . 456 CHR[11] [12]48 T LAR] R4S 2 8% [ Sk bRl AR R 5 E R &R, WAE 10 Fios.

EE (cm)

100 200 300
RTFOTZALRHE (h)

Figure 1. The relationship between ductility of
aged asphalt and RTFOT aging time
Bl 1. EES RTFOT ELEHKRER

D =310.411t°™*, R? = 0.9977 (1)
(O D NIIELLE, t NENRK, RAMEHIE

Table 10. The relationship between the 10°C Ductility of SK A-90 and the pavement service time
= 10. SK A-90 Y 10°CIEE 5 £ AT ER X &

SEES T A3 P (1) Jiti T2 Ak 2~3 4 4~5 4F 6 4
RTFOT H/(min) 90 180 270 360
FEFZ(10°C, 5 cm/min)/(cm) 12.0 7.0 5.3 4.0

RIGHF T T T AFZUN K T2, 76 R SUSFA R B B & & 10 F A 00 i 28 FE %
FIE0, A FEZARK T A EEE SN B SEMKR, MRGRNE 11 5K 2.

B 2 ATLVEH, AFEZAKT, AT EESHEN B &&A &R KER. ik, &
SO AT T REIA . RIEEGRE Y = v, + AeU O A BER AT, RFEZ K R RS E S
, W 12 FR.
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Table 11. The relationship between the ductility of SKA-90 rejuvenated asphalt and the content of plasticizer b under dif-
ferent aging time
11 FEIZURKT SKA-90 BERSLEE SIEEF B EEMXAR

YA B & 2/(%) 20 21 22 23 24 25 26 27 28 29 30

RTFOT 360 min 60 61 62 63 65 70 76 83 91 100 110

RTFOT 270 min 72 72 72.8 74 76.3 80 87 95.8 102 116 132
SiEFE(cm)

RTFOT 180 min 80 82 84.9 88.9 95 102 1126 128 132 140 150

RTFOT 90 min 102 103 104 108 118 130 146 150

—— 90min
180 — 180min
—— 270min

20 21 22 23 24 25 26 27 28 29 30
BREE (%)
Figure 2. The relationship between the ductility of re-
juvenated asphalt at 10°C and the content of plasticizer
b under different aging time
2. REIZURKTEEIRE 10°CILEE S51E2E5 B
BEMXEFR

Table 12. Fitting function parameters for different aging durations
= 12. FEZUFKIINE RS

T ey

L v o A t i
360 min \ 85.9158 15.5968 4.5266 4.2086 0.9370
270 min 36.0666 23.8934 20.4584 9.5257 0.9780
180 min 67.3447 17.5582 1.4587 3.2743 0.9947
90 min 52.9184 17.7525 3.34496 4.2829 0.9919

H BRI R, RAESE M EAIE SEE R R R L, FIW I Z R B AL R, FREE S A
FES RG] B S EMSC R, WIWTEE [ A€ PRI TS F AR AE FE R B A FAE 7R 2850 B & . IXAEANMY
A DUER O P A AN R RE 2 2 AR 75 O AR TR R, T ELRE A8 I PR AE U I A7

7. &t

1 I IEASAEG AT, FE T 10°CIRE FEMT I 1 F€ ¥4 M X B AL 7R 1 e R IC 77 Rl A 39987 B
IR C: A/l D = 100:30:3:1. AR E RAS BFHAFIMHASE, W H X 2HhHE AR
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U BE .
2. SRV 0 AR AR AR R R I R A PERE, JLHRBS 10°CIE R, FEANT 5
o PRI T AR YT A M REAMIIR TR, SEEE D U] T AR DG S X R I R 1
3. RIEZACIIT SESLE MLk, GG SN B S EMK R, RITRLRGE B B
FIous R (3G 4850 B 15, A 10°CRERE 53945 B & R4 ER AU SR, AR OC R EE
0.93 L k.

E&WE

B K 5 AR} 43 42(52078048); &b 542 FIMRIIE AR « Wik - AKAS EAEFALEE K Piid e R
fETH. BiHSS: PRBMEEARARPAIE ZLBF-2018-12.
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