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Influence of SBS Swelling Degree on Rheological Properties of
Modified Asphalt and Its Internal Mechanism
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(School of Transportation Engineering, Shandong Jianzhu University, Jinan 250101, China)

[ Abstract] Due to the unclear constitutive relationship between the structure and performance of styrene-butadiene-styrene block
copolymer( SBS) modified asphalt, the current way to improve the performance of SBS modified asphalt is still to simply increase its
SBS content. However, early pavement diseases are still frequent. To explore the effect of swelling degree of SBS on the rheological
properties of modified asphalt and its internal mechanism without increasing SBS content. The microstructure of SBS modified asphalt
was observed by fluorescence microscope. The conventional properties and rheological properties of SBS modified asphalt were analyzed
by dynamic shear rheometer. The internal mechanism of the influence of SBS swelling degree on the performance of SBS modified
asphalt was revealed by molecular dynamics. The results show that the fully swollen star-line blended SBS modified asphalt has a higher
swelling area, and has obvious performance advantages in terms of conventional performance, rheological properties and anti-aging
properties. Molecular simulation shows that the complete swelling of SBS makes the radial distribution function peak of SBS modified
asphalt higher, which improves the interaction between SBS molecules and light components in SBS modified asphalt. On the basis of
maintaining the original stable asphalt colloid structure, SBS styrene ends are interconnected to form -7 conjugate, which improves
the toughness of SBS network.

[ Keywords]  styrene-butadiene-styrene block copolymer ( SBS) modified asphalt; swelling network; microstructure; rheological

properties ; molecular dynamics; molecular interaction

TEWE BAPEOUR, KO WE-T MBIt Ry BB A XGHARIE 5 A8 P v iR, i i B2 A9
(styrene-butadiene-styrene block copolymer, SBS) i IR i (polystyrene , PS) FIER BT — M (poly-
PRI AR T M AT AE B FEE T 465 R butadiene PB) 41AL. MiEE SBS SPIHIR A, PB
AR SR ERTAR R W R R RO i, SBS WIS T R AL Ay R AR I T PS FEARRAE | A

W5 HHA . 20240902, &iTHE]: 2025-04-27

E€WA . ILARE B RFHFH4S (ZR2023ME037)

E—1EH . KT (2000—) , 5, BU% , IR TR B-HF5EAE . WF5E BT A RL . E-mail : wo775779361@ 163. com,
CEEEE . EM(1984—) o, DU, B AL T R . RS 1) BT KL, E-mail : wangpeng0462 @ sdjzu. edu. en,

¥ F5 M HE - www. stae. com. cn



2025,25(20)

SKIFH, 2 - SBS 1 MR L X S 0 7 AR M BE R g S A AL 8675

TIAED T B R WSRO 50 B = i M 25 451, Bl Rk
T T RIPUR T RE ST . AR, PR S TR RE
Z AL SC R AN AR, B H 4R & SBS 1Y A,
R e e Wi 7 T B s 8 T bR o, 1543
TR T APEAS R, EHLAE R i e AR i AR 2y
B R T AU

FIHT, 2 T2 T 90 WU R R 2 Hh 1 ik
FBE 5] 43 BORRL R R AE S 800 9% SBS Bk
VAT O S AG 5 2 R R Z TR B R T BRI AR
S JEEESEY RSO i | sh A BT I AR Y
WLEH | 47 E 1Y S TOE 25 2 80T DU B b X 414k
T RO AR WLME RE AT WO, pE A AR
Qian %" ST K BH, SBS 45 & M HAE Wi P 1 s
I3 FORE P 2 S P I B I AR MR HX AP OC R
AR DTEK R i AN W, i 52 AR T X6 SBS Bl v i)
T PEREGE AT , T BEA 2R S8 IR AT 58 52 Wi H:
PR ERE R INTEAILEE

41 F8 7127 (molecular dynamics, MD ) J&— 155
RIG T B2 B T4 AUk i o 7z nl A
MG b AR I T Y 43 58 EAE RN oK
ZERE AN Yang VSR 4y 8 Sy O T
BT 2l RARCIGHR - T -8 Wik Bk
KUY EETERE, UESE T MD FEM BRI LR AT
Mo ISR X3 AE I T b 0 AT T
FRGiLEA, Wheeler ™ 3CTF SBS 5T 44 Z 22
HAER, A SBS AHIY 73 A 5 SBS 1Y 7 it %5 DI AH
KT BRI Wi R SBS S A AT 2 Al
SEHAEF TSNS W 1 i AL PR AR, (E AN B
TE—7E SBS &t 0L T Y SBS WK I HeRZS R H s v
WG o2 HAE IR LA S HEREZ IR DGR

ST, NERE SBS MU T 2 WL BE -5 ROW
YKL, )] SBS 4 ik e I3 o) LB 1 0 75 U 2 1
RE RS2 MR S N TE 19 53 1 38 BAR HIPLBE, fif e LA
SBS P 0 75 P B T dald R 5 40 s T AU £ )
B, e, PO U S, LSS TR K AR
JET D B OUL S K, O i WL RE X 1L,
3BT A [R) i R AR BT % R 2 LR Y SBS el M U 7
PERERSZ I s A 23 3h 1 258 SBS Bt 1Y
KGR RRAE AL HE R D 7 1Y AR S5, SBS 737
PR EL, SBS RIARZS A, T 1 SBS Z IR LA K SBS
SRS Z R RV IR A LN 7 2 TR
W25 A5 4518 1Y T SR

1 EXRHREXTTE

1.1 SRIGHE

KHIFFE 70 #2EnE , PEREE 1 PR,

x1 FE70#ERHEEMIER
Table 1 Basic indexes of Qilu 70 # matrix asphalt
WitE AFABE(25 C)/ Bkl HERE(IS C)/ BEERE
ik 0.1 mm < cm (15 C)/cm
& 70# 69 48.3 > 100 5.2

5% SR TR A SBS e tE I, 6 AR Al 1L
T 6302-SBS HrPE A, £ AR H o A1 1k 4303-SBS 2
PR, R R R K B e AS i AR e R, R H
ARG T A el 0 7 0 85 B8, Y R A oy 3 T
BAYEIRFREE . YEH Al6 1ERAMNRF, FELIE T
B3R, REE RS FREE.

1.2 SBSHImEH&ERARIE
T S P AR I BB 48 4 FPOAS [R] i IR
() SBS MW, 43 R LR X FURE A, 58 4V K
Foi, TRV KRR i B A T IR S, O LR AT e
S TSR AR 7 0 2 A AR A5 0 1k
Foin, ELR SBS Bl T il g r ik R

(1) ¥ LT AR oI E R R,

(2) (EF B UIALEAT 5 10, 8 B 45 I AE (175 +
5) °C, 45IYIH#AREF 4 000 r/min B}, [ 3 5
BN AY SBS Motk I LAY SBS BRI 5 AR
7, 5547 30 min,

(3) B PEFEAL, IR 2 R 177 C | PP
TR , L1 800 1/min B 00 PE 3 R ) R I A
W B AR e I EFE 2.5 by
1.3 Wik FAE
1.3.1 RAERHE(FM) X%

AT H B R AE SBS Bk B A
A BT 7, SBS AH i FH A RR I &540 , S i (o
G, F FH 2 b AR BE mT LAY WBT 000 1 X0 2% 2] 1 A
SER B o A, XFOSBS Y ¥ KRR B O AT E B4
Bt HOn T3 B % 4T SBS T AL LT
B2 ST SBS RUTAIKARE . W84 Fh SBS Btk
HIOC BB, I MATLAB 4k {4 4b B¢ 56
TR 2] SBS UL 75 I 1 AL, Xk H AT X6 B 4 BT
W% .

1.3.2 AT AR EA(DSR) K

225 55 U i A2 {X ( dynamic shear rheometer,
DSR) &P i 43 AL & P i A8 1 i — il R 132 4%
ALGT T AT e AR BT oy A R, TR
BRI R B R R AE 52 ~76 C |, [AIBE 6 °C , #ii %R
[ (10 rad/s) , & HI P30 T i 2, SR
RIS R P I AE 45 ~75 °C |, JA]B& 10 °C , Hi% 1.0 ~
100 Hz , H XA 5 H B 04 7 A P, 22 Wil S H50pi i
Fhik, BYISLIREAE 60 °C &M T RRLetE i 60 s
BYYIEN 2 T AE T, SRIN B BT U,

¥ F5 M HE - www. stae. com. cn



B AR
8676

Science Technology and Engineering

5 1T B
2025,25(20)

AR (1) TR LS SREE AR SBS UM 7 4R HE
P 28 25 K AN BB 1) BE

1=§ (1)

A1) H T LR B S, A By U 6 A(H ; S, b BY
VIR 777K
1.3.3 &5 F3h A 5488

SR A 2T W 1 4 TR, DL DY AR
WG M A SR TR, X T s
B T ] Forcite AUBRFEA TR, 75 2145 5
B TR | o #7 FL A% ) 3 pR B S 3 T i R
TR 1) 3 AT BRSO LA ZR e R0 D i, DAL R (R0 -
FAPAR R r BRI PR T H B AR AR T o0 B
FFIRERS, W B IR R N A kLT
St —ERTR G, A S 0 I B 5 A kL RS Bl
B AT ZE T AR T TR IR R N B8
MR,

2 HRSUR

2.1 SBS MiE S SBS WAKEELS

fili DG AR E AT 8 NMRE Al A TR0
JESUWI , aniEl 1 Fros

T 4 AR T ) S £ A5 2] SBS AN ] i
RS, B AR B = A3 T, SBS T ik FE % 40
HE . B 1(a) B 1(b) ATRVE ), 58 i IR
T SBS SrAn ) K/NEARL, S HORR BE | 25 25 4
RERIHRLF, K1 (c) RUIF T SBS F22H 43 W i
A Tek e ik, It SBS Bk K /NA ], HAr
B BE 2% I8 1(d) H SBS ik /NS A B IR 4 B
TR, ZE Pt B, B 1 (e) ~ &l 1(h)
RIS ZACTTRAEAB L, A B BIS AL 3R A 53 Bt
B 1 RS CHAT b7 He ], Ak an e 2 fios

40r 140
R £ AR B2 AR —— RIS

1
(=]
T
9%
(=1

|
%%
XRXN

TERIEEU %

029

%
XL
XA

WAKTEAR o Ee/%
8

Padal
XK

STIIIIZLR
bt

O
ey,
XXX

oo
029
o

=]
T

Rz
o,
XX

XS

202

—

IS

QR
0%
o

XX

X
o
o
X
676 A6
RoRoR tetetetatotototetetetetel

O
bt
XS
QD
%
X

X
e
o
X
0%
bt

90000
X

%

X

K
0.0,
SRS
R

o
X
0

X

ZS
X
5
X5
o,
%
2
o

ISR

QR
X
%%
R
Paa¥al

R 'wa%%%;%é%% T
2  SBS KRR

Fig.2  SBS swelling degree
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