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Tab. 1 Basic properties of the modified asphalt
Properties Unit Results
Penetration(25 °C) 0.1 mm 67.2
Penetration index -0.9
Ductility (10 °C) 0.1 mm 93.0
Ductility (15 °C) cm >150
Soft point °C 47.0
Fraass brittleness temperature °C - 11
Flash point °C >300
Density (pycnometer method) g-cm’ 1.043
60 °C dynamic viscosity Pa-s 202
Tab. 2 Basic properties of the degraded rubber
Properties Units Test standard DRI DR2 DR3
Sol content % ASTM D471-16a 71 60 45
Mooney viscosity (ML (1+4) 100 °C) ASTM D 1646 14 36 65
Pellet diameter cm 0.7 0.5 0.5
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Tab. 3 Type and content of modifiers
Samples Modifier type w(Rubber)/% w(SBS)/% Sulfur/%o
MA1 DR1 30 1.5
MA2 DR2 30 1.5
MA3 (C30) DR3 30 1.5
CI15 DR1 15 0.8
C25 DR1 25 1.3
C35 DRI 35 1.8
C40 DRI1 40 2.0
S4 4 1.3
C05s4 DR1/SBS 5 4 1.6
C10S4 DR1/SBS 10 4 1.8
C1554 DR1/SBS 15 4 2.1
C2554 DR1/SBS 25 4 2.6
CMA CR 30 1.5
Tab. 4 Basic properties of modified asphalt
Samples Softening point /°C Ductility(5 °C) / cm . Fraass Penetration
brittlenesstemperature /°C (25°C)/0.1 mm
MA1 74.0 18.2 -21 59.2
MA2 73.4 19.3 -27 70.1
MA3 (C30) 75.0 25.0 <-30 78.3
C15 56.1 23.8 -239 70.8
C25 63.9 24.1 -275 78.1
C35 87.2 254 <-30 80.2
C40 93.8 26.0 81.6
S4 80.3 35.6 -20.0 63.5
C2554 91.6 432 -275 68.9
CMA 79.1 26.2 -28.0 80.2
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Fig. 1 (a) Viscosity-temperature curves and (b) viscosity-shear rate curves of base asphalt and rubber asphalt
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Fig. 2 Optical micromorphology images and schematic diagrams of microstructure of degraded rubber (DR) modified asphalt
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Fig. 3 (a) Molecular weight distribution curves and (b) component distribution column chart of the soluble

components of base asphalt and DR modified asphalt
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Fig. 4 (a) Viscous flow activation energy and (b) power-law index of base asphalt and modified asphalt
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Fig. 5 (a) Viscosity-temperature curves and (b) viscosity-shear rate curves of asphalt and DR modified asphalt
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Fig. 6 (a, b, ¢) Brookfield viscosity of base asphalt and modified asphalt; (d) Brookfield viscosity of C25
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Fig. 7 (a) Viscosity-temperature curves and (b) viscosity-shear rate curves of base asphalt, SBS modified asphalt and DR modified asphalt

Fig. 8 (a) Phase structure model of SBS; (b) bi-continuous phase structure model for SBS modified asphalt; (¢) homogeneous
structure model of SBS modified asphalt (at high temperature)
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Fig. 9 (a) Viscosity-temperature curves and (b) viscosity-shear rate curves of DR/SBS hybrid modified asphalt
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Multi-Scale Characteristics of Processing Viscosity of Rubberized Asphalt

Xiaoxiao Yu'?, Shanshan Wang', Wei Yu', Shifeng Wang'
(1.School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Road and Bridge Group Co. LTD, Shanghai 200433, China)

ABSTRACT: The suspension system of rubberized asphalt causes high processing viscosity, leading to energy
consumption, pollution and variation in engineering application. The pre-degradation of crumb rubber promoting
the formation of colloid structure can significantly reduce the viscosity of rubberized asphalt. However, the
viscosity as function of size of crumb rubber is still unclear. In this study, the effects of degradation degree, dosage
of rubber and modifier type on the viscosity of degraded rubber modified asphalt, and the sensitivity of viscosity to
shear rate and temperature were studied by analyzing the multi- structure of rubberized asphalts including its
composition, morphology and molecular chain. Results show that the preprocessing (degradation) of rubber
improves its dispersion in asphalt, increases the content of sol in the matrix, and decreases the content and size of
gel particles, leading to the decreased viscosity with the increase of the degradation degree of rubber. Moreover,
the viscosity of rubberized asphalt increases with the increase of the content of rubber. As the content is 35%, the
gel particles contact with each other and form a net, the viscosity sharply rises. The degraded rubber modified
asphalt has obvious rheological shear sensitivity and relatively weakened temperature sensitivity. In addition, the
deeply degraded rubber/SBS hybrid modified asphalt has high shear sensitivity and temperature sensitivity.
Accordingly, the processibility of rubberized asphalt could be improved by the combination of heating and
increasing shear rate (vibration frequency) in engineering applications.

Keywords: rubberized asphalt; degraded rubber; processibility; viscosity; rheology



