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Abstract: The effects of pre-swelling, compatibilization, and limited crosslinking on the wide-temperature rheological
response and surface microstructure of SBS-modified asphalt were investigated. A 90-penetration-grade base asphalt,
conventional SBS-modified asphalt, SBS/soybean-oil-modified asphalt, and SBS-D-modified asphalt were evaluated by
dynamic shear rheology, multiple stress creep recovery, bending beam rheometry, Fourier-transform infrared spectroscopy, and
atomic force microscopy. The temperature sensitivities of the complex shear modulus and rutting factor of SBS-D were 14.0%
and 13.8% lower than those of the base asphalt and 9.3% and 9.1% lower than those of conventional SBS-modified asphalt,
respectively. At 70 °C and 0.1 kPa, its non-recoverable creep compliance decreased by 30.2% relative to conventional SBS-
modified asphalt and remained the lowest under high stress. SBS-D also exhibited lower creep stiffness and a higher creep rate
at low temperatures. Infrared spectra indicated limited sulfur-related crosslinking, while two-dimensional atomic force
microscopy showed denser bee-like structures and enhanced microdomain fluctuations. Pre-swelling promoted chain extension,
petroleum resin improved interphase contact, and limited crosslinking stabilized the developed structure, thereby improving

the balance between high-temperature deformation resistance and low-temperature stress relaxation.
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Table 1 Composition and designation of asphalt binders

U iR RIBEY% A 3% SBS/%
A0 HERHE 0 0

Al SBS i 4 4.0

A2 SBS/K & e 5 #4138
A3 SBS-D P 6 43,7

1.2 AR

DSR2 3K 25 mm “PATH, BRIAIEE 1 mm, AR 10 rad/s, MR E N 46~82 °C, ]
K& 6 °C, AR EHETVIBE G*. MAMA & MM+ G*/sind. MSCR %R E A 58, 64 1 70 °C,
Sy AiEAN 0.1 A1 3.2 kPa 77, BEAMEIELEE | s MM 9 s kB, DA IR T E Jor ST
A R VR ARTE RS . BBR SR A 9-6. -12 M-18°C, Mk 60 s I AR Z BE S G
IR m. RII7EZS R ITG 3410-2025010,
1.3 MG HRAE

FTIR M HE 9 4000~500 cm™, i FFAEM SR 7 SBS 5 B A B Al S AH SS 4544
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Fig. 1 Temperature-sweep results of different asphalt binders
KM 1gG*=KiT+Bi Al Ig (G*/sind) =K.T+BANGIREMIN, S5R WK 2. H G HE REIYAIK
T 0.995. A3 (K| FIKEE A0 73 HIFEAK 14.0%F1 13.8%, % Al 2> BIBFAK 9.3%F1 9.1%, FH] SBS-
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Table 2 Temperature-sensitivity fitting parameters of different asphalt binders

Y K| R K| R
A0 0.057 0.995 0.058 0.995
Al 0.054 0.996 0.055 0.996
A2 0.052 0.998 0.052 0.998
A3 0.049 0.998 0.050 0.998

22 BEMNJIFBKEMERE

B2 R, Jo BEIRFEANS KT R, R WIRFEEREAIC. BEBHTE (£ 70 °CHI 3.2 kPa 25 1F
TNEAKEKERE S, USRS N ) B ERORFEATE . SBS Bt G Ju IR T RE. R B
REME SR —DEERE R, RWE T MEIKA R T REMEEBRAE S BUER%E. A3 18
AR E RN F1 7K R 3 B AR Joe AR R 70 °CH, He o A1 Joes2 2399008 1.295 1 4.368 kPa™,
Hor Juror B2 AL BRI 30.2%. 58 °CHY, A3 1 Roy Al R32 735l 41.63%H1 26.52%; iREFHZE 70 °Cla
VITRFF 14.98%F01 8.57%. TIAMKAE SBS HE B 7 70 e I, WA U 5k Rt maittese vk, it
BHE i S IVE R e BRGIAS TR AL TE
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Fig. 2 MSCR test results of different asphalt binders
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Fig. 3 BBR test results of different asphalt binders

2.4 FTIR 4347
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Fig. 4 FTIR spectra of different asphalt binders
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FaT5], R KGN SBS BERAT )G, W 205 5 U4 4 OIE B M HEBE e 43 A3 3R
MR AT EE, RIS SV R FBGE M, PRIXRARRHER A1 R A2 TEHR . ZTBSR U T
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(a) BRiHE (b) SBSEERE (c) SBS/KEMeEmE (d) SBS-DEEHE

K 5 REWHER AFM Z 457850
Fig. 5 Two-dimensional AFM morphologies of different asphalt binders
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