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Study on High-temperature Rheological Properties of TOR/Crumb
Rubber Composite Modified Asphalt

QI Wen', MA Fucai’, MA Youbiao®>, ZHU Chenxu’, CHANG Mingfeng*
(1. Qinghai Traffic Control Construction Engineering Group Co. , Ltd. , Xining 810000, China; 2. Qinghai Guoluo Highway
Engineering Construction Co. , Ltd. , Xining 810000, China; 3. School of Material Science and Engineering,
Chang'an University, Xi'an 710018, China)

Abstract: Using SK90# base asphalt as the raw material, four modified asphalt samples were prepared by incorporating
20% crumb rubber (CR) and plasticized crumb rubber (PCR), respectively, along with a certain amount of rubber asphalt
coupling agent (TOR). The effects of TOR on the high-temperature rheological properties of CR asphalt and PCR asphalt
were investigated. The mechanism of the coupling agent was verified using Fourier transform infrared spectroscopy
(FTIR), while temperature sweep and multiple stress creep recovery (MSCR) tests were conducted on the modified asphalt
samples using a dynamic shear rheometer (DSR) to systematically evaluate their high-temperature rheological
performance. The results indicated that TOR formed silicon-oxygen bond bridging structures with CR and asphalt,
enhancing the compatibility between CR and asphalt. Among the different modified asphalt samples, CR asphalt exhibited
higher complex modulus (G*) and rutting factor (G*/sin J), demonstrating superior high-temperature performance. After
plastication of CR, the degradation rates of G* at temperatures ranging from 40 °C to 90 °C were 15.7%, 20.3%, 26.4%,
35.6%, 42.1%, and 45.5%, respectively, while the phase angle (J) improvement rates were 5%, 8.7%, 12.8%, 13.7%,
11.3%, and 8.9%, the addition of TOR improved the high-temperature performance of the PCR asphalt. The G*/sin J of

the four asphalts exhibited the same trend with temperature variation. MSCR test results demonstrated that in the CR
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system, the addition of TOR enhances creep resistance, while the improvement effect was not significant in the PCR

system. Analysis based on the response surface methodology indicates that CR asphalt exhibited superior overall

performance at high temperatures and was therefore more suitable for high-temperature service environments.

Keywords: Road engineering; Crumb rubber modified asphalt; TOR; High-temperature rheological properties; Response

surface methodology
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Tab.1 Technical specifications of base asphalt
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Fig.1 FTIR spectra of modified asphalt
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Fig.2 Temperature sweep test results of modified asphalt
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Fig.3 Variation rate of G*/sin ¢ for modified asphalt
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Fig.5 Multi-factor optimization and optimal solution of asphalt system

3 it

TOR 38 i HASAE B fiE 41 (Si—O—Si)TE CR 5 i 2
[T AT e 4 S TP AR A . Hod  PCR T
G*Ml G*/sin 6 5 CRIIE ML &A1, {HX4PCR 5 TOR
BT B &SI G, TOR B SRR AT B
RIS TERE . TOR SAE—EReE RESZZ AL AT CR

WEARLN,, AHHC B BB BEAL CR A 2 0 i P RE ™
FEAEBUR 2N . MSCR 45 RIEW] 1 e & B NG AR 1T
5 R ARCE R SR ARG . TR J1(3.2 kPa) /A T,
CR/TOR i # B H e IR a0 3R AR S AL e 6 ) TG A2 R
71, R HAE B AE A T RA IR . |
FHER R, TOR XHER P 2 A3 54 R 2%, Mt PCR



= L5 R 94

SRIFHY Plastics Science and Technology NO.08 2026

RS E AR LB ES N N FRIAE. 6%
JEERTERE PR L A E RIS I TOR B CR i &
FETEMIS P B AR O Y BRI AR PR, 1
TRERIRTCA S . AR SE bR TR /818 CR &
HEIE AR SR e BRI TOR .

»‘ﬁ%s‘cﬁk

[1] Semedk, B4, LKA, BREMAHAR
). M-3R, 2026, 40(3)~ 108-116.

[2] B &, §&, ZAE, . WEALA D F @ mEAD Py RI].
4 iﬁw 2024, 10(5): 19-21.

[3] R ATHF, a2, F. TRB LB H RS AR A
BHGTBEMB R[], KL F L, 2026, 43(7): 21-30.

[4] Tk, st AR L MR A FHRACTE )
MK FE, 2025.

[5] T#Hh, T . E 8RS AR EDEGE A2 IR W e R E 5[], F
B 4816 TR 42 o) B, 2025(3): 43-45.

[6] #hpi. SHHELEAWD FREEHEREFLD]. v &
TR K 5, 2025.

[7]1 3 7%, FRER, TRAPME, 55 BIH B H BORALEE | )& RO
Be B S R [D]. F AR K FIR(T S RR), 2025, 55(6): 1834-1853.

[8] fE AR, Hh#, Buak, F . BAERE IS BIBLT F AR
SRR AT T[], AFE SE AL, 2024, 41(35F) 2): 59-69.

[9] ##kiE, # i, Bk, 5. K 0 BEAAKR LA T % & LB F ok
REEG AT R [I]. HHEFIR, 2025, 39(3% ) 2): 478-483.

[10] 75 3& F . TOR i 45 71 B0 8- 3 BT ot
iBAHE, 2018(6): 47-50.

[11] ZF L, SERME, L5448, F. /&5 X T BLAK D BT FR
PR AR ILALE[T]. A 55 B A, 2025, 42(8): 43-52.

[12] ) 2 Mg, MK, & T, 5. BB OB/ AR 4 KB SO W F ok R AR
BRAC[)). BRI, 2025, 54(7): 1914-1919.

[13] 4T, FReR, Mk, 5. FEH LA K& iAo 69 5% A 1

REIRM[T). ##ﬂ#%& 2024, 27(2): 114-120.

[14] 303%, F= ) 5%, BB, 5. BAKH LSBT N FH &AL
A SR T[T Ak TAZ, 2025, 41(5): 1062-1072.

[15] #A & . 44 i K AL & B 2 77 BOR 89 2 F AUk (D). 4@ M- g dR Ak
X%, 2025.

[16] T & B . I /PPA A Btk I 4 % A L 46 AR 2 [D]. & 7
J T K, 2024

[17] FRAF 2L 3718 9 F Rk R BRAT A 947 BBk A2 L0 % RUE A AE[D]
Ak WLIR LR A, 2024,

[18] %] #8 5 . SBR B2 SLAL I & A4 oA AE AR R (D). TR FR X
i K %, 2024,

[19] & oA Fa . it £ 5 kA4 @ MG AT 4 £ RAEFFR[D]. Ki&: K&
T K, 2023,

[20] A 3, A A&, 2it, . REmE 5 X T KRR TR B S
BEF 5HT[I]. ¥ sLad A, 2025, 51(1): 102-105.

[21] 5. W H A H 5 A F6 TR MAT A 5 TR B BF 50 [D]. 7~ M
X 5,2022.

[22] k%, x4, &, & SR GBI F 2 A0 5 B ALEE 57 []].

F 04 AL LE ) BAR R ALEL 5

Z[D]. %M 3

(PEAGIN AR

edE T

RS R, 2026, 55(1): 32-37.

[23] H#A, A 22, 25, 5 LA F0 SBR[ AR
FIR(H KA FERR), 2025, 46(6): 739-744.

[24] 70 & B, Ik, KK, F . B A S BABFRERRE
B[], #h kAR, 2025, 56(3): 3113-3120.

[25] 3R RUA, 2 mb, ok ok, 5 K T iR S 200 20 R Bon B 0 Fr 45
AT A[T]. AR FEFIR(TFRR), 2025, 55(1): 221-229.

[26] £ B R, 53k, #ae%, %  MSCR KIS R B AL & 50 F &
B AL AT, B mX, 2024, 50(4): 153-159.

[27] sE ek . A& T o 5 i & o9 5 PR I b & B R AT 2 [J]. ¥ 3R 3L
@AHL, 2025(10): 69-72.

For R LA M



