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Abstract: The application of waste tires in asphalt pavements can not only effectively reduce resource
consumption but also significantly reduce environmental pollution. Crumb rubber could be obtained by
processing waste tires and used as a modifier by mixing with asphalt through the wet process to improve the
performance of asphalt. This paper reviewed the research progress of rubber-modified asphalt by wet process
and discussed its preparation process, influencing factors of performance, and modification mechanism. By
reviewing the relevant studies, the critical conditions in the preparation process and their effects on storage
stability were summarized. Furthermore, the effects of rubber dosage, particle size, matrix asphalt type, and
preparation parameters on the physical and rheological properties of asphalt were analyzed. The interaction
mechanism between rubber and asphalt was revealed by spectroscopic analysis and microscopic morphology
analysis. In addition, the synergistic enhancement effect of rubber compounded with other modifiers on asphalt
properties was explored, which provided a useful reference for the further optimization and application of
rubber-modified asphalt by wet process. Finally, the paper proposed future development trends and key
research directions of rubber-modified asphalt by wet process in terms of preparation process, performance

evaluation, and modification mechanism.
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Figure1 Global waste tire production and recycling volumes
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Figure 2 China’s waste tire production and

recycling volumes
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Figure 3 Proportion of various waste tire disposal

methods in China'®
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Figure 4 Preparation parameters of rubber—modified asphalt by wet process in different literature
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Table 1 Influencing factors of asphalt storage stability
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Figure 11 FM diagram of rubber-modified asphalt "

(c) 0.18 mm (d) 0.15 mm
E12 BEXEHISEHNFME .S EHEE™
Figure 12 FM diagram of rubber-modified asphalt:

average particle size®”

RNk, EARE R AU I RIS
TRk AR v 5 2 43 0 e D AR A RS Y 1
IN4s TR LT E AR B O 1 £ 2R ) 25 B i 4%
Jo 20 3 I8 40 s A 1 T R, DT ARG
4.2.2 AR 7 BB AR

7 W 6B 3 R (Scanning Electron Micros-
copy, SEM) £ 5 A1 A5 B e o 0 75 o M AL o, 38 5
LW 7 OW 25 48, 48 s AR B 55 0 9 0 A LA O
UL B A58 AH 4 B B4, O TR N 3L A ol o L 3 4 fiE
TH I HE.

B IV A3 1 SEM X AR R it TR 51
FEAE AT T 4007, R R BB B ANV T E B
R HFTeEE, —HRAMESEE, BRI
(9 0 25 1, DT A DA T AR S e W T 0 Sl X A AR R
AR 1 % AE SR SEM RIS 4 M kB, R IR
UKL B8 % W SO 5 b 09 52 020 4 OF R ARV K L TE T
TR FR PR B A 0 B N4 X 0 UE T AR R ek
PE W 7 S — B AR 39 A AR 3R RAH B % Bz 04 A i 2L
£ TR

Yin SEOVFTH SEM W £ 31 G0 T ko AR el
IRERIZ AN ETE S A B & Sk § L€
Wi A AN 22 L H RO X k)2 [E] 13(a) (b)) ],
e WSO R AR AR IS AE 55 0 7 TR A B R BT A AR
0 235 480 5 1t B0 i B0 O A e B e 10 7 P R D
FE G [E 13(c)  (d) ], F W B A ik B2 P AR I & 2B
TR A RN, R T RS e M IR Wang



40 ¥ 4k

A S 2024 5

SFOM RN R, IERERR £ R (TEOS) Tl s 4 A W]
0 BRI B, B AR HE 3R AR B /N R TR
SCT BRI RN Y S LB 13 Ce) () |, BN 1
PR B 0038 1 5 2R T A A

) - *\\‘\
'Y
S4800 5.0 kV. 123mm 250kSE(M

(e) BRI BEDH

.,4 \
S4800 50 kV 124 mm><250k SE(M

(f) IEREFR Y 2.5 (TEOS)
I i W

13 BB B § SEM F P

Figure 13 SEM diagram of rubber-modified asphal

SEM i 9 HH T I FEAR B 48 Bk 55 5 07 I 1) 45 1) 75
Z RO AR S ORLAE W 75 23 A 5 R JE Y R2 I o Yang
SEUOURIH SEM EME (B 14) 43 41 T R [l AR i 45 1k b
KPR BRI R BB AR K AB B R, W95 R T Y
PR RIURE 73 A1 5 Ry B 250, ELBURE RS A i 4
Ko MEFFER RIS RO IR S AR Bk
FEORL 20%6~3026 , TR 1 1 i 286 B2 1) 2F [ 25 4
F 5 Zha S 2 WIS AN [R) SN IR ] A AR i
H SEM [ (1 15) WLEEF , B S L I 9] 3 4, A5
PR T 2 100 A9 B R 0% W 98 /0, B % 180 min B A
ARSI EE T I IR 58 T K T B i A /N
Ri L 58 4 Ak 7E I 75 P 5 Thives % IR 58 R L
i3 90 min S i (] B AT S B AR R WOk 1Y 58 4

os101-1021

a) B 25%(5001%)

(¢) 1% 35%(6401%)

14 FEGKBEEH RS SEM E"
Figure 14 SEM diagram of modified asphalt with

different rubber dosages"""

(a) JZ A [a] 20 min (b) JZ B[ E] 70 min

\ =
(¢) SZhL

15 [ = 5z B I8 i B 20 1 i &5 B9 SEM & &
Figure 15 SEM diagram of rubber-modified asphalt

¥

[} 6] 180 min

with different reaction time™

SR, R 22 F R BB F Zha SRR s
THRIM(AO),
423 JEFI1 WA

JRF 7 8 U8 B R (Atomic Force Microscopy,
AFM) BE 5 15 94 K R E IR AWF AR 6 BUkL 5 0 5
2Z B B A LA R M A 2 % TR S0 Y SC B A0 Y .
W A 324 AR i T e g e T AL Y 2R AL, A Ak
VAT AR AP 5 7 0 kP AR



% 64

BAL F R ERR AR FA AR 41

Badri 25758 1 40 AFM EIG & 80, 3L R/ 5
POBE Ve U b A7 AR R 7 45 7 (bee-like struc-
tures) . 2 Al (peri-phase ) fl i 2% 4 (para-phase ) 3 Ff
A o AT LB T AR S I 7 R T 2
MR Z RPN, X AT S R m R A
K5 Yang 55 iE— 0 W SE AR < dafR 4 4 AE 3 5T
FHEMILTECRELE 16(a) |, AR K G, i
HRMPER B &AL, HR TS IE R B Y
AL 16(b) ((c) o X2 i TR WY T I b
1) 28 J5T 2H 3 R0 0 L 02D 1B R MR 4 A Y
o, R IAR R 43 B 0 2 A0 4 HEBHL AR T B
AN AR RIS A B R AR S B0 B S A
Bl T 4 v 2 WPE BB L X 59 E T AR R P U i A
SR, WA, AFM KR s BRI P I i Y B
P B 1% A AR o 9 B T R IR AR B AE T
T e K S BE R AR

(b) BB Wi 75

(a) JE T 75 (c) B A e

WP
B 16 AFME™!
Figure 16 AFM diagram™

Wang 2R I AFM W52 T 48 e ko 1 9 75 &
Rl Je 9 AL BR800 X6 U 75 10 00 285 440 52 T AN
WS, L o o B 3 THRLRE 48 7 2 AR AR
AP ROW A T SR A) F- G BB T O IR AR E
PE 5 Yin SR H T I AR BRSO S
UG A AR B P W 7 1 AFM MR (| 17) |, %% B )
EA T BRI R W b 0 A S ] R AR
M A0 % A A vk 0 7 SR AR R B /D KM 2
oAU WA 90 7 B9 249 T HRORELRES 32 (R ) Sl 35 484 o, i sk
P s AR R 5 1 R FEAR . 1R - Bl i 1k
e Th TR S I Rt AL TR RE

WA BFIE 3 TR AFM W22 214858 Bl ok 7 75
TE 28 I3 3 VR 30 )5 O g M i 22 4k o RS R B, 3
VRAE B0 S SO P U B0 SRR A A b A
FOUREL SR VAT e UKL 18] 14 3% He Vs (11 18) o i 2 s

P 3 [7] 5 BT A et I T AOIR E RE Y T RO
Guo 55 il 3 AFM W58 1 48 K 45 4 X 01 75 oW
B (1 19) , K B 4 1 iR ot 90 B
A7 B A SRR 45 R R R 2 5 AR R RORE 0 A

(a) R IETCHE T T (b) i 7 A P 5 7

17 KEZH(PAV)EBRE MRS AFM E"
Figure 17 AFM diagram of rubber-modified asphalt after

long-term aging (PAV)""

18 B EHE AFME""
Figure 18 AFM diagram of rubber-modified asphalt""”"

(a) BB E 20%

(b) BB 30%

19 FEGBRIEER AFM E"
Figure 19 AFM diagram of different rubber dosages

[106]



42 ¥ 4k

A S 2024 5

BT AR g oy 1 RS TR R
Aii, W e T SHEANRAE BRI S T T R S5 4 B AR E
Yo PR, v 5 A9 AR IR ko P 3 % B RO Y
b 235 ik B AMICIRL P R RE -

5 MBREAMEHANLSERREH

P Wi SRR S, AR 5 G At v R Y A
FHE By — o 3 20 R SR 3K SR 1) O A
RREl BURZ S Al € e NSRS i ) N G )
PERESR T, I E H 28 E 2 2 TR K. BT
B — e TR AT RE TC VR TE AT 1 AR D T A Ik B Ak
R HI, & A B B T 58 4R 7E B 26 1%
fig LA IR | 3 8 & 74 At o 590 A A R P A, T
AT R LA ERE
510 BREYHER

MBI R A Y SCER = A, T L
RAVHF 2R, G, 8E 85" EALE
IR (PPA) 518 #3152 & o FH B Wb 42 & I 10
o i M BB L {0 PPA IR IR A8 B2 AT AR 52 ), 21048 it
FEHIAE 126 LA s Leng 550 F0 By 5 48140 3 A1 H
% R R R £ ZFERR (PET) MK %5 B R & 0%
BT A SOV I R A A R MR AR AR M RE . X
T SBS 5 AR A 1 & A vt 5507k 4H AR R L A0
%2 B R A T ot ) SBS B K, B 6 T i
B AR AT —E 2R BN, SR8 H %
HEXE SBS# it Ry 520, ¥ Ry 1126 ~13% 5 fii f2 oT
SRV HE I SBS I E 3% AR B S 15%~20% ;
B BEYHENTBRESERS « BREILRY
(APAO) & A SRR, &3 APAO BB fl B A%
THA AR E R T AR, TR S 5
AR B R AR A G s Wel 5548 Hh APAO
Xof Y AR T RE AT S AR
5.2 kR

Y K A e TE AR BV U T RO R R B T
MR . ZIRF 58 & B0, K TR) 409 K b4 ek S A e vl e
Wi R et O A 22 k. Bl i BB
WFE W, 44k ZnO DR H: b 3R i B, R A /G g
JIE A0 T R R R R R R 2R g, kT AR Ak
H L2 TPk a8 0 56 15 5 UM | ICIEERE B & 1k
Pk R A7 B M, B2 36 T 47 5 Zheng 45118 Bl & R
e A0 KA 15 48 S 1 52 6 i T g b 3 5 10 T 1 R e

PERE 4 0 2 76 = il 6 R R BTk AR TR g ) U i SR
2S5 Tian 55 & LGN K A HLSE M+ 5 05 0 okt
Wi Ak 2 N RE 03 5 6 U FR 0 e T AR E M BT
2 Al A A R E L A 2 XTI M R T A —
M) 5 B 2R MR 461200 R 3 490 DK i TR 6% g 14 ek AR E A 1k U
(18 1o e AR e (R0 LAV IR S 3 A BT S ) 5 Guo B
RET A BIGSRIKRESSED TR, &0 A%
95 550 ) A YO AR AR A0 B T e o AR T BB
FE R, DA Rt AR e R BL AR TR e ) o SR, A
SR W WS T v B AR TR, BN IR A R R A
53 BERHEKER

B2 AR S Sy — b R Y O R AR R
Wb R T EEAEN . 2R, R
Jo I 8 R TR AR RS Ot TR A T A A
H oy Vi B i A A Ve, JF KO B0t AR R Mg o 1)
N, IR R 35 4 T AR S R AT R I AR FE
WA AU . 7RI R TS AR 47 % B
T ECPE T R B R 0 R R R A R
8V A B T TH AR BEAE W 75 9 R 2 R AR
M 5 BRIV R ST R B 2 SR I 2 Ak T T A
ROF AR 2RO 5 45 A Af ] B X & 4k SBS U
RO A 5 L A Ty AR R AL 1 S B R L R R
FEAIR T A% e AR 0 01k 5 75 10 36 i e 1 it T
R, 78 180 °CF AR Uk 0 7 10 T A 8% B 1%
ik T 64.5%,
5.4 EYEBCERF

S N 7/ BT K (TR U 7N N I & o (O
F AR e W et T R Rz B Tz Ok
o MR Z 5735 MR 58 2R W) il AR I AE 52 6 e v
T il £ by R F U N, Find 51k B
288 Wi e S B T AR e b A AR b A
fitt R P AT 55 T 24k fig , T BEAR L RS2 B s Per-
alta 55" F LR AR ISt A 0 3 ) 4 AR e 10 7
Jre 0 H TG A o TR R RN S R A BT 9F IR BT 2k
AE s Lel 861 )3l 5o o K S AT U0 A= 9 T 548 80 11
SEUHE D T Y R T R AR 2 AR S
1 3L 5 24 4% o A OR A2 I AR IR T (WFO) A
NEAR ISR il & 1 ORI L O A2 43 B 4 LR 20408
W SR EBL, Y WEO 548 i 1) 5 i 5 800 51 ok
5.0% F120.0 % B, 2 280 ME 0 7 A6 ke 5 i 550 S0 AR 5
B AR B e Ik, AR LGS BT 3 I REAIR T 36.02 %



% 64

BAL E . R EMIREAWRT R ER 43

32.04 %, RUITHGTE MR B T B 0GE

6 4

AW 5 [ 58 10 1 AR I o 1 U 7 A A
HEMERE WA PR AR S ME ML B HEAT T IR AR,
o X B AT SCHk 1 25 3 5 K50 A 19 A LA I LU R
FELER .

(1) A5 M o 00 7 10 o 4 2 2 5 F vy L B
Yk @R R AR I AE 2.0 mm DLR B 5
5%~20% , B VIR BE 4 +5 R 170~190 °C, 5 Y 5 & Ky
1 000~4 500 r/min, 3 H 8§ P i ] #F4% 60 min.

(2) V875 AR e ol 5 5 1 4 B 5 90 A8 M e a2 3
B A5 | H B3 T T 2B DL R & S 0 3 )
FEM o SR, OC T3 2 5% e A 22 0 HLAARAE AL, B
1 AT 58 4 58— AL,

(3) KA I R 5 B 2 A 52 2%, (ELAE Bh o0 3%
IE T B, GBI W b 48 /s AR IS 5 0 7 =2 18] AR AR
T IR S 48 10 W50 90 5 3 1 45 4 FRURH 485 4 1) 3 A ik
P BRCPE AR 2 R AR AE W R ik A AE B
PR (g BuN s AN B DT T i s 8 U AN RS
AR CPE I A S8 R H B H AR 5
o AG I AU T T 0 38 A0 R et PR A R S R

7 HFRER

ARICR G IR T 0 1 AR e 7 40
FECR TR AT T H o5 B AR 4 RE B2 Wi [N R K el
PEMLBE . R 5 AR P 90 7 B 5 5 8 2 R
i 3 IR R BT A AR T 2 A TR IR AR 1Y [R] A
PR .

(1) il £ T 75 10 o >4 i 3 35 400 e vk 10 7 19
A T B E B A (BT T I AR 7 AR R T RE
FFE IR AR S A 358 A G- R 484 9 ) 38 D05 5K o RSB 5E
R T X ) o e e R A ) SR R e S
[ 45 O B 2 B RS A A R 4%, U S 3 7 T2
r A ER AL . A b TR B — AP R E O R H
S0 A 5 A 2 T Ak PR AR B o SR T 4 K
FHORMUR 2 A5 BT 1A Ak T B I SR AR B R S R
FBe, B R AR BORL JSUA ) 7 M RE B9 TR I, 2 2%
& Th T VA U R A A TR
JO7 AR 7 2R I IH AR B il ot CUN AR I BE IS IR T8
S ) TE SR A R B BE— 20 3 SE R THAR I

4 8 IR AL R T S A% i R R 22 55 B R J

(2) FEVEREWETE T H o O 1 B 4Tl AR 48 M i Al
BRI T RS RE , A —EZ T £
R ZR A VAR AR o IR AR DL a (FON IR R W
T2 PR B A U7 A 56 B %0 B 5 58 ) AROUL B T 73
e (iz S o B 49 4 Pl 3 2 OB O S vl 7 I PR B A
B REE  HT HR ) PA K s 3 T 2E PR RE 2 A (1 DMA
ML) o BEAh , AR A L B S T I kAR B R U 7 A
A% S B 358 (vl AP s O L A L o R S R
S5 )N B PERE R B B A o TR Bl R BE 52 T
P Ik 9 AR 1 PR T e R BIF 5 R A AR I M D T S
BB A B A B Tl LT R 2% A B T R e
PRSP R i 5 8 2 4 25 D5 1 BAHE AR A (L R R R
AT Y B T5 1] o

(3) BCPENLE T T . A3 R ARSI S W15
Z 5] A9 AR EL A FH AL B ] 8 2 00 SO I 7 1 RE Y
O R WA o 3 e A S Ok RS ) AR U AR AR
FHRE AL, 48 7 AR e 5 P 5 Bk 3 7 Mk e =2 18] 1 9 A
WA, o o v 1 B AR B T R L EIE 4R T
[ B, o7 3 N7 — B 58 35 1Y VT AR RS 5 75 T BN
JE R AR AR IR 2R, LUAR 5 0 Pk RGBS E O 7 60 o A
i s S U R R R SR

S B Lk :

References:

(1] BRI,V 0R 2 08 B ke . AU 48 i AT [l g P 39 A S A= 25
BT[], A E 3R 5E Rl 2% ,2024,44(8):4731-4736.

ZHAO Shujie, XU Junyuan,ZENG Xianlai. Measuring the
recyclability and eco-design of typical tires[J]. China
Environmental Science,2024,44(8):4731-4736.

[2] AR R RE BRI AE B BER R IR W A A B T

TS BE 5 PR ML ER AT 5T (T]. HR A A B ,2022,42(3):
219-224.
YE Changjian,LU Shaoyi, HUANG Qiushan,et al.Study on
rheological properties and modification mechanism of crumb
rubber/natural asphalt composite modified asphalt[J]. Journal
of China & Foreign Highway,2022,42(3):219-224.

[3] OBOIRIEN B O,NORTH B C. A review of waste tyre
gasification[J]. Journal of Environmental Chemical
Engineering,2017,5(5):5169-5178.

[4] B, B IR R IR A5 4 i B 2% PR (TPCB) B 1k
WF BRI 2 AR IR TSR [J]. T A2 8%,2024,44(2):



" D N 2024
103-109. rubber modifier in road asphalt pavements: State of the art
YANG Wansheng, YI Shuaibing, DAI Tianle, et al. and statistics[J].Coatings,2019,9(6):384.

Experimental research on anti-UV aging performance of [14] OUYANG C F,GAO Q,SHI Y T,et al. Compatibilizer in
tire pyrolysis carbon black(TPCB) modified asphalt[J]. waste tire powder and low-density polyethylene blends
Journal of China & Foreign Highway,2024,44(2):103-109. and the blends modified asphalt[J]. Journal of Applied

[5]1 % =5, 90 I 254555 Ok v 75 R 5 R 3l far 2K ) 2 Polymer Science,2012,123(1):485-492.

Wi ;43 BF (3], PSR4 #6,2023,43(2):227-233. (151 5K ME, T4 ) IH 5 e P AR AR R B X 093 55 40 B4 i
YANG Sanqiang,SUN Shuang,LI Qian,et al. Dynamic load S PR BE Y 5 [T]. L AR B R 2 i (A R B R,
response analysis of rubber powder modified asphalt 2019,38(2):57-64.

mixture[J]. Journal of China & Foreign Highway,2023,43 ZHANG Peng, YIN Zhenyu. Effect of waste tyre recycled
(2):227-233. rubber powder on physical and rheology properties of

[6] HEZE . RS BRI ) & o A N BR R e M WE SR [D]. AT - asphalt[J].Journal of Shandong University of Science and
Wil K22,2022. Technology (Natural Science),2019,38(2):57-64.

HUANG Ping’ an.Study on preparation of carbon black by [16] LI J,XIAO F PAMIRKHANIAN S N.Storage,fatigue and
pyrolysis of waste tires and ball milling modification[D]. low temperature characteristics of plasma treated
Hangzhou:Zhejiang University,2022. rubberized binders[J].Construction and Building Materials,

(7] TH¥ R 000, ok PS5 e B JH 7 U 9 B BOR (9 R R 2019,209:454-462.

ZRIR[I]. A 22 4R,2021,34(10):1-16. [17] LEI Y,WEI Z, WANG H N, et al. Effect of crumb rubber
MA Tao,CHEN Conglin,Z HANG Yang,et al.Development of size on the performance of rubberized asphalt with bio-oil
using crumb rubber in asphalt modification: A review[J].China pretreatment[J].Construction and Building Materials,2021,
Journal of Highway and Transport,2021,34(10):1-16. 285:122864.

[8] AKKENZHEYEVA A, HARITONOVS V, BUSSURMANOVA [18] A% 5 55 . F it 47 A% M 00 A5 o8 101 5 ol 4 1
A,et al.Study of the viscoelastic and rheological properties 2] FERR $hiR 2 ,2021,40(9):3168-3176.
of rubber-bitumen binders obtained from rubber waste[J]. YANG Desheng, GUO Hao.Preparation process of rubber
Polymers,2023,16(1):114. modified asphalt based on storage stability[J]. Bulletin of

[91 RE&V T BB E  FAERKSET LT LM the Chinese Ceramic Society,2021,40(9):3168-3176.

WFFE 0] 8 B R 4,2022,20(8):369-373. [19] ATTIA M, ABDELRAHMAN M. Enhancing the
SONG Dongping, HAN Jing,LI Xiaolin,et al.Study on wet performance of crumb rubber-modified binders through
process of recycled rubber modified asphalt[J]. Rubber varying the interaction conditions[J]. International Journal
Science and Technology,2022,20(8):369-373. of Pavement Engineering,2009,10(6):423-434.

[10] PICADO-SANTOS L G,CAPITAO S D,NEVES J M C. [20] LEWANDOWSKI L H. Polymer modification of paving
Crumb rubber asphalt mixtures: A literature review[J]. asphalt binders[J]. Rubber Chemistry and Technology,
Construction and Building Materials,2020,247:118577. 1994,67(3):447-480.

[11] CHAVEZ F, MARCOBAL J, GALLEGO . Laboratory [21] B S, 2= AR R R i v W 7 R e vk B s e [ &
evaluation of the mechanical properties of asphalt [J]. A A L S5 2 R 2 4,2004,17(4):38-41, 49.
mixtures with rubber incorporated by the wet, dry, and LIAO Mingyi, LI Xue. The stability of crumb rubber
semi-wet process[J]. Construction and Building Materials, modified asphalt and the factors of the effect on stability
2019,205:164-174. [J]. Journal of Petrochemical Universities, 2004, 17(4):38-

[12] B P, 50 8 B 2% SO, 45 R ] DR 3R R AR 2 45 eSO 41,49.

T I T AR R e 43 BT (7], A #%,2022,42(3):225-230. [22] 5 G BRI V5T 25,5 . 22 SR W IR /DL e 493 52 5 WU
MA Qingwei,GUO Zhongyin,LI Wenbo,et al. Analysis on T 110 45 St REWE 5T [J/OL]. " Ah A % ,1-10[2024-06-14].
the influence of different factors on the high temperature https://kns. cnki. net/kcms/detail/43.1363.U.20240614.1606.
performance of composite rubber asphalt[J]. Journal of 003.html.

China & Foreign Highway,2022,42(3):225-230. YUAN Jianbo, YIN Chan,FENG Xinjun,et al. Preparation

[13] BRESSI S, FIORENTINI N, HUANG J D, et al. Crumb and performance study of polyphosphoric acid/



] BAL SRR AT EA AR 45

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

desulfurized crumb rubber composite modified asphalt[J/
OL].Journal of China & Foreign Highway, 1-10[2024-06-
14]. https://kns. cnki. net/kems/detail/43.1363.U.20240614.
1606.003.html.

HALLMARK-HAACK B L, HERNANDEZ N B,
WILLIAMS R C,et al.Ground tire rubber modification for
improved asphalt storage stability[J].Energy & Fuels,2019,
33(4):2659-2664.

ARIRIR A A 0, £ T AN TR B 5T A B AR RS B
W35 PEREDT ST [0]. P Ah A ,2022,42(5):156-160.

LI Xiaojuan, XU Xijuan, WANG Qingqing. Study on
performance of desulfurized rubber modified asphalt with
different original asphalt[J]. Journal of China & Foreign
Highway,2022,42(5):156-160.

CHEN F Z,QIAN J L.Studies of the thermal degradation
of waste rubber[J].Waste Management,2003,23(6):463-467.
YIN J M,WANG S Y,LYU F R.Improving the short-term
aging resistance of asphalt by addition of crumb rubber
radiated by microwave and impregnated in epoxidized
soybean oil[J]. Construction and Building Materials,2013,
49:712-719.

Tl IR B, A TR B 4R R A TR T X e
THPERE M R R [J]. PR T2 412,2016,10(1):350-354.

YU Kai,ZHANG Chen, WANG Huan, et al. Influence of
sodium hypochlorite oxidization of crumb tire rubber on
performance of modified bitumen[J]. Chinese Journal of
Environmental Engineering,2016,10(1):350-354.

ZHOU T,KABIR S F,CAO L P,et al. Comparing effects of
physisorption and chemisorption of bio-oil onto rubber
particles in asphalt[J].Journal of Cleaner Production,2020,
273:123112.

LIANG M, XIN X,FAN W Y,et al. Thermo-stability and
aging performance of modified asphalt with crumb rubber
activated by microwave and TOR[J]. Materials & Design,
2017,127:84-96.

22 AR WX JE AT B K 5, A e A o AR TR Y TR e
IR BE 5 I A S 505 BT D). AR KRB F R (B R B2 IR,
2020,50(6):1109-1114.

LI Zhigang, DENG Siqi, TAN Famao, et al. Analysis on
temperature and time for mixing preparation of crumb
rubber modified by eucommia ulmoides gum[J].Journal of
Southeast University (Natural Science Edition), 2020, 50
(6):1109-1114.

YE Z G, ZHANG Y Z, KONG X M. Modification of

bitumen with desulfurized crumb rubber in the present of

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

reactive additives[J]. Journal of Wuhan University of
Technology-Mater Sci Ed,2005,20(1):95-97.

RN 2% DS RR 5 TR R 2 4 AR AR R T AR B B
Ui 10 P RE B AH 2550 1 B2 WA (1], & U i Tl ,2011,34
(2):139-142.

SONG Yingdeng,LI Xiaolin, ZHANG Liqun.Properties of
asphalt modified with ultra-fine full-vulcanized powdered
styrene-butadiene rubber and influence of compatilizer[J].
China Synthetic Rubber Industry,2011,34(2):139-142.
POLACCO G,FILIPPI S,MERUSI F,et al. A review of the
fundamentals of polymer-modified asphalts: Asphalt/
polymer interactions and principles of compatibility[J].
Advances in Colloid and Interface Science,2015,224:72-112.
WANG S F,YUAN C H,DENG J X.Crumb tire rubber and
polyethylene mutually stabilized in asphalt by screw
extrusion[J].Journal of Applied Polymer Science,2014,131
(23):81-86.

0 RS R R S BT U 5 A A AT O
[J]. R K22 4R (A 2R B2 R),2022,53(10):3879-3889.
WANG Hui, WANG Xu, HUANG Weilin, et al. Study on
compatibility of crumb rubber powder composite
modified asphalt[J]. Journal of Central South University
(Science and Technology),2022,53(10):3879-3889.

JIE 5 3 AR R LB 55 AR RON) BT T 1 PR S M B
ZAWIT RFIE]. A6 TR R B, 2023,51(2):229-234.
DI Xiuling,ZHONG Fu, QIU Xinling, et al. Study on the
thermal stability of rubber powder modified asphalt and
its composite asphalt[J].New Chemical Materials,2023,51
(2):229-234.

BADRI R M, ALKAISSI Z A, SUTANTO M. Physical,
rheological and morphological characterization of
modified asphalt binder with differing crumb rubber
contents[J]. Materials Today: Proceedings, 2021, 42: 3028-
3034.

ZHU Y J,XU G J,MA T,et al. Performances of rubber
asphalt with middle/high content of waste tire crumb
rubber[J]. Construction and Building Materials,2022,335:
127488.

CONG P L,XUN P J,XING M L,et al. Investigation of
asphalt binder containing various crumb rubbers and
asphalts[J]. Construction and Building Materials,2013,40:
632-641.

VB R S 5C 6 8 U3 7 P R 5 LB 58 [D]. 6 42 :
K2R 24,2020,

XU Xu.Study on modification technology and mechanism



46

s

A

% 2024 %

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

of waste tire rubber powder asphalt[D]. Xi’ an: Chang’ an
University,2020.

FMEIRTR B T AE AR 5 R A X 9 7 I g
S AR SE 7). Hh M #6,2017,37(4):259-262.

WANG Hui,DENG Qiao,LUO Jianjun,et al. Study on the
influence of rubber powder content and fineness on
asphalt properties[J].Journal of China & Foreign Highway,
2017,37(4):259-262.

KHALILI M, JADIDI K, KARAKOUZIAN M, et al.
Rheological properties of modified crumb rubber asphalt
binder and selecting the best modified binder using AHP
method[J].Case Studies in Construction Materials,2019,11:
¢00276.

NIU D Y,XIE X W,ZHANG Z,et al.Influence of binary
waste mixtures on road performance of asphalt and
asphalt mixture[J]. Journal of Cleaner Production, 2021,
298:126842.

T Yk o] R A HE AR A R T S S B AR R O
T AL R e MALERBE ST [)]. 23 #,2023,68(6):403-409.
DING Weijian, HE Xinyi, YANG Yanhua, et al. Study on
rheological properties and mechanism of rubber asphalt
based on reaction parameters[J].Highway,2023,68(6):403-409.
LIU H B, LUO G B, WANG X Q, et al. Effects of
preparation process on performance of rubber modified
asphalt[J]. IOP Conference Series: Materials Science and
Engineering,2015,87:012008.

KOK B V, YILMAZ M, AKPOLAT M, et al. Effects of
preparation conditions on the properties of crumb rubber
modified binder[J]. Journal of Civil and Environmental
Engineering,2018,12:233-238.

T B B R LA AR U T R S e B R B
R BT D], FBIH IR 224 4 (T2 W), 2019,40(3):57-62.
DING Zhan, JJANG Xiuming, ZHAO Junkai, et al. The
influencing factors analysis of viscosity and viscous flow
properties for rubber asphalt[J]. Journal of Zhengzhou
University (Engineering Science),2019,40(3):57-62.

SRR e, B AR AN [ R A T TR AR RS 0 9 R
R X LU 23T (0], Tk R £ 0 41%,2021,40(9):3159-3167.

LI Peilong, WANG Xiao,SUN Shengfei,et al. Comparative
analysis of viscosity characteristic of rubber asphalt with
different preparation methods[J]. Bulletin of the Chinese
Ceramic Society,2021,40(9):3159-3167.

W /N g 2R KU RE S BT A LSRRI
PEHLBWFGE[I]. B B2 H2,2017,20(4):640-645.
YANG Xiaolong, LI Bo, LIU Xiang, et al. Mechanism of

modification of rubber asphalt on process parameters[J].

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

Journal of Building Materials,2017,20(4):640-645.

22Uk 25 G BKHT I LA LR TH R 1 R 5 32 AR A AR
B2 0 286 A R 0], 4K 2 R 2 4 (A AR B 1D, 2017,
37(2):26-34.

LI Bo, LT Peng, ZHANG Xinyu, et al. Interaction and
particle effect of crumb rubber characteristics on
brookfield viscosity of rubber asphalt binder[J].Journal of
Chang’ an University (Natural Science Edition),2017,37
(2):26-34.

SINGH D, ASHISH P K,JAGADEESH A. Influence of
particle and interaction effects of different sizes of crumb
rubber on rheological performance parameters of binders
[J].Journal of Materials in Civil Engineering,2018,30(5):
04018066.

AR AR AR R T 0 T M RE R AR Ak (D). R A
2023,33(5):20-24.

WANG Fengcheng. Changes in properties of modified
asphalt by reclaimed rubber China
Elastomerics,2023,33(5):20-24.

LEE S J, KIM H, AKISETTY C K, et al. Laboratory

powder[J].

characterization of recycled crumb-rubber-modified
asphalt mixture after extended aging[J]. Canadian Journal
of Civil Engineering,2008,35(11):1308-1317.

LI P L,JIANG X M,DING Z,et al. Analysis of viscosity
and composition properties for crumb rubber modified
asphalt[J]. Construction and Building Materials,2018,169:
638-647.

JEONG K D, LEE S J, AMIRKHANIAN S N, et al.
Interaction effects of crumb rubber modified asphalt
binders[J]. Construction and Building Materials, 2010, 24
(5):824-831.

G SR N S VT SRR I 3 Rl G o R R e Y
SrHT[I]. R RHE,2020,39(31):73-77.

ZHANG Yunping, WANG Xiaoli, ZHAO Renshuai, et al.
Analysis of rheological properties of rubber compound
modified asphalt[J]. Henan Science and Technology, 2020,
39(31):73-717.

TR IS () I AR 9 5 5 AU A A U0 ) I R
PEREWF ST [T]. AN B ,2023,43(5):254-258.

HUANG Shihong. Study on rheological properties of
asphalt modified by different types of anti-stripping agents
and rubber[J].Journal of China & Foreign Highway,2023,
43(5):254-258.

B AR R B RO AR 55 M RE RY S [T]. A
W ,2013,27(1):1-5.

LUO Yaofei, LI Zhihong, ZHANG Ke. Influence of mesh



] BAL SRR AT EA AR 47

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

on performance of rubber modified asphalt[J]. Petroleum
Asphalt,2013,27(1):1-5.

SEBAALY P E,GOPAL V T,EPPS J A.Low temperature
properties of crumb rubber modified binders[J]. Road
Materials and Pavement Design,2003,4(1):29-49.
AR, AR A A R T IR A R TR AR M R
X5 [1]. [F B K 2E (A AR 22 1R),2010,38(7):
1023-1028.

HUANG Weidong, WANG Wei, HUANG Yan, et al.
Influencing  factor  research  on  high-temperature
performance of asphalt rubber mixture[J].Journal of Tongji
University (Natural Science),2010,38(7):1023-1028.

R e, K SO TR G Ty R IR S T 5 R 3R R
I A0 Wi ,2010,24(4):42-48.

WANG Zhenlong,ZHANG Wenwu, ZHANG Minggong.
Effects of scrap tires type on performance of crumb rubber
modified asphalt binder[J]. Petroleum Asphalt,2010,24(4):
42-48.

B IAR PhSLZE S TR I B SRR I S
ML 3 T[], W 2K 1 Tl K 2224 40,2021,53(3):33-41.
LYU Quan,HUANG Weidong,SUN Lijun,et al. Evaluation
and mechanism analysis of adhesive self-healing property
of asphalt[J]. Journal of Harbin Institute of Technology,
2021,53(3):33-41.

FRE, AR IR I A AF AR I IO AL M R B R
WESE[I]. 2 A2 8 BF45,2019,36(3):34-41,72.

WANG Yanzhu,WANG Xudong,ZHANG Longsheng,et al.
Study on compatibility and adhesion property of rubber
asphalt[J].
Research and Development,2019,36(3):34-41,72.

AR L IR R A T AR A AR R S AR B
BB PRI [J]. 2 A b Rk 24 31,2018,35(12):3487-3499.
HU Songshan, TAN Hua, QIN Runpu, et al. Compatibility

Journal of Highway and Transportation

test of rubber powder and matrix asphalt based on
rheology[J]. Acta Materiae Compositae Sinica, 2018, 35
(12):3487-3499.

R LB 2 5 AR A 0 T R T R Y
NEFH I, 52 A 4R ,2018,35(8):2260-2273.

HU Songshan, QIN Runpu, LI Hui, et al. Application of
rubber asphalt performance test technology[J]. Acta
Materiae Compositae Sinica,2018,35(8):2260-2273.
JAMAL M, GIUSTOZZI F. Low-content crumb rubber
modified bitumen for improving Australian local roads
condition[J]. Journal of Cleaner Production, 2020, 271:
122484.

MR AN (A A2 7 T 2 BOMAG B e 10 1 R ) 52 T

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[J1. H 7R B 9 ,2022,51(4):34-37.
LI Haidong. Influence of different production process
parameters on properties of rubber asphalt[J]. Scientific &
Technical Information of Gansu,2022,51(4):34-37.

TR B AR, SR A AR T B OW R AE T 123 e LA
WURFPE S5 3R (7] B4R 41,2019,33 (1 1) 2):247-253.
ZHANG Qing,HOU Dehua, SHI Jicun.Research progress
of microscopic characterization of rubber asphalt[J].
Materials Reports,2019,33(sup 2):247-253.

CHEN Y, HU K, CHEN Y J, et al. Preparation and
modification mechanism study of microwave-treated
crumb rubber and waste engine oil-modified asphalt[J].
Environmental  Science and  Pollution Research
International,2024,31(8):12483-12498.

ZHANG J W,CHEN M Z,WU S P, et al. Evaluation of
VOCs inhibited effects and rheological properties of
asphalt with high-content waste rubber powder[J].
Construction and Building Materials,2021,300:124320.
LYU S T, TAN L, PENG X H, et al. Experimental
investigation on the performance of bone glue and crumb
rubber compound modified asphalt[J]. Construction and
Building Materials,2021,305:124734.

e AR A% R TR R A R TH B B U 5 A £ 5
FEFRAE I v A B ,2016,25(5):46-47,114.

KANG Chengsheng, LI Liangying, ZHANG Xingyu, et al.
Infrared spectrum characteristics of waste rubber powder
modified asphalt[J]. China Building Materials Science &
Technology,2016,25(5):46-47,114.

FEERERE AR W B ILBL )] R R A R
(B SRR /R),2011,31(2):6-11.
WANG Xiaofeng, CAO Rongji.

Rubber asphalt

modification mechanism[J]. Journal of Chang’ an
University (Natural Science Edition),2011,31(2):6-11.
VFZAE S [H IR iR RS R S I P AL AT 5
[0]. 32 BEH7,2010(3):87-89.

XU Aihua,GUO Chaoyang,LU Wei.Study of the modified
mechanism of ground tire asphalt rubber[J]. Transportation
Science & Technology,2010(3):87-89.

W FLar, B e W], 2450 2 5 P BE B9 DSC T 5 i [J]. 22
18 iz TR 2241 ,2005,5(4):37-42.

ZENG Fanqi, HUANG Xiaoming, LI Haijun. Evaluation
method of differential scanning calorimetry for asphalt
performance[J]. Journal
Engineering,2005,5(4):37-42.

TV I . Asphaltan A® R 750 X5 48 5 0 7 000 5 1k 1Y) 52
W BIF 5 [J]. 2 1 T.F2,2016,41(6):25-28.

of Traffic and Transportation



18 D N 2024
DING Haibo. Asphaltan A” warm mix agent on the [85] HIZAK,Z=5%E 3 B 25, 4 . W i (000 &5 4 A i oF 5 3k e
microcharacteristics of the rubber asphalt[J]. Highway [J]. 38 38 iz By T2 2% #£,2020,20(6):1-17.
Engineering,2016,41(6):25-28. TAN Yiqiu, LI Guannan, SHAN Liyan, et al. Research

[77] ENERER H % L T Ih2F ook 19 8 ISk & & vtk progress of bitumen microstructures and components[J].
F M BE S HLELE 5T [0]. W1 R K22 22 R (A SR B 22 h),2021, Journal of Traffic and Transportation Engineering,2020,20
48(6):30-37. (6):1-17.

WANG Hui, XIONG Mengri, YANG Zhen. Research on [86] ¥ /M, EIA %, R 4 etk AR I & B A AR
performance and mechanism of crumb rubber composite A 0 T A 325 [0]. 1 FH Ak 2#,2012,29(3):364-366.

modified asphalt with chemical modifier[J]. Journal of FENG Xiaojiao, GUO Zhian, WANG Pei, et al.
Hunan University (Natural Sciences),2021,48(6):30-37. Determination of the content of styrene-butadiene rubber

[78] WANG S F,CHENG D X,XIAO F P.Recent developments in modified asphalt using high performance liquid
in the application of chemical approaches to rubberized chromatography[J].Chinese Journal of Applied Chemistry,
asphalt[J]. Construction and Building Materials,2017,131: 2012,29(3):364-366.

101-113. [87] YU H Y,LENG Z,ZHANG Z Y,et al.Selective absorption

[79] %, WM, &F 9, % .SBS/IR 3 58 & Blo itk i 5 o 5% 1k of swelling rubber in hot and warm asphalt binder
S RETEM[I]. A B AN B2 31,2021,34(10):17-33. fractions[J]. Construction and Building Materials, 2020,
SONG Liang, WANG Chaohui,SHU Cheng,et al.Research 238:117727.
progress and performance evaluation of SBS/CR-modified [88] HUANG W D,LIN P,TANG N P,et al. Effect of crumb
asphalt[J]. China Journal of Highway and Transport,2021, rubber degradation on components distribution and
34(10):17-33. rheological properties of terminal blend rubberized asphalt

[80] GE D D, YAN K Z, YOU Z P, et al. Modification binder[J]. Construction and Building Materials,2017,151:
mechanism of asphalt binder with waste tire rubber and 897-906.
recycled polyethylene[J]. Construction and Building [89] LEE S J,HU J,KIM H,et al. Aging analysis of rubberized
Materials,2016,126:66-76. asphalt binders and mixes using gel permeation

[81] VENUDHARAN V, BILIGIRI K P, DAS N C. chromatography[J]. Construction and Building Materials,
Investigations on behavioral characteristics of asphalt 2011,25(3):1485-1490.
binder with crumb rubber modification: Rheological and [90] LI J,JIANG H,HAN F H,et al.Investigation of the effects
thermo-chemical approach[J]. Construction and Building of chemical modification and oxidative aging on the
Materials,2018,181:455-464. properties and compatibility of rubber asphalt based on

[82] YANG X L,SHEN A Q,LI B, et al. Effect of microwave- thermodynamic  principles[J]. Journal of Cleaner
activated crumb rubber on reaction mechanism, Production,2023,428:139070.
rheological properties, thermal stability, and released [91] GHAVIBAZOO A, ABDELRAHMAN M, RAGAB M.
volatiles of asphalt binder[J]. Journal of Cleaner Changes in composition and molecular structure of
Production,2020,248:119230. asphalt in mixing with crumb rubber modifier[J]. Road

[83] GHAVIBAZOO A, ABDELRAHMAN M, RAGAB M. Materials and Pavement Design,2016,17(4):906-919.
Mechanism of crumb rubber modifier dissolution into [92] =, BT R A RE IR D% A U AL F S AR
asphalt matrix and its effect on final physical properties of R [T, P SR BT K B EE,1991(2):44-46.
crumb rubber-modified binder[J]. Transportation Research YAN lJia,ZHAO Limin. Application of nuclear magnetic
Record: Journal of the Transportation Research Board, resonance spectroscopy in chemical structure analysis of
2013,2370(1):92-101. asphalt[J].China Building Waterproofing,1991(2):44-46.

[84] RAGAB M, ABDELRAHMAN M. Effects of interaction [93] DUAN S C,MUHAMMAD Y,LI J,et al. Enhancing effect
conditions on internal network structure of crumb of microalgae biodiesel incorporation on the performance
rubber-modified asphalts[J]. Transportation Research of crumb Rubber/SBS modified asphalt[J]. Journal of
Record: Journal of the Transportation Research Board, Cleaner Production,2019,237:117725.
2014,2444(1):130-141. [94] KOVALAKOVA M, FRICOVA O, HRONSKY V, et al.



BAL E R ERIRKET FE R R 49

Characterisation of crumb rubber modifier using solid-
state nuclear magnetic resonance spectroscopy[J]. Road
Materials and Pavement Design,2013,14(4):946-958.

[95] WANG Z J, XU X, WANG X F, et al. Performance of
modified asphalt of rubber powder through tetraethyl
orthosilicate (TEOS) [J]. Construction and Building
Materials,2021,267:121032.

[96] KONG P P, XU G, YANG J Y, et al. Study on storage
stability of activated reclaimed rubber powder modified
asphalt[J].Materials,2021,14(16):4684.

[97] & 53, 5 MG R DILZE 45 | i il 2R A IO B U A AR

R PERE XS [9]. 2 %24 41,2017,30(10):32-38.
DONG Ruikun, QI Changpeng,ZHENG Kaijun, et al. Test
on low-temperature performance for high-temperature
pyrolytic rubber modified asphalt[J]. China Journal of
Highway and Transport,2017,30(10):32-38.

[98] LIANG M, XIN X, FAN W Y, et al. Viscous properties,
storage  stability and  their  relationships  with
microstructure of tire scrap rubber modified asphalt[J].
Construction and Building Materials,2015,74:124-131.

[99] & VA JH 7 B, L, A5 L 0 SR b i O 95 ek PE LR ).
FUR B 4,2011,14(5):634-638.

CUI Yanan, XING Yongming, WANG Lan, et al
Improvement mechanism of crumb rubber-modified asphalt
[J].Journal of Building Materials,2011,14(5):634-638.

[100] %46, F /N2 S8 BE, 55  AGUBRHY O P 0 7 i 4 K 1 BB ik

IS WF 5T [0]. iR £8 1 42 ,2017,36(4):1326-1332,1344.
XU Anhua, WANG Xiaowen, XIONG Rui, et al.
Experimental investigation on preparation technology and
performance of rubber powder modified asphalt[J].
Bulletin of the Chinese Ceramic Society,2017,36(4):1326-
1332,1344.

[101] YIN L,YANG X L,SHEN A Q,et al. Mechanical properties
and reaction mechanism of microwave-activated crumb
rubber-modified asphalt before and after thermal aging[J].
Construction and Building Materials,2021,267:120773.

[102] LT H B,DONG B,ZHAO D,et al.Physical,rheological and
stability properties of desulfurized rubber asphalt and
crumb rubber asphalt[J]. Arabian Journal for Science and
Engineering,2019,44(5):5043-5056.

[103] YANG S Q,SUN S,QIN L S,et al.Microstructure and meso-
mechanical properties of asphalt mixture modified by
rubber powder under a multi-scale effect[J].Coatings,2021,
11(11):1321.

[104] THIVES L P,PAIS J C,PEREIRA P A A,et al. Assessment

of the digestion time of asphalt rubber binder based on

microscopy analysis[J]. Construction and Building
Materials,2013,47:431-440.

[105] WANG L,LIU Y,ZHANG L.Micro/nanoscale study on the
effect of aging on the performance of crumb rubber
modified  asphalt[J]. Mathematical = Problems in
Engineering,2020,2020(1):1924349.

[106] GUO J,CHANG C Q,WANG L. Low-temperature crack
resistance of high-content rubber-powder-modified asphalt
mixture under freeze-thaw cycles[J].Polymers,2024,16(3):402.

[107] #E SVAr 5 35 A /0 35 45 SR VR B0 2% 11 5ok 0 9 T 4
WLZE 4 [7]. 35 PROR 22 4 (T2 h),2017,47(2):452-458.
CUI Yanan,HAN Jiwei,FENG Lei,et al. Microstructure of
asphalt under salt freezing cycles[J]. Journal of lJilin
University (Engineering and Technology Edition),2017,47
(2):452-458.

[108] 4 7% 5, 42 W AR, 25 7,55 . Ok 07 7 000 285 ) 2 M1 Vi 1 i

BB 5T [J]. SHAE A1 K1,2017,48(2):2140-2143.
HAN Jiwei, CUI Yanan, LI Zhen, et al. Research on
microstructure and low temperature performance of
modified asphalt[J].Journal of Functional Materials,2017,
48(2):2140-2143.

[109] JA & 45 Bt [ B #5452 B R RAR RSB 52 & B U
HPERE[I]. K &R i (A AR RR),2018,38(5):9-17.
ZHOU Yuming, WEI Jianguo,SHI Song,et al. Properties of
composite-modified asphalt with polyphosphoric acid and
rubber powder[J]. Journal of Chang’ an University
(Natural Science Edition),2018,38(5):9-17.

[110] LENG Z,PADHAN R K,SREERAM A.Production of a

—

sustainable paving material through chemical recycling of
waste PET into crumb rubber modified asphalt[J].Journal
of Cleaner Production,2018,180:682-688.
[111] Bhaf 5,000, 35 (L M85 ARIBN - IR AT & B PR 95 5
IG TR M BE A 7 [I]. Hh B B 4798 3C,2023,18(12):1334-1339.
MA Keyan, WANG Bin, WEI Zhengpeng, et al.
Investigation on high and low temperature performance of
rubber powder and waste plastics jointly modified asphalt
[J].China Sciencepaper,2023,18(12):1334-1339.
SR 05K . SBS 5K K 5 A B I 7 M RE BT AT 0]
B A S A1 8E,2010,37(5):66-69.
GUO Jitan, ZHANG Bo. Research on the performance of

[112

—

SBS and rubber powder combined modified asphalt[J].
New Building Materials,2010,37(5):66-69.

[113] LI H B,LI W B,SHENG Y P,et al.Influence of compound

—

action of rubber powder and SBS on high-temperature



50

N

2024 %

[114]

[115]

[116]

[117]

[118]

[119]

performance of asphalt pavement surface[J]. Journal of
Materials in Civil Engineering,2021,33(6):04021126.

Y IC, DR 94,55 .SBS 5K 0 B & sl bE U 3 1
el I8 W 5% [J]. 37 B 2 S04 8, 2009,36(6):65-68.

NI Tongyuan, DAI Xiaodong, YANG Yang, et al.
Experimental study on compound modified asphalt by
SBS and crumb rubber[J].New Building Materials,2009,36
(6):65-68.

BT R W 3 . A/ APA O &2 A BCHE U T T RE ).
e K22 M (A AR BHERR),2018,38(2):1-8.

YAN Kezhen, CHEN Ming, HU Yue. Performance of
composite modified asphalt by waste rubber powder and
amorphous poly alpha olefin[J]. Journal of Chang’ an
University (Natural Science Edition),2018,38(2):1-8.

WEI J M, LI Y N, DONG F Q, et al. Study on the
amorphous poly alpha olefin (APAO) modified asphalt
binders[J]. Construction and Building Materials, 2014, 66:
105-112.

W JR G B A I 9K ZnOAG B By 52 & i 01 55 1Y P e
WFFR[I]. 2> #2838 BHEE (7 FH 42 AR MR),2013(11):23-27.
YANG Chenguang,ZHAO Shifeng.Study on properties of
nano-ZnO/rubber powder composite modified asphalt[J].
Journal of Highway and Transportation Research and
Development,2013(11):23-27.

ZHENG M L,LIU Y M, LIU X, et al. Study on the
viscoelastic behaviour of the modified asphalt containing
multi-walled carbon nanotubes (MWCNTs) and crumb
rubber (CR)[J].Construction and Building Materials,2021,
311:125244.

TIAN X G,ZHANG R,YANG Z,et al.Multiscale study on
the effect of nano-organic montmorillonite on the

performance of rubber asphalt[J]. Journal of Nanomaterials,

2018,2018(1):9638603.

[1207] 5K 2% M, 0 R IR ZE B . A0 K ik R 45 R A% e s &2 & el 1k Wi

RS [I]. B A AL S BE,2010,37(5):63-65.

ZHANG Ronghui, ZENG Zhihuang, LI Yi. Research on
performance of composite modified asphalt with nano
calcium carbonate and rubber powder[J]. New Building

Materials,2010,37(5):63-65.

[121] GUO R, TANG J H,GU J F,et al. Analysis on the road

[122] i . FE F FR 88 AT 4

performance of graphene composite rubber asphalt and its
mixture[J]. Case Studies in Construction Materials, 2022,
17:¢01664.

ST ) 5 R A SRRy B HE Pk

[123]

[124]

[125]

[126]

[127]

[128]

[129]

FEREMBESE[D]. 7 & 7 B R K %:,2023.
TANG Min. Study on preparation of super-activated
rubber powder and its modified asphalt properties based
on single screw continuous extrusion[D]. Qingdao:
Qingdao University of Science & Technology,2023.
B3k R B A U T B RE AL BB 5T (D] db mt Ak st ik
LR 2,2021.
SHAN Da. Study on properties and mechanism of rubber
powder recycled asphalt[D].Beijing: Beijing University of
Chemical Technology,2021.
LI H B,ZHAO Q Y,FENG Z X,et al. Recycling waste
engine oil as a viscosity reducer for asphalt rubber: An
insight from molecular dynamics simulations and
laboratory tests[J]. Environmental Science and Pollution
Research International,2023,30(15):44251-44265.
A A iy A B B B A W FO-CR PR W 75 19 03 7 45
F 725 AL 5 50 A0 P R [3]. BRI 28 24 3R (B ThR),2020,37
(6):589-596.
NIU Dongyu, XIE Xiwang, YANG Zhengxian, et al.
Molecular structure change and anti-aging performance of
WFO-CR composite modified asphalts[J]. Journal of
Shenzhen University (Science and Engineering), 2020,37
(6):589-596.
FRRRWE, 1 2 20805 L EORFE AT b o0 AL 0 75 T AR 1
fiE 9 52 R K HC T AR SR BE T [J/OL). h b 24 %, 1-15
[2024-02-01]. net/kcms/detail/43.1363.
U.20240201.1012.002.html.

CHENG Peifeng, BAI Yue,LI Yiming,et al. Study on the

https://kns. cnki.

effect of corn stover oil on the rheological properties of
aged asphalt and its regeneration effect[[J/OL].Journal of
China & Foreign Highway, 1-15[2024-02-01]. https://kns.
cnki.net/kems/detail/43.1363.U.20240201.1012.002.html.
FINI E H,HOSSEINNEZHAD S,OLDHAM D, et al.Bio-
modification of rubberised asphalt binder to enhance its
performance[J]. International Journal of Pavement
Engineering,2019,20(10):1216-1225.

PERALTA J,SILVA H, WILLIAMS R, et al. Development
of an innovative bio-binder using asphalt-rubber
technology[J]. International Journal of Pavement Research
and Technology,2013,6(4):447-456.

LEI Y,WANG H N,FINI E H,et al.Evaluation of the effect
of bio-oil on the high-temperature performance of rubber
modified asphalt[J]. Construction and Building Materials,

2018,191:692-701.



