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The aging mechanism of asphalt binder is one of the most important
challenges in pavement structures, which causes hardening and
oxidation of the binder. Although the incorporation of rejuvenators is
the well-known method to mitigate this problem, finding optimal
dosage of rejuvenators is an important challenge. Previous studies
mainly determined the suitable dosages of rejuvenators based on
penetration grade and softening point values, without paying attention
to the chemical characteristics of the binder and rejuvenators. In this
study, three different rejuvenators including waste cooking oil (WCO),
waste engine oil (WEQ), and aromatic extract oil were used. This
approach aimed to restore the aged binder's properties and address the
existing environmental concerns regarding the disposal of waste oils.
The polar components of surface free energy (SFE) were evaluated
alongside penetration index and penetration grade values to calculate
the accurate dosages of these rejuvenators. The optimal dosages were
also determined by employing the response surface methodology
(RSM). After identifying the optimal dosages, the resulting samples
were analyzed by using Fourier-transform infrared spectroscopy
(FTIR). At this stage, four chemical indices were used to measure the
influence of polarity of rejuvenators on binder. The results showed that
aromatic extract oil could reduce the carbonyl index by about 60% and
the sulfoxide index by 67%, as the most effective rejuvenator for
decreasing these indices. Waste cooking oil showed the highest
performance for modifying maltene-to-asphaltene parameters and
oxidation, for increasing the maltene-to-asphaltene ratio by 114% and
reducing the oxidation ratio by 68%. In contrast, waste engine oil, as
the least effective rejuvenator, increased the maltene-to-asphaltene
ratio by 74% and reduced oxidation by 55%. These results revealed
that optimization based on rejuvenator polarities has significant effects
on resorting the binder characteristics.
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