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ALl sl

Jlnsl abki glos Gl Jlo 5 (g5ludda VY-
abi el sl x (ANOVA) bty Lo 51 ol b
L@.l.? L@L:J U"L‘N‘JJ ol sl el QLIS V J)J\> BL) JL&L}:‘
Juzdl abi s> b Ul s gme JINPO 25,
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) () sy g9 @75 gl ml
2 e
NPO ESO SOcp Mass Change (%) Flash Point (°C) G*/sind
\ 0 * * 1.3 286 10.9
Y v * * 1.4 287 5.82
Y 4 * * 1.7 285 5.53
¢ : 0 * 0.6 310 6.83
0 . \ . 0.5 300 4.88
1 . q . 0.4 308 2.98
v . * 0 0.6 308 5.82
A . * v 0.5 311 3.65
4 . * 4 0.3 309 2.49
Ve . * * 0.5 306 14.6
A 0 Q Q 0.7 325 7.5
Jlcil el gles s (5l 2 ANOVAV Iyt
fa Gilay 4 £ a4 (SS) @331 4,3 (df) Slag g;-<-'L:‘ (MS)  F-value  p-value Prob>F Candy
Model 935.32 3 311.77 16.90 0.0025 Significant
A-NPO 338.21 1 338.21 18.33 0.0052 Significant
B-ESO 1.40 1 1.40 0.076 0.7925 Not significant
C-SOcp 22.47 1 22.47 1.22 0.3120 Not significant
Residual 110.68 6 18.45 - -
Cor Total 1046.00 9 - -
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f Gilay 4 £ a4 (SS) 3131 a5 (df) Sla g;-<-'L:‘ (MS)  F-value  p-value Prob>F Candy
Model 2.12 3 0.71 76.23 <0.0001 Significant
A-NPO 0.76 1 0.76 82.15 0.0001 Significant
B-ESO 0.018 1 0.018 1.94 0.2136 Not significant
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Cor Total 2.18 9 - - -
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Mass Change (%) = 0.563%
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ABSTRACT

The use of bio-based and petroleum oils as additives in crumb rubber asphalt (CRA) is an effective
approach for improving the workability and performance of rubberized binders. However, the
influence of oil type on the thermal stability, thermal safety, and rheological properties of
alumina-modified CRA has not been fully clarified. This study evaluated three oils, including
epoxidized soybean oil (ESO), sunflower oil containing peel (SOcp), and naphthenic petroleum oil
(NPO), at dosages of 5%, 7%, and 9% by weight of crumb rubber. The investigated properties
were mass loss after short-term aging, flash point temperature, and rutting resistance (G*/sind).
Ten modified asphalt binders were prepared and analyzed using Response Surface Methodology
(RSM) based on a linear model. Results showed that NPO significantly increased mass loss and
reduced flash point temperature, whereas ESO and SOcp had no significant adverse effects on
these properties. Although all three oils caused a reduction in the G*/sind parameter, all samples
still met the performance requirements specified for standard asphalt binders. Multi-objective
optimization identified the formulation containing 2.22% SOcp as the optimum mixture, with a
desirability value of 0.735. The optimized binder was predicted to exhibit a mass loss of 0.563%,
a flash point temperature of 306.9 °C, and a rutting resistance parameter of 10.90 kpa.
Experimental validation showed prediction errors below 5%. These results indicate that SOcp is
capable of providing a favorable balance between thermal properties, short-term aging resistance,
and rheological performance of alumina-modified crumb rubber asphalt.

Keywords: Crumb Rubber Asphalt, Bio-Based Oil, Naphthenic Oil, Thermal Stability, Response
Surface Methodology
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