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Performances of aged SBS modified asphalt regenerated with SBR and bio-oil

and the regeneration mechanism
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Abstract: [Purposes] After aging SBS (styrene-butadiene-styrene block copolymer) modified
asphalt has some problems such as hardening embrittlement of matrix asphalt and degradation of
SBS polymer. It is difficult to recover the properties of aging SBS modified asphalt effectively by
traditional regeneration methods. In order to effectively restore the pavement performance of aged

SBS asphalt, SBR (styrene-butadiene rubber) and bio-oil were used to regenerate the aged SBS
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modified asphalt. [Methods] Firstly, the aging SBS modified asphalt was prepared by indoor
simulated aging test, and the composite recycled asphalt was obtained by adding SBR and bio-oil
into the aging SBS modified asphalt by high-speed shear instrument; Then, the recycled asphalt
was tested for three indexes and rheological properties at high and low temperatures; Finally, the
mechanism of asphalt regeneration by SBR and bio-oil was investigated by infrared spectroscopy,
atomic force microscope and fluorescence microscope. [Findings] The overall properties of
recycled asphalt blended with SBR and bio-oil are better, and the complex shear modulus G of
recycled asphalt decreases with the increase of regenerant content. After the regeneration
treatments, the recucled aphalts show reduced stiffness, restored flexibility, inproved stress
dsspastion ability, decreased brittleness, and enhanced low temperature performance. The
composite regeneration with SBR and bio-oil can supplement the light components of aged SBS
modified asphalt. The ratio of asphaltene and colloid decreases after mixing SBR and bio-oil, and
the light components can inhibit the wax crystallization of bee structure. The fluorescent substances
of recycled asphalt increase greatly and distribute more densely, and the toughness and viscosity of
aged SBS modified asphalt recover significantly. [ Conclusions] The recommended content of SBR
and bio-oil to restore the properties of aged SBS modified asphalt is 6% and 5%, respectively. This
study provides a theoretical basis for the recycling of aged SBS modified asphalt mixture.
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Table 1 Test results of SBS modified asphalt
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g R
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Fig. 1 SBR chemical structure

B2 SBR B3 As

Fig.2 SBR

F2 SBRAILMEAEIR AR
Table 2 SBR latex performance indexes

Fig. 3 Bio-oil

PR b 4k
IR 5 15k 5350 % 55~ 65
FiE/(MPa-s) 50 ~ 80
pH 7~9
P (145 °C)/MPa 222
IR LN T 5 B % 22 ~28
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Table 3 Bio-oil parameters
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Fig. 4 Flow chart of preparation of recycled SBS modified asphalt
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Fig. 5 Frequency sweep results of different asphalt samples (10 rad/s)
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Fig.7 Creep stiffness modulus of asphalt samples at
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Fig. 8 Creep rate of asphalt samples at different
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Fig.9 FTIR spectra of SBS modified asphalt and asphalt
after PAV long-term aging
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Fig. 10  FTIR spectrum of recycled asphalt
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Fig. 11 The 2D bee structure of different asphalt samples
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Fig. 12 AFM 3D images of different asphalt samples
AP 11 (a)~11(b) Al 1, & 4L Z i 1 SBS Bk
W RSB, A O A s PAV K
A 5 %) S AR 2 A Y S 3G K A A AR AR A
i# 1:F NanoScope Analysis A0, 5 11 AR E]
U Y 2D SR ES R I B B BEAT 15 AR
L AR SEHTA 4 WA AR R 2
KEEMN2.24 pm K E] T 2.58 wm 3K T 15%
R4 FRBFEDHREMFHRELR
Table 4 The 2D bee structure average length of different
asphalt binder

HIREREIES WEREEH K um
SBS S 7 2.24
PAV KM 2 A5 2.58
PAV+10% A= 40h Wi 75 0.92
PAV+6%SBR i 1.16
PAV+6%SBR+10% 2L 4 i 75 2.22

TEE 12(a)~12(b) Hr, SBS B I 7 IR 45+
1) $5c e A LE PAV KB 2 AR 75 1 R B T 9%, A\
56.90 nm F RS T 51.60 nm. A0 4 5 B 2 T
A, B SBS BlcME I T 1Y 43 45 48 1 2 T Bk IR
WERGOCSEE T YR, BT R KA
T, R BB U R T P RE A IR A
REEPERE A T ARk .

PAV K205 ek &5 4 B B A8 /D 7
PAV K2 AL 5 rh B0 10% A= Y5, gtk
SE RS K R PAV KB AL 4 T
64% , TE 33 R SF 28 20 wmx20 wm B 57 7 4%
5% 3D BEHME H LT B A B R 25 44 5 48 0 6%SBR
19 PAV K 12 10 00 75 10 16 HR 235 4 1 °F- 359 K B 4
PAV KW EALTI & AR T 55%. HHXFF PAV K
122 A0 7 0 TR S5 R 1 B e 1 56.90 nm, B
T 10% A= 430 ( PAV K 30138 10 0 75 110 w4 tR 45 44 11
I R WA R 19.00 nm, FFET 67%, %11 6%SBR 11
PAV K 3% Ak 1 75 1 i = W 34.90 nm, T [
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BRI, SBR 5 A iy it R LA AL SBS OV 1 AR A ALIZ AT 5T 47

T 39%. PAV+6%SBR+10% A ¥y3 Ak P i 3
AT Z W EIR G, B — BE AR S5 40 - S K
220 wm, 5 K Z 4k SBS B W 9 2.24 pum
A

T IR 5 4 T S LAY A A R R
T RN T, Vet R 43 18 F2 B A3 R 05 A 43 A
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#NFE T PAV KB & h R B o), (15 5
T 5T R S5 7 8 Jo 26 43 v A AT AR A A3 H, Wb T
W o R e ) AT 2R

i £ NanoScope Analysis 2473 #7115 3] T SBS
SIS S PAV K E AT B F SRRE B R, S
VIR HREE R, BRIV 5,

R5 SBSECMEWH A PAV K I AT F 4 dLkE A
Table 5 Roughness of SBS modified asphalt and asphalt

after PAV long-term aging nm
R S R, R,
SBS Bt 4.61 7.07
PAV K AW 75 3.16 4.63

1 5 R0, SBS e ME I 19 R, & R, L PAV
WA R, PAV KT 9 R, B R 55
SBS BRI 14 43 BRI T 31% F135% . RLKE FE
RS BRI Z KA — R . A
2 A A5 7 2R T A RDRS B B AT, DA BRI T U
T 1Y TRE , 2 1AL B BB PR s i .

PAV+10% A= ¥l i 5 . PAV+6%SBR Ui & &
PAV+6%SBR+10% A9l & I R, 5 R W3R 6.

R6 B E AR
Table 6 Roughness of recycled asphalt nm

HIREREES R, R,
PAV+10% AWM & 2.86 3.63
PAV+6%SBR i 3.47 4.22
PAV+6%SBR+10% £ 9y i & 4.43 5.83

Sy AT 6 AL, A X F PAV K B E AL,
PAV+10% "= W0l Wi 5 (14 R, F1 R 43 BIBEAIK T 9% F
22%; PAV+6%SBR ¥ 5 i R 42 Tt T 10%, R, [ A%
T 9% ; PAV+6%SBR+10% = W) I 7 1) R, R R 5%
SR TE T 40% F26% , He R, F R, 35 R oK & Ak
SBS U T 1Y 96% F182% o

AR BRI, B AR o AR v SBR FILAE 1 AR
I8 T W R AL Ay, WA RN T A L
BREAR T , FLER 041 50 X R 445+ 1 s &5 S A
TV, WK 205 40 1 e (1t A JOr AR AT, DT 90 75 1)
FELRE ARG T

223 MEH

ABE G S BB T R AR S Ak
Wit AR M IR 25 B AN 18 13 s (W f5 50k
1001%) o

M T A 58 ok A & T 2 b SBS Bk U
T, SBS AW LA A i HL o A 457 B 13 B
7N I 5 WU T O MR A B B
JUF A MR . Gt K2 s , st

LIS 1M A2 A5 B K, LT 2 BEMI A

(a) SBSUPEDIT

(b) PAV KLU

(¢) PAV+10% "= 410 % 75

(d) PAV+6%SBR i
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Fig. 13 Fluorescence microscope images of different

asphalt samples
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