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Mechanism of enhanced sulfur binder and structural mechanical

analysis of its mixture

CHEN Yanwen, BAI Tao, HUANG Xuan, ZHOU Xiaolong, WU Fan

(School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430000, China)

Abstract: In order to improve the moisture resistance and low temperature performance of Thiopave
modified asphalt mixture, dipentene (DIP) and sulfur were added and stirred evenly at high
temperature, followed by adding ethylhexyl acrylate (EHA) and stirred well at high temperature
around 140 °C. The speed of mixer was slowly increased to 1 500 r/min, and after reacting for 4 h, the
Thiopave particles were cooled to room temperature for pretreatment. In the meantime, the
modification mechanism and mixture road performance with its mechanical properties were
investigated comprehensively. The results showed that the sulfur molecular chain became longer after
the addition of DIP and EHA, the surface energy and polar fraction of the binder were increased.
Compared with the Thiopave modified asphalt mixture, the high temperature performance of enhanced

sulfur modified asphalt mixture was slightly reduced, while the moisture resistance and low
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temperature crack resistance were significantly improved. As compared to the unmodified asphalt

mixture pavement, the total vertical deformation and deformation contribution rate caused by the

surface course of the reinforced sulfur modified asphalt mixture pavement decreased significantly. It

was revealed that 1% DIP and 0.5% EHA are recommended as the optimum dosage to apparently

improve the road performance and mechanical properties of the enhanced sulfur modified asphalt

mixture.
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Table 1 Technical parameters of dipentene and isooctyl

acrylate
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Fig.1 Schematic diagram of sulfur modification process
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Table 2 Component to aggregate ratio in the mixture
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Fig.3  Scanning electron microscopy images
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Fig. 4 X-ray photoelectron spectrum of modified sulfur
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Table 3 Surface energy parameters of asphalt binders
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Fig. 5 Atomic concentration of elements on the sample

surface
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Table 4 Summary of experimental data
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Table 5 The structure and parameters of road structure

PRI )2 SRR gﬁ/ Rt AL
mm (kg-m™) MPa

N 40 2 600

SRS 60 2500

Tz 80 2450

R 200 2 000 12 000 0.25

THZ 200 2000 11 000 0.25

JEHEZ 200 2 000 10 000 0.25
+35E 6 000 1 800 60 0.40

F6 nEH@EMIAL

Table 6 Combination of asphalt surface layer materials

PRI A HE1 HE2 HE3
AC-13 AC-13 AC-13
a- [ 12

(HEFT) (Thiopave EitPE) | (EHADPS #tk)

et i 2 AC-20 AC-20 AC-20

- (HJR) €953 (RJR)

T AC-25 AC-25 AC-25

SRR Gem) (EF) (JET)
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Table 7 Dynamic modulus test parameters
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Fig. 6 Master curves of 3 asphalt mixtures
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Fig. 7 Vertical compressive stress at the center of the tire joint
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Fig. 8 Shear stress of road surface and bottom of each
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Fig. 10  Vertical compressive strain at the center of the tire
joint
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Fig. 12 Contribution of compressive strain deformation
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