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Introduction

Hazardous materials, such as waste from various fields,
including polymers and sludges, can be released into the
environment and cause great damage to the ecosystem
and all animals, even humans. Consequently, the reuse
of these materials as dirty gold in various industries has
been considered. Bitumen, as an inexpensive liquid, is
one of the most important materials in the oil industry,
which is used in various fields, especially roofing and
pavement applications. Various reports on improving
the properties of bitumen using different materials,
such as several polymers and non-polymer materials,
have been published so far. Costa and coworkers
used polyethylene and rubber powder to improve
the performance and structure of bitumen [1]. Other
low-cost nonpolymeric waste materials, including
engine oil [2], vegetable oils [3], aromatic oils [4],
phospholipids [5], window, blind, and cable waste [6],
and nonclay [7] have been applied as modifiers for the
bitumen mixture. This study can be considered a novel
method due to the following points: Firstly, as far as
we know, no previous research has been carried out on
the use of oily waste sludge (WS) from the oil refining
process along with waste polyethylene (PE) and
micronized polystyrene-butadiene-styrene (SBS) to
modify bitumen composite characteristics. Secondly,
previous studies have exclusively focused on classical
optimization techniques. In classical optimization, such
as one factor at a time, interactions between factors
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cannot be investigated, and the probability of being in
a local optimal condition is very high. The first goal of
this project is to improve the physical and rheological
properties of the base bitumen (PG58-22) using
different percentages (As treatment combinations) of
waste polyethylene (PE), oily waste sludge (WS) from
the oil purification process, and micronized styrene-
butadiene-styrene (SBS). The use of the efficient
chemometric method for the optimization and modeling
of several processes has attracted the most attention
in recent years due to their ability to achieve optimal
global conditions simultaneously for all responses. In
our previous studies, several chemometrics methods
were employed for the optimization and modeling in
some fields. In this study, integrated variance optimal
mixture design was used to optimize base bitumen
modification conditions with the aid of oily waste
sludge and waste polymer modifiers simultaneously,
which is the project’s second goal.

Materials and Methods

The raw bitumen was obtained from the vacuum bot-
tom of the Tehran oil refinery (Iran) and converted to
the base bitumen (PG58-22) through air blowing. The
modified bitumen composite was prepared in a stain-
less-steel shear mixer (2 L) with a heater at the bottom.
The total mass of the mixture, including the base bitu-
men to all additives in the mass ratio of 22:3, was 1000
g. The independent variables, including PE, SBS, and



WS, were optimized based on the several responses
such as penetration (Pen), softening point (SP), ductil-
ity (Duct), retained penetration after short-term age-
ing (rPen), and change of mass after short-term ageing
(CM). The integrated variance optimal mixture design
(I-OMD) was used as an RSM method to optimize the
modified bitumen conditions using Design Expert]2
software. In this project, 17 treatment combinations
(randomized runs), with three replications, including
six needed model points, five lack of fit points, five
replicate points, and one additional center point, were
performed to obtain the optimal conditions to modify
the bitumen composite characteristics

Results and Discussion

According to the results obtained from ANOVA tables,
the special quadratic model for Pen, the special cubic
for SP, the cubic for Duct, and the quadratic model
for two responses, including rPen and CM, were
significant (P-value<0.05). The lack of fit values
were non-significant (P-value>0.05) for all models.
The linear mixture, including PE, SBS, and WS as
the main independent factors, was significant for all
of the responses in each model. The only significant
interactions for the penetration and softening point
responses were ABC? and AC, respectively. All of
the interactions for the Duct response and the only
AB interaction for rPen response were significant.
The binary interactions for the CM response were
significant. The results for five responses are assigned
as the normal plot with an approximately straight line.
Under I-OMD optimal conditions, the amounts of
independent factors such as PE, SBS, and WS were
3,5, and 4% (w/w), respectively, and also, the values
of Pen, SP, Duct, rPen, and CM were 51 dmm, 64°C,
27 cm, 83%, and 0.07%, respectively. The addition
of PE and SBS significantly reduces the penetration
and increases the SP response factor, producing a
harder bitumen composite than the base bitumen and
decreasing sensitivity against temperature. Naturally,
these changes have shown their positive effects on the
ageing of the bitumen composite, so the rPen value
increased by 2%, and CM values decreased by 0.05%
compared to the base bitumen. The values for rPen and
CM for modified bitumen due to short-term ageing
indicated that the value of rPen is higher and the value
of CM is lower than that obtained for the base bitumen.
In addition, due to the use of ternary modifiers, the
ductility of the bitumen composite at 10 °C was higher
than the base bitumen, about 23 cm, which caused a
significant effect on the low-temperature efficiency of
modified bitumen.
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Conclusions

The results obtained from this project showed that the
integrated variance optimal mixture design (I-OMD)
as a chemometric method has a suitable ability to
obtain optimal mixing conditions for the preparation
of modified bitumen using the base bitumen (PG58-
22). In these circumstances, the rheological parameters
of the modified composite were reached to the
characteristics of PG64-22 bitumen. Consequently, the
results obtained show that the use of small amounts
of hazardous waste improves the rheological and
physicochemical characteristics of the base bitumen
and turns it into PG64-22 bitumen with better quality.
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