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mechanism by which they affect aggregation is relatively understudied. In order to clarify the nature of interac-
tions between polymers and asphaltenes in aliphatic solvents, systematic molecular dynamics simulations were
employed to test several organic polymer structures that were reported to be effective in previous experimental
studies. Bulk phase simulations with model asphaltenes with different functional groups revealed that several
particular structural attributes are effective for maintaining asphaltene dispersity while preventing full aggrega-
tion. A specific polymer was determined to be most effective due to its unique capability to occupy the active
stacking sites of asphaltene aggregates (i.e. aromatic cores), thereby preventing further m-m stacking of
asphaltenes. In addition, the favored polymer was shown to possess superior solubility in aliphatic solvents
and exhibit less chain collapse when compared to the other structures tested. Several suggestions are presented
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to provide insight to the design of more effective polymeric flow improvers.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

One of the most critical challenges facing the oil industry today is as-
suring fluid flow through ultra-deep sub-sea wells such as those found
in the Gulf of Mexico. Potential impediments include the formation of
asphaltene deposits in flow lines due to changes in fluid composition,
leading to significantly high intervention costs. Variations in fluid com-
position usually occur due to mixing with lighter oils or release of light
alkanes near the bubble point pressure. Since asphaltenes comprise the
heaviest and most polarizable portion of crude oils, they tend to aggre-
gate into nanoscale clusters that constitute the building blocks of floccu-
lates in aliphatic media [1]. Flocculation is a kinetic process that occurs
as soon as asphaltene aggregates are destabilized [2]. As a result, effec-
tive chemical inhibition strategies should target asphaltenes in their
early stages of aggregation in the bulk phase. Several polymeric disper-
sants have been used in the past to prevent asphaltene precipitation due
to their wide array of possible functional groups and relative ease of
production. In general, the structure of these polymers consists of two
main parts: (i) a polar organic backbone with functional groups that fa-
vorably interact with asphaltenes, and (ii) aliphatic chains that provide
sufficient solubility in alkane solvents [3]. Among these polymers, two
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classes were particularly investigated in the past, organometallic and
organic.

1.1. Organometallic polymers

Hernandez-Altamirano et al. studied a class of organometallic poly-
mers that were shown to be effective as bactericidal corrosion inhibitors
and asphaltene dispersants [4]. They synthesized a butyl substituted
bis-di-organotin (IV) compound that showed the best efficiency at
curbing asphaltene aggregation, resulting in nearly 30% reduction in
asphaltene aggregation at 0.1 g/L dispersant concentration in liquid
heptane. As in other studies, the n-butyl chains were presumed to be re-
sponsible for enhancing the steric repulsion between the asphaltene ag-
gregates [4,5]. Li et al. also used an organometallic polymer to enhance
upgrading effectiveness in heavy oils. The cupric-grafted polymer com-
binations enabled the enhanced cleavage of C-C and C-S bonds while re-
ducing the viscosity of the mixture, which was noted as an indication of
the enhancement in asphaltene dispersity [5]. A positive correlation was
observed between increasing alkyl polymer side chain length and the
effectiveness of the polymer in dispersing and cleaving the asphaltenes.

1.2. Organic polymers

Polymers containing both aromatic portions as well as strongly polar
functional groups such as amide or carbonyl have been quite successful
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Fig. 1. Polymer structures studied in the MD simulations.

for preventing asphaltene precipitation [6-8]. Ghaffer et al. tested a se- [6]. The oil mixtures in toluene were slowly titrated with heptane to in-
ries of propoxylated dodecyl phenol formaldehyde polymers with three duce precipitation while the light absorbance was measured. The results
different molecular weights using heavy crude oils in heptol solutions showed that the onset of asphaltene precipitation increased with
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Fig. 2. Asphaltene models used for simulation.
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