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Introduction
Asphaltenes are the heaviest, most polar and aromatic constituents of petroleum [Sheu and
Mullins, 1995] crucial to the formation of highly-stable water-in-crude oil emulsions (WOEs)
[Sjoblom et al., 2003]. Asphaltene ‘monomers’ are highly-polydisperse [Andreatta et al.,
2005]; a generic molecular structure comprises a polycyclic aromatic hydrocarbon (PAH)
core(s) and aliphatic appendages [Sheu and Mullins, 1995]. Asphaltenes create a rigid ‘skin’
around water droplets when present in nanoaggregate form, which maintainins stability of the
emulsion matrix [Jeribi et al., 2002]. We use high-precision ultrasonic velocity measurements
to study asphaltene nanoaggregation in toluene. When measured as a function of asphaltene
concentration, sound velocity detects nanoaggregation as an intersection of two linear
behaviours (Figure 1) [Zielinski et al. 1986], corresponding to the critical nanoaggregate
concentration [Andreatta et al., 2005]. We discover variability around the asphaltene
aggregation point which has not yet been studied in detail. This variability is attributed to the
polydispersity [Andreatta et al., 2005] of the asphaltene fraction. We propose asphaltenes to
aggregate within a critical nanoaggregation region (CNR) which we estimate using statistical
constrained optimisation. The coefficient of determination 𝑅" is used to evaluate the fit of
linear models [Zielinski et al., 1986] in monomeric and nanoaggregate concentration regions.
Nanoaggregation of asphaltenes is governed by steric hindrance between alkyl appendages and
𝜋 − 𝜋 attraction between PAH cores [Buenrosto-Gonzalez, 2001]. We treat asphaltenes using
ruthenium ion catalysed oxidation (RICO) to obtain structural information about their
appendages and alkyl bridges between aromatic units [Peng et al., 1999]. An associative
relationship is found between structural RICO information and the CNR properties.
Results
Figure 1 illustrates ultrasonic velocity measurements of four different petroleum asphaltene
samples in toluene. In general, asphaltene aggregation behaviour was found to have an
association with the degree of steric hindrance and aromatic branching. An increased
proportion of alkyl appendages and decreased aromatic branching correlated with a higher
variation of speed of sound within the CNR and lower 𝑅" of the fitted linear regressions. For
example, asphaltene E1 (plot (a)) has the lowest proportion of alkyl appendages and the highest
𝑅" for both regressions with the narrowest CNR. In contrast, E3 (plot (c)) has highest steric
hindrance effects and the lowest proportion of aromatic branching, accompanied by the highest
variation in ultrasonic velocity around nanoaggregation and the lowest 𝑅" in both regions.
Similar associations are found for the remaining samples. It may be observed that the width of
the CNR (red shading) is highly-varied across the four samples. In this study we present
combined data from ultrasonic velocimetry, mass spectral measurements and statistical
modelling to approach some of the unresolved questions about asphaltene nanoaggregation.
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Figure 1 Ultrasonic velocity measurements of asphaltenes E1, E2, E3 and E4. Green, red and
blue shading represent monomer, CNR and aggregated regions respectively. Dashed lines
represent the estimated linear models, derivation is given in Zielinski et al., 1986.
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