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Abstract: Asphaltene is a component of crude oil that, if mishandled, may create substantial trans-
portation and industrial concerns. It is a solid by nature, with a diverse set of molecular composi-
tions. Furthermore, the oil industry has identified emulsion generation and clogging precipitate as
key concerns. The emulsified water droplets in the process are just what give the raw oil its increased
viscosity; hence, power is squandered to transport the oil around. The information has been sepa-
rated into sections based on simulation, solubilization, agglomeration, precipitation, and evidence
of model chemicals in the literature. We have included research that investigates the bulk rheology
and interfacial rheology of asphaltene to describe its interfacial activity more clearly.
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1. Introduction

Petroleum fumes called asphaltenes are insoluble in n-alkanes but soluble in aromatic compounds *2; the most plentiful
substance in crude oil is asphaltene 3%, Molecules called asphaltenes can become problematic during the production, transportation,
and refinement of crude oil. Asphaltene is a solid phase that, under reservoir conditions, is homogenized and fixed in crude oil.
Contrary to the non-polar crude oil as a whole, it is one of the few polar solvent parts of crude oil®. Inside the papers, the molar
weights of asphaltene, the polyaromatic portion of crude oil, has been estimated to vary from 700 to 40,000 °, 1000-50,000 g/mol
10,3200 400 g/mol %1, and 300-1400 g/mol 2, to mention a few. Mullins et al.*® estimated that the most recent and likely figure was
somewhere around 750 g/mol. Solubility factors are a different method of defining asphaltenes.

Asphaltene can facilitate formation of emulsion in oil and water through formation a layer at the interface. This skin is
formed as a result of asphaltene crowding at the contact, which is aided by self-association at the liquid interface and results in
layered formation®. These films become highly bendable after several hours of ageing, as measured by interfacial rheological
characteristics. As a result of the excessive floc and sediments created by asphaltene in lakes, canals, or transportation conduits,
associated with production challenges arise. It reduces the efficacy of the oil supply by emulsifying the oil in water; hence, it is
critical to investigate these difficulties and propose remedies.

The potential of asphaltene to emulsion water systems is a problem for the petroleum sector. Due to its sluggish travel to

the interface and ability to reside there indefinitely, asphaltene has been dubbed a “surface-active agent”. The asphaltene network's
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structure at the junction can be either liquid or solid, regardless of the solvent aromaticity, ageing period, or beginning bulk
concentration. Yield stress of the film formed on the droplet may be present during the transitional stages as a possible energy barrier
to drop coalescence. The elastic dilatational modulus of asphaltenes increases with effort and time. In fact, before the liquid film
approaches the depth at which it ruptures, a yield stress of just 102 Pa is sufficient to stop the drainage®®. The interface yield stress
is buildup and cross linking at the interface.

In 2010, liquid crystalline domain like other known colloids have been observed in hydrocarbon rich resources. The domain
were seen to be biplex®. The comprise a thin shell surrounding a hydrocarbon core dispersed in a hydrocarbon liquid. These shell
display thermotropic properties with varying phase transition temperatures. For examples When heated for the first time, the
crystalline forming temps for 340/423 K for Maya C5 asphaltenes, 338/435 K for Athabasca C5 asphaltenes, 341/433 K for
Safaniya C7 asphaltenes, and 371/431 K for Cold Lake C5 asphaltenes. There were also reports of liquid crystal subdomains at oil-
water interfaces, where they affect the strength of emulsification 18, In  steam-assisted gravity drainage facilities and laboratory
tests, it has been shown that liquid crystal domains may be transferred from the Athabasca phase to a phase that is rich in water®.
Model rag layers connected with a naphthenic froth treatment procedure?® for mined Athabasca have similarly shown liquid-
crystal-like behaviour 2,

Another problem that petroleum business faces; is asphaltene precipitation and aggregation that during process of
extraction of oil or moving it into refineries causes various flow issues. To investigate aggregation and precipitation; state of the art
characterization tools have been employed including using simulations, model compounds (synthetic and refined ones) and
microfluidics among others 2224, The asphaltene in the oil products will continue to be stable under equilibrium circumstances.
Nevertheless, the asphaltene will start to migrate from the oil solution whenever there is any disruption to the oil, such as production
or solvent infusion. In the process of precipitation, the asphaltene solid emerges from solutions to form observable asphaltene
particles suspended in the oil. If the asphaltene is floating in the oil, there is still no danger. As soon as the precipitation doesn't
really rise more, the asphaltene will be transportable along with the oil.

Through the use of several molecular modelling techniques, many conclusions about the shape of asphaltene agglomerates
have been satisfactorily addressed 2. Asphaltene particles were seen as subunits in these modelling studies, and the aggregating of
asphaltene was compared to the polymerization reaction 2°. Early computer studies assumed that asphaltene was a monodisperse
system and suggested that the primary cause of asphaltene aggregates was stacking of Polycyclic Aromatic Hydrocarbons (PAH)
sheets. It is plausible to assume that asphaltene molecules' alkane chains act as a repellent between the sheets of PAH?",  Steric

interference has a significant influence due to the alkyl chain. While medium-length alkyl chains function as a barrier to aggregation,
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the longer chain contributes additional binding force via - and - interactions, promoting the process. The capacity to handle several
large molecules is critical for these simulations. However, it is still thought that these simulations are too early to explain asphaltene
behaviour in general. When dealing with macromolecules like these, molecular modelling has three major limitations. (i) The
asphaltene molecule is not described by a single chemical arrangement. (ii) The simulation box measurements and time periods are
insufficient for the dynamics of the asphaltene aggregate. (iii) The rigour of these inquiries is called into question.

Despite these obstacles, the value of these simulations rests in their ability to provide insight into the immediate phenomena,
leading to a better understanding of the fundamental stages of the nano-accumulation mechanism. The chemical configurations
and polarity of asphaltene molecules influence how they behave in the toluene-water system?®. Undefined hydrophilic and
hydrophobic regions can be found in asphaltene. They therefore don't resemble traditional surfactants, and the emulsion only
depends on the ability of asphaltene to aggregate. However, the parallel stacking of aromatic sheets, or sheets interplay, is not the
sole interaction found in the aggregates. Other interactions, such as the heteroatoms found in the asphaltene core, have the capacity
to alter the polarity of the molecule and oversee the development of hydrogen-bonded networks. In the case of asphaltene-water
interaction, the crucial interaction is hydrogen bonding caused by functional groups®. The charged terminal model compounds show
that this arrangement of hydrogen bonds dominates overstacking, but the neutral asphaltene model compounds do not. It appears
that a charged moiety, or perhaps a zwitterion framework, is required for the induction of interfacial activity in molecules. This
impression suggests that asphaltene aggregation behaves like diffusion. Despite their complexity, simulations are nevertheless vital
in the creation of chemicals such as asphaltene, thus a section of this page is dedicated to them.

When researching the issues that asphaltene poses for the oil business, we look at numerous approaches that are regarded
to be particularly sophisticated for analysing the behaviour of asphaltenes, such as microfluidic chips, rheology, and simulations.
Microfluidics, for example, overcomes classic procedure difficulties such as long turnaround times, a lack of automation, and poor
reproducibility. Because typical extraction procedures usually need vast volumes of solvents, big glass containers, and other
apparatus, this approach has attracted a lot of attention in the literature. Microfluidics also provides a more efficient approach for
testing and studying emulsion stability and transport.

In summary, this article evaluated the behaviour of asphaltene in terms of its role in emulsification, deposition, and
inclusion in polymers; therefore, the current publication is a good reference for getting an illustrated overview on asphaltene-related
subjects. Even though there are more studies in the literature, only a few have been highlighted here to emphasise the importance
of asphaltene research. Asphaltene's propensity to affect reservoir wettability or to cause refinery catalyst deactivation due to

adsorption at active sites are only two instances of uncontrolled regions of asphaltene that readers are encouraged to study in the
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references®®-32, As a result, effective mitigation strategies may be found, such as a surfactant-coating substance that is acceptable for

surfaces exposed to asphaltene or operating circumstances.

2. Asphaltene

2.1 Aggregation and precipitation

Asphaltenes are a polycrystalline component found in crude oil that have a wide range of molecular properties and sizes.
One of the issues in the oil business is the precipitation of asphaltene and asphalt during the production, transportation, and
processing of crude oil. These precipitations' quantity and properties vary depending on the kind of solvent used, the oil-solvent
ratio, duration, pressure, temperature, etc®. Along with modelling, the next sections examined some of the challenges produced
by asphalt aggregation and the attempts done to solve them. We put asphaltene precipitation and aggregation in the spotlight here.
Asphaltene deposition is a chronic problem in crude oil extraction. It might cause pore throat blockage, reducing oil recovery
dramatically. Understanding the microscopic process is critical for successful crude oil extraction.

Several factors may have an influence on the stability of the asphaltene in the crude oil 3. These variables may be divided
into experimental parameters, which are supplied throughout reservoirs extraction, and reservoirs variables, which are variables that
are native to the reservoir but change once production or fluid injection begins. The physics of the reservoir, which include pressure
and temperature, as well as the characteristics of the oil, which include solutions gas, oil viscosity, and the categorization of the oil
based on its API gravity, make up the reservoir conditions. In most cases, the reservoir's pressure and temperature remain constant
and are therefore uncontrolled. The oil's characteristics will be affected by the manufacturing process, the liquids injected into the
reservoir, and pressure fluctuations as the hydrocarbon is mobilised. A solvent is any material that may be dissolved in crude oil
under different conditions depending on the solvent and reservoir parameters. Steamed, detergent, CO2, nitrogen, methane, and a
variety of other solvents used to alter the properties of crude oil can all be poured into the reservoir. Once the solvent begins to
interact with the asphaltene as a result of a change in the equilibrium conditions under which it was originally solubilized, the
asphaltene may no longer be stable in the crude oil.

Numerous interfacial activities and occurrences in oil production and wastewater treatment depend on the interactions
between asphaltene surfaces in aqueous systems®. To use a surface forces apparatus (SFA) and atomic force microscopy, the
interaction processes among asphaltene surfaces in aqueous solutions were examined in this work (AFM) . SFA showed long-

range repulsion between two asphaltene at 1mM NaCl at pH 8.5 and the force range drop with increase in acidity. Calcium ion
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addition significantly reduced the attraction between asphatleen surfaces. The measured repulsion did not match the Derjaguin,
Landau, Verwey, and Overbeek (DLVO) hypothesis as it was originally proposed. Due to the hydrophobicity of the surface, the
attraction and interlocking of asphalten chains or agglomerates, or calcium ion-induced bridging, adhesion was seen when separating
two surfaces under all solution conditions. The calcium ion, salinity, and acidity all had an impact on the adhesion strength. These
results are remarkably like other nanofillers®*42, Results are depicted schematically in Figure 1 displaying how AFM came into
measuring the interaction between surface of asphaltene. Other notable studies employing AFM or similar device to measure
adhesion with regards to asphaltene can be found in refs*45,

The electrokinetic effect, as its name implies, describes movements of a substance caused by a change in charges. Because
asphaltene frequently contains a charged, the differential pressure between the deposit and the wellbore causes a dip during plant
operation. This depletion and the asphaltene charges are primarily responsible for the electrokinetic action, which causes asphaltene
instabilities in crude oil and, as a result, asphaltene precipitation. Solvent injection into crude oil is commonly used to increase the
oil's mobility while decreasing its fluidity, especially in heavy crudes. The stability of asphaltene may be affected by the solvent's
contact with the oil. Asphaltene stability may be gauged using an index called the solvent-to-bitumen ratio. Asphaltene will
eventually start to precipitate at a certain solvent-to-bitumen ratio®. This point will vary greatly depending on the kind of solvent
4647 In ref, first direct quantification of asphaltene charge in air using electrostatic force microscopy (EFM) as also applied to other

nanofiller thus this report is the first report on direct meausing native charge of asphaltene.

R \/ Laser

é Mica (OTS
Asphaltenes atM

Aqueous v
b Aqueous solutions solutions
oTsS
Mica *

Figure 1. Schematic of procedure in which colloidal behavior of asphaltene came under scrutiny. Adapted with permission from
ref. 3

Electrostatic Force Microscopy (EFM)*“° to determine the density of asphaltene native charge to approximately 43.7
nC/cm2 . Asphaltene charge in water with suspension was strongly influenced by pH and salt content; as a result, ionisation of the
surface group resulted in their charging. Similar tests in a solvent (nonpolar media like toluene and heptane, for example) can add a

solvent-dependent value, making it impossible to accurately quantify this native charge and comprehend the precise function of the
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solvent®™®, There are further studies that have quantified the charge of asphaltene, with their focus being quantification is the
measurement of asphaltene charge in aqueous medium or water—oil interfaces, and the results indicate that asphaltene charge will
substantially fluctuate as a function of buffer pH (from very extremely positive to very highly negative)®. Another study®? looked
at the electrokinetic characteristics of asphaltene particle. To measure the electric charge of the particles, a DC electric field was
applied. Particles in n-heptane and its combination with toluene (heptol) had positive charges but no movement, indicating that
toluene had a neutral charge. Although it is natural to expect larger asphaltene aggregates to have greater electric charges, the
results showed that they are mainly governed by gravity rather than electrostatic force and that "aggregation™ decreases the charge
density of asphaltene particles. Another group conducted a similar experiment with crude oil and discovered that the asphaltene
charge was negative®. Surprisingly, another group of researchers® discovered that the asphaltene molecule has a natural positive
charge, but that at high current density circumstances, an induced negative charge may be seen. Deposition onto the cathode, anode,
or both was seen depending on the concentration.

Figure 2a-b shows two asphaltene molecular structure “continental-type” and “archipelago-type” structure. The
archipelago model, which is less popular, has several aromatic cores that are alkyl-bridged with different polar functions. The
traditional island model represents asphaltenes as single core aromatic molecules with peripheral alkyl side chains. Authors findings
show that island and archipelago themes coexist in petroleum asphaltenes, and that asphaltene filtration is necessary in order to
identify and identify archipelago individuals by mass spectrometry, in contrast to readily available island motifs®. Since asphaltenes
fall within the solubility class, the extraction technique has a significant impact on their molecular makeup®®. The visual appearance
of asphaltenes extracted using the two most used solvents, pentane, and heptane. On the figure, these asphaltenes have diverse
textures and even colours. Additionally, the asphaltenes recovered using pentane (C5) contain compounds soluble in heptane, like
resins. Similar to how two distinct asphaltene were evaluated in ref>’, morphology and rheology were both used to examine the
apparatus. The appearance of the first sample is foamy whereas the second sample is grainy and resplendent. (See Figure 2c-d).
Foamy appearance is an indication of material tendency to form structured porous®’. The agglomerated structure associated with
sample shown in Figure 2¢ as opposed to sample shown in Figure 2d that has spanned the whole TEM images. The viscosity graph
also reflects the connection between structure and viscosity of these samples as structure sample shows more dramatic increase in

viscosity as concentration of asphaltene increases (See Figure 2e-f).
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Figure 2. (a) Asphaltene molecular structure “continental-type” adapted with permission from ref. 58 (b) Asphaltene molecular
structure “archipelago-type” adapted with permission from ref.>® . (c-d) Simple photographs of asphaltene investigated in ref thus
displaying appearance difference of the two samples. Adapted with permission from ref’.  (e) Al and A2 asphaltenes from Gibbs
oil are shown in a TEM micrograph, and (f) their dynamic viscosity varies with toluene concentration With permission, modified
from ref 5. (g-h) Mixtures of oil A and n-C15 aged in microtubes at 50 °C with mixing ratio of 47:53 (stable) and 40:60 (unstable)
(tubes are 200 um across). Adapted with permission from ref . (i-j) For each configuration, the interaction of asphaltene molecules
with the oil/water contact. The employed ratio is 1:1.5 o/w, and volumes of water and oil solutions are drawn out of scale. Adapted
with permission from ref®?,

To describe and simulate the behaviour of the asphaltene phase, methods have been devised. The Oliensis spot test is the
oldest illustration of experimental onset characterisation®. In order to determine asphaltene instability in response to changes in
the oil solubility parameter, the ASIST method® conducts microscopic observations. Data for a variety of n-alkanes can be utilised
either directly or as inputs for characterisation of asphaltene in simulations to forecast onsets that would happen as a result of the
presence of light ends, lift gases, etc®. An application of this method to a deep-water region in the Gulf of Mexico was proven by
Montesi et al. %. To put asphaltene deposition under microscope, the oil and nonsolvent were combined, and the resulting liquid

were then put into a glass capillary tube as shown Figure 2(g-h) . Micrographs were acquired via the glass capillary as a function
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of time. Examples of both clearly stable and unstable mixtures are shown in Figure 2(g-h) . Clearly as stated earlier solvent ratio
here 47:53 vs 40:60 plays a key role in pushing particles out of their homogenized state.

It is thought that the configuration of asphaltene particles at the oil/water contact and the consequent interface-interface
interactions, as illustrated in Figure 2(i-j), are responsible for this departure from the behaviour of water droplets. The aliphatic
component of asphaltene molecules penetrates the oil layer when water droplets are present, which causes a significant hydrophobic
repulsion of the tails.®® The literature reports the measurement of strong repulsive forces between asphaltene tails using a surface
force instrument®”. When it comes to droplets, the aromatic part of the asphaltenes is exposed to a water layer that is draining,
creating a desirable interaction. The particle contact angle, which replaces the interface asymmetry in particle-laden interfaces®,
has a similar effect on coalescence time.

Aggregates are also susceptible to shear during shear®. If yield stress is not passed the aggregates stay unbroken; when
shear fractures the structures at higher rates of shear; the differences found between different molecular structures of asphaltene
vanishes as molecules are now separated. Similarly, to examine flow-precipitation joint action, asphaltene precipitation during
multiphase flow with high resolution and in 3-D was examined, authors created an in situ micro-CT imaging capability. To cause
the precipitation of asphaltene in a sample of sandstone rock, pure heptane and crude oil were concurrently injected . The
competitive adsorption of n-heptane onto quartz surfaces was investigated by the another group of authors’™; report revealed that
the quartz substrates' surface hydroxyl groups had a significant influence on the adsorption of asphaltene on the quartz surfaces,
significantly increasing the flow of oil via SiO, nanopores’.

At low Reynolds number asphaltene is troublesome for oil industry practices 774, For instance, in ref 7, studies were
conducted to correlate flow rate; precipitation as a function of solvent and concentration however they fail to forecast precipitation
at industrial scale. For instance, in ref 7>, the deposition development in the lab scale was monotonic and homogeneous, indicating
that erosion and entrainment were absent. When this new data was scaled up to the field size, it revealed that waterflooding would
result in a loss of more than half of the well production ®. It is critical to precisely forecast the rate of deposition to help minimize
and regulate this issue. The forecasting of asphaltene deposit in pipes has been the subject of a few research that have been reported
in the literature. The creation of models to examine asphaltene deposition is described in the work of refs”-°, However, an
examination of the body of research finds that there aren't any qualitative or quantitative comparisons of asphaltene deposition
profiles predicted with deposition profiles at the lab and field scales. One way of remediation of these issues is to pay attention to

kinetic of depiction; in fact, kinetic of deposition” can be modeled and investigated using variables that in large scale are hard to
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explore experimentally. At the flow lines, nanoscale behavior of asphaltene aggregates and cluster can come under scrutiny®.
According to experts, these endeavour can pay the way for more accurate modeling approaches .

Models™ 8182 or simulations®® have been attempted to predict aggregation and subsequent issues that asphaltene causes in
oil extraction schemes; in one instance, researcher made a model®*® to correlate operational parameters and
aggregation\precipitation of asphaltene. To provide an overview on system under which asphaltene bulk or interfacial behavior has
been studied media can be summarized in broad terms into toluene\water®, toluene\decane\water? 8, Crude oil\toluene\water %,
Crude 0il®®, Crude oil and p-xylene®, Decane\water®?, Crude 0il®?%, p-xylene and toluene®’, Ester oil\water® and xylene\water®;
these system thus attempt to provide a situation similar to oil production.

Similarly, regarding the characterisation of the precipitated substance, the kinetics of asphaltene precipitation is
investigated in one interesting report®”. The mixing of various crude oil constituents results in aggregates with a varied composition
that alter over time and is dependent on the solvent power of the heptane/oil mixture. The precipitate was discovered to include a
large quantity of maltenes, whose relative composition changes with time. As time passed, the typical properties of the asphaltenes
present in the precipitate changed. The distributions of these molecules altered when additional heptane molecules precipitated,
lowering its average solubility parameter. A novel model that captures the intricate aggregation behaviour involved in precipitation
was created based on the observations®. In one experiment, n-C5, n-C6, n-C7, n-C9, and n-C12 were each added to the oil
individually, and the amount of precipitated solid was noted to increase with the solvent ratio (g solvent/g oil). The results indicated

that n-C5 precipitated more solidly at all solvent ratios®.

2.2 Emulsification

Beside precipitation and aggregation problem that asphaltene pose in petroleum industry, emulsification is another major
issue. In fact, in oil and gas production, issues with flow assurance linked to asphaltene are already common. Water/brine-in-oil
emulsion entrapment in porous media is characterised by hydrodynamic bridging and adhesion of emulsion droplets®. The research
may result in improved processes for demulsifying and separating entrained water from generated crude 0ils'®. Emulsions formed
by salty water and crude oil are regularly encountered during in the manufacture and refining of petroleum liquids. To efficiently
break and separate oil/water emulsions, it is critical to grasp the underlying processes that drive their formation and stability 5. To
quantify the emulsifying power of asphaltene, one study found that as the concentration of asphaltene increased to 4 kg/m3, the
diameter of droplets in a helptol system in water drastically decreased once they reached an 8-micrometre diameter. Subsequent

increases in asphaltene concentration had no impact on droplet sizes®.
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It is believed that these layers are what give asphaltene its "Pickering emulsion"” type stability 2. Pickering emulsions
are O/W or W/O emulsions that contain solid particles to stabilise them. It was given this name in honour of S.U. Pickering %4,
who was the first to notice how small solid particles might stabilise such emulsions. Along with factors including nanoparticle
volume fraction, salinity, and water phase pH, particle wettability is a crucial factor in determining the kind and durability of a
Pickering emulsion® . O/W emulsions are more likely to be stabilised by water-wet particles than W/O emulsions are by oil-wet
particles'®. Elastic modulus increases significantly when the interfacial area expands or surfactants like asphaltene move across the
interface. As a result, in an emulsion 1%, coalescence is less likely to happen when two droplets contact. The Gibbs- Marangoni 1%
19js also efficient, and asphaltene migrates to less populous areas. Numerous attempts have been undertaken to assess the interfacial
films' compressibility and elastic properties using Langmuir film balancing methods!!%-1!! using oscillatory drop measurements that
may record asphaltene's progressive migration. Rheology, as a characterization tool, can investigate oil-water interplay; in one
report''2, authors demonstrated that the asphaltene film form on the surface of water and oil can be liquid or solid depending on
concentration, ageing, and the molecular structure of asphaltene; these findings were consistent with the results of ref!3,

Microfluidic chips can be used to accomplish this goal since they are tiny and allow for controlled flow under a microscope
while studying the influence of the demulsifier during the flow of the emulsion, which is often necessary. Researchers can use
micro-channels to investigate the effect of modifying Reynolds number, temperature, and other ingredients on emulsification
behaviour. According to one report?*, demulsifier was added to bitumen prior to development or the water droplet developed and
introduced demulsifier to the oil phase. The kind and concentration of demulsifier influenced coalescence; one addition increased
coalescence more than the others. Demulsifiers guarantee that the surface is free of surfactants and pickering agent emulsifiers such
as asphaltene. The author properly determined that demulsification owing to the action of bringing out chemicals from the interface
is a diffusion restricted process based on data analysis.

In ref 112, droplet coalescence was discovered to be totally controlled by the system's viscoelasticity, since more solid-like
behaviour encourages separation of droplets rather than merging. Yield stress at the interface is a non-Newtonian time-dependent
characteristic that prevents droplets from perturbing the interface. Shear and dilatational rheology similarly demonstrated divergence
behaviour, with shear rheology of interface showing a progressive transition in viscoelasticity towards solid-like behaviour, whilst
dilatational rheology remained elastic dominating from the start. As explain earlier one way to neutralize this is to use
demulsifiers''#1% that can turn droplet interface from viscoelastic to viscose again. Demuslfication include variety of methods that

has been enumerated in our previous publication?,
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Although spontaneous emulsion formation is helpful and desirable in many sectors, it causes various issues during oil
extraction, such as corrosion of equipment and an unexpected increase in viscosity*!6-118, Emulsion development is almost inevitable
during the extraction of crude oil. For instance, flow disturbances such submersible pumps and choke valves can easily emulsify a
certain amount of created and crude water. In conclusion, as asphaltene interfacial behaviour has the potential to cause issues for
the petroleum sector, it is crucial to research it is using rheology.

Asphaltenes, other nanoparticles, for instance, can all act as a “pickering” emulsion agent **°. Although heating and the
addition of flocculants can help with low viscosity and density conditions, they do not always produce efficient coalescence.
Asphaltene mostly adsorbs as a monolayer of joined molecules at the contact, with thicknesses varying from 0.002-0.009 um *2°,
Over time, the asphaltene seems to restructure and form a solid film. These films have been seen to tumble down when interface is
under stress 121122, The material that must be added to push asphaltene from the interface back to the solution may be determined
by investigation like the one conducted before utilising AFM.

To address how to depopulate interface from asphaltene, a serrated edge biconical bob interfacial shear stress rheometer
has recently been used to study asphaltenic coatings at model oil/water interfaces!’. The elastic storage (G) and viscous loss (G")
moduli were determined by the authors by tracking the film strength using frequency sweeps at 1-hour intervals. Due to an abundant
supply of asphaltene, the interfacial shear elasticity (G’) in systems containing just asphaltene grew monotonically over hours to
days. The molecular rearrangement of asphaltenes at the interface, which results in a cross-linked network, caused the elastic
modulus to rise for an additional 8 hours after the asphaltene solution was replaced with new solvent. A resin solution was used in
lieu of the asphaltene solution, and this caused an immediate decrease in elasticity followed by a gradual rise. This is most likely
because asphaltenes were solvated and were being removed or replaced at the time.

The resilience of the water-in-crude emulsified is governed primarily by the solubilization of asphaltenes in oil, which is
influenced by several factors including asphaltene concentration, resin to asphaltene ratio, aromaticity of the oil form of media, and
the presence of compounds (such as -COOH). McLean and Kilpatrick 1% 123 researched this relationship. Those who later
investigated the impact of asphaltene aggregation on emulsification using a model oil made of heptane and toluene (Heptol), coming
to the conclusion that asphaltenes are most surface active®® when they are present as fine dispersions (i.e., 1 micrometer) close to
the point of precipitation 119 123,

The literature on interfacial dilatational rheology of asphaltene is rich?3 9% % 117, 124-127 - According to the literature 28, the
dilatational modulus in such films is dependent on time and concentration of filler; this is an indication of delayed diffusion of

asphaltene to the interface possibly due to interaction with neighboring asphaltenes during migration. When reaching to the interface
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second crowding can happen due to arrival of molecules to the interface this might further kinetically freeze the accumulation of
asphaltene at the interface.

Rheology shows clearly that concentration of asphaltene in range of 0.2-0.5wt% is needed to create a strong interface %"
126 Rheology also shows concentration and time affect one another®*3; and rheological finger print of asphaltene at the interface is
reminiscent of soft glassy materials®®-4%12°_ Interface stiffness gradually happened in one reference!*?; the storage modulus for
toluene-heptane equal ratio mixture was lower for the sample that was devoid of heptane; clearly deposition of asphaltene and how
out of balance it is in the phase affects its emulsification power. Authors also predict based on their observation that viscose character
of interface is a stronger sign of asphaltene build up; however, network formation is more easily seen with elastic domination of
viscoelasticity over time.

In a system where asphaltene migrates to the interface over time, the elastic modulus increases. For example, in one report,
the elastic modulus significantly increased for 16 hours %, According to the study presented here, asphaltene displays complex
time-dependent interactions at the interface in its role as a surface activating agent. Results further show that asphaltenes form
monolayers on the interface, even at concentrations as high as 40 kg/m3, and that massive aggregates with molar masses more than
10,000 g/mol do not seem to be absorbed by the contact. The thickness of the monolayer ranged from 2 to 9 nm. While protein are
polymers that are often coiled into spherical forms, asphaltenes, which are tiny molecules, have striking parallels to proteins in their
behaviour at liquid interfaces®s!. In milk, proteins like casein clump to form micelles that are misnomerly referred to as such and
have a radius of about 100 nm 32, The well-defined size in asphaltene big conglomerates may result from a similar arrangement,
with more polar asphaltene nanoaggregates in the middle and the less polar ones at the edges. Electrostatic repulsion is a different
possibility: The overall charge rises and an ideal size is discovered when charged things gather **3. The charges of asphaltene in oil,
meanwhile, is relatively low (one charged molecule in 10° in toluene), and the average charge of the cluster is considerably lower
than one. Thus, the charging pathway is implausible. The validity of the casein type of cluster for asphaltenes might be verified by
molecular simulations (or not).

In one report, authors reported that films stabilized by asphaltene were thicker (40-90nm) than those stabilized with
maltenes (~ 10nm)*® as shown in Figure 3. Such a large range in the film's characteristics suggests several stabilising strategies
for thin organic solvent films. Thin organic solvent films incorporating asphaltenes showed apparent ageing effects, such as a slow
rise in film thickness, stiffness at the oil/water interface, and the production of sub-micrometer-sized aggregates. Films with bitumen
and maltenes in toluene showed no signs of ageing. The unique capacity of asphaltenes to self-assemble and create 3D networks in

the film is related to the enhanced stability and decreased drainage dynamics of thin liquid films containing asphaltene. Stable films
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often have lengths that are far longer than the smallest asphaltene molecules, nanoaggregates, or even clusters of nanoaggregates
that have been described in the literature. The development of such a 3D structure changes the liquid film's rheological characteristics
so that they are non-Newtonian increasing yield stress (gel like). Thin asphaltenes in toluene liquid films appear to drain more
slowly because of the formation of such network structures. Before the film reaches the critical thickness at which film rupture

occurs, the yield stress of a liquid film as tiny as 102 Pa is enough to stop the drainage.
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Figure 3. The films stabilized by asphaltenes are much thicker (40—90 nm) than those stabilized by maltenes (~10 nm). Adapted

with permission from ref®,

Prior research on the effects of solvent type, time, and continuous elemental composition on interfacial stiffness as well as
certain simulations of interfacial rheology have been conducted®**%, For instance, a recent study by Freer and Radke!?* examined
the adsorption of asphaltene and toluene at the water-toluene interface. Their findings imply that the Lucassen-van den Tempel *2%or
Maxwell viscoelastic modulus'®*® may be used to accurately describe a toluene-water contact with asphaltene concentrations less
than 0.005 wt percent. The importance of asphaltene's permanent sorption effect (Rigid film) ¥ is shown by the need for a
mechanical component in their model. Asphaltene sorption at oil-water interfaces is permanent at bulk concentrations below and
over the threshold nanoaggregate concentration at even brief times when the interfacial layers have not yet formed. You may find
other rheological modelling attempts on the topic of asphaltene in references 23 %0 128,136,

2.4 Asphaltene with polymers
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Polymers are equally impressive class that can greatly benefit from inclusion of asphaltene. Similar to other reinforcement
agent asphaltene can be employed as a filler 3 13-1% jnside polymers. There are footprints of application of asphaltene in major
plastics such as polystyrene (PS), polypropylene (PP), and low-density polyethylene (LDPE) %41, In these matrices mechanical
and viscoelastic properties greatly improve with addition of asphaltene®: 142, Asphaltene improves mechanical properties of Bitumen
as well 143,

Polymers can also attach to asphaltene aggregates and form complexes in the bulk oil phase, according to small-angle x-
ray scattering'®*. As a result, the inclusion of polymer was beneficial in preventing the formation of additional emulsification sites.
As state earlier deposition of asphaltene should be avoided one way of doing that is to add polymer to stop precipitation. At clean-
up doses of 1,000 to 10,000 ppm polymer's capacity to occupy the active stacking sites of asphaltenes was found to be what made
it the most efficient!#4. A series of organometallic polymers that have been demonstrated to be efficient as bactericidal corrosion
inhibitors and asphaltene dispersants were examined by Herndndez-Altamirano et al. . The best chemical for preventing
asphaltene aggregation was a butyl substituted bis-di-organotin (1) compound, at 0.1 g/L of dispersant concentration in liquid
heptane, asphaltene aggregation was reduced by about 30%. The n-butyl chains were assumed, as in previous investigations, to
govern strengthening the steric repulsion between the asphaltene aggregates 145146,

Asphaltene deposition has been successfully avoided by polymer with both aromatic parts and extremely polar functional
units like amide or carbonyl 4”148, Employing crude oil in heptol solution, Ghaffer et al. evaluated a series of propoxylated dodecyl
phenol formaldehyde polymers with three distinct molecular weights 14748, Whereas the light absorbance was being measured, the
oil mixtures in toluene were gently adjusted using heptane to cause precipitate. The findings demonstrated that as polymer molecular
weight grew, asphaltene precipitation started sooner. Propoxy (C3H;O) side and end chains allowed for more contact with
asphaltenes, leading to overall higher absorbance and enhanced efficiency compared with the non poly (dodecyl phenol
formaldehyde) component. Similar research examined several dendronized polyamidoamine (PAMAM) polymers utilising the very
same light absorbance test, DLS, and rheological tests as potential asphaltene solvents 47, The findings indicated that the third-
generation dendrimer of the PAMAM polymer was where the polymer performed at its best, most likely as a result of the dendrimer's
significant level of branched, which causes inhibition among aggregates. Overall, the PAMAM polymers outperformed the
propoxylated polymers in terms of their ability to disperse. As a method of reducing the viscosity of heavy oil, Castro et al. employed
a terpolymer of styrene, n-butylacrylate, and vinyl acetate. Results showed that greater styrene content in the terpolymer improved

flowability as a result of the positive aromatic contacts with the asphaltenes 48,
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This section examined the relationship between asphaltene and polymers. Asphaltene, when used as a filler, can strengthen
polymers and, because of its conductivity, can make polymer composites conductive as well. In addition, it has been demonstrated
through experiments, some of which are discussed here, that asphaltene deposition can be prevented if specific polymers are added

to crude oil prior to solvent or gas injection.

2.3 Compounds that mimic

The model compound approach involves choosing and researching model compounds that have been synthesised and have
a structure comparable to asphaltene, as well as possessing characteristics that are typical of genuine asphaltene molecules. There
are two approaches to take (i) The traditional method involves breaking down the full substance of asphaltene into several sub-
fractions and examining each sub-fraction separately to determine which sub-fraction is mostly to blame for undesirable qualities
149150 " (ii) using model molecules with established chemical structures and physicochemical characteristics to mimic native
asphaltene is the model compound approach®®.

The first method allows the results of the studies to be extrapolated to the tested asphaltenes with reasonable estimations
while still capturing the intricacy of the unknown structures of asphaltenes to some extent®® 127151 The main criticism of this
approach however is that asphaltene's molecular structure is greatly influenced by the method of extraction and the kind of liquid
used. So, because architecture and design of molecules are not clear and transparent using this approach, it has been difficult for
instance to examine the aggregation of asphaltene and to propose models of their process in various solvents. Due to this, researchers
take the second method, employing model compounds, and, in addition to labs, have investigated the characteristics and chemical
connections between asphaltenes using computational and simulation techniques®> %2,

In ref'53-2% using microfluidic chips impact of emulsification of asphaltene was examined using model molecules of VO-
79 and coronene; VO-79 was shown to be a greater emulsion stabiliser than the latter. Even while the zeta potential VO-79, coroneneg,
and ordinary asphaltene from crude oil were all the same, the rate of emulsion droplet coalescence varied greatly. This study shed
light on the challenge of simulating asphaltene transport dynamics with imitating molecules.

By controlling volatiles, aromatization, and carbonation of asphaltene aggregated compounds, refineries and blending
terminals may tune viscous flow and rheology**®. Another notable candidate for studying asphaltene its sorption and rheological
fingerprint is an acidic polyaromatic compound (C5PeC11)*?7-15¢-157_ Qther similar compounds able to be used instead of asphaltene

can be found in our previous publications 2. Some of the compounds used in the industry to mimic asphaltene behavior are shown
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in Figure 4 8, These molecular compounds have been shown to precipitate after addition of n-alkanes and therefore meet the

solubility conditions of asphaltenes®®®.
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Figure 4. Three molecules were created as model compounds for studying asphaltene, and their structures, acronyms, and molecular
weights are listed below. The correct terminology is N-(1-hexylheptyl)-NO -(5-carboxylicpentyl) perylene-3,4,9,10-tetracarboxylic
bisimide, using C5 Pe as an example. Adapted with permission from ref*,

C5Pe, a linear molecule model with high emulsion stability over long period of 5 hours (shape and size of the molecule is shown in
Figure 4).

The average molecular size of C5Pe was determined by Adsorption confirmed the NMR measurement and suggested a configuration
tilted with the aromatic core at interfaces with relation to the interface's perpendicular plane. the current-NMR is used in this work
to provide an unique method for determining the droplet sizes of such densely packed model emulsions. benefits over the
conventional microscopy technique. The examination of the data is made more difficult by the development of free water. The
studies given from an industrial perspective demonstrate the presence of acidic or comparable hydrogen-bonding groups. An
asphaltene structure is significantly enhancing its ability to stabilising crude oil and water emulsions, and one such subfraction

described by authors as a "surface-active

2.4 Simulation approach

Computer simulation is among the most effective techniques for understanding complex systems in industrial engineering
and the industrial sector. Simulated data may also be used to assess process operations, which are very complex systems that are
constantly affected by uncertainty. The use of simulation in process activities has a variety of advantages, including the ability to
predict clogs, determine production and enhance it, manage resources more effectively, optimise stochastic responses to unforeseen

conditions, and react to random and vibrant features in the system's operation. There are 10°-108 distinct kinds of organic molecules
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in crude oil, each with a unique molecular weight and composition®. The molecular class of asphaltenes contains the most intricate,
polar, and substantial of these molecules. These compounds include heteroatom distribution, saturated alkyl chains, and
polyaromatic units.

Because of asphaltene's extraordinarily complicated structural makeup, which was previously discussed, no universal
model formula has been created to predict asphaltene behaviour in crude oil. Since the formulas in this section were created using
a particular series of experiments, they cannot be used with certainty for all types of crude oils and asphaltene geometries. These
equations that used fitting or scaling variables to try to generalise the generated model are the ones that come closest to the general
model. The Hildebrand and Flory-Huggins models are two of the most well-known equations that have been employed as a
benchmark by several researchers throughout the years . The soluble factor, which serves as a gauge of suitability, was defined
by the Hildebrand model and is its most famous feature. Asphaltene is often stable if the high solubility of a solution exceeds the
asphaltene offset pressure. The asphaltene will start to dissolve as soon as the high solubility drops below the offset pressure.
Obtaining the chemical reactivity is mostly done using the Flory-Huggins model**°. This model's fundamental flaw is that it wouldn't
include an interactions coefficient; as a result, its accuracy is only as accurate as the equation of state that was used to get the

solubility parameter®®®,

In one report, side alkly chains are placed face to face in the simulation study, demonstrating that side chains prevent rod
clusters from aggregating®®. The results were consistent with our prior findings that asphaltene's characteristics affect how it
deposits, aggregates, and precipitates. Tetralin was also employed to create smaller aggregates because of how its aromatic ring
interacted with asphaltene's aromatic cores to prevent aggregation. Simulation provides insight on how to lower aggregate size and
how leverage oil-water mixture to stabilize or destabilise asphaltene. Additionally, modelling provided insights untenable or costly
with experiment as those longer chains decreased aggregation as predicted. It is well known that the degree to which the aromatic
core of asphaltene is hydrogenated determines how well it aggregates. To deepen the knowledge of aggregation of asphaltene authros
in ref 162, reported that asphaltenes' radial distributions and dimer contact energies calculations shows that the aggregation propensity
is governed by the size, shape, and steric hindrance of the cyclic ring sheet. Contrary to the theory of "like attracts like," each form
of asphaltene preferred to aggregate with its own kind above the other sorts. This simulation-based analysis revealed a lot about
how asphaltenes function; it will be fascinating to watch if these findings are confirmed in further research by the development of

compounds that may replace asphaltene.
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Regarding reduction in aggregate size, surfactants can also reduce asphaltene aggregate sizes; different synergistic
interactions between surfactants and asphaltene molecules can reduce interfacial tension®®?, The breakdown of the asphaltene
molecular aggregation structure occurs for the surfactants sodium dodecylbenzene sulfonate (SDBS) and octylphenol
polyoxyethylene ether (OP-10) as the interfacial concentration increases. Dodecyltrimethylammonium bromide (DTAB), however,
demonstrated the opposite result. Asphaltene aggregation rose in response to an increase in surfactant interfacial concentration?? 4
129 The action of surfactant and asphaltene is not favourable to further reducing the interfacial tension as the concentration of
surfactant at the interface rises'®2. In tight light oil reservoirs, CO2 injection frequently occurs in conjunction with asphaltene
precipitation. This study looked at how various reservoir types affected porosity, permeability, and wettability. Surfactant can be
introduced into a reservoir to lower the asphaltene-induced wetability reversal index. Type | reservoirs have the greatest and lowest
wettability reversal indices, respectively. To lessen the wettability reversal index brought on by asphaltene precipitation, the
surfactant can be introduced into the reservoir'®®. Therefore, here reduction in aggregation size and its effect on well bore came
under scrutiny.

Simulation can also give insight about structure-property relationship inside the solution\matrix that asphaltene. In ref ¢, a
dissipative particle dynamics (DPD) simulation was used to assess the impact of various concentrations and solvents on asphaltene
characteristics. The structural analysis supported the parallel stacking between asphaltene layers as being predominant. The time-
dependent development of aggregates showed the aggregate count decreased over time; so, aggregation was found to be time
dependent behavior. Investigations into viscosity revealed that while the solvent-solvent interaction is initially crucial, its power
gradually diminishes when entropy takes control due to a higher mass fraction. Molecular dynamics was also used to evaluate the
viscoelasticity of a suspension of asphaltene. When molecule displacement is evaluated in terms of aggregate dynamics, it exhibits
a sudden spike in motion that is quickly followed by a dramatic drop in motion due to paused phases. Thus aggregation occurs
during the sol-gel transition. Similar to real experiments, because molecules become less mobile when a bigger mass fraction is
grown, slower aggregation takes place due to sluggish movement of cluster of asphaltenes®é4. The diffusion coefficient for toluene
containing 5% asphaltene was determined to be 300 micrometres per second, which is within the acceptable experimental range.
In another DPD based simulation, authors (Ahmadi et al., 2018a) studied the effects of Brownian dynamics on suspensions of
asphaltene in heptane and hetptol (mixture of heptane and toluene). Although percolated structures were discovered at larger volume
fractions, fractal nanoaggregates were discovered at lower volume fractions. The self-diffusion of asphaltene particles diminishes

with increasing volume percentage, which is consistent with other nanoparticle rotation and translational motions being controlled
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by volume fraction. In conclusion, the Brownian dynamics and DPD simulations presented here have the ability to provide
information that experiments were unable to.

Solvent influences the size of the asphaltene aggregates according to molecular dynamic insights as aggregates were
discovered to be more stable and denser in hexane compared to o-Dichlorobenzene. It is reasonably argued that based on temperature
and the existence of polar groups, molecules and solvents interact with each other significantly 5. Moreover, inhibitors can affect
asphaltene aggregate size; similarly, a study based on simulation showed that the core of the aggregates' active sites interacts with

inhibitors. In general, aggregates can assume any sizes '*® in presence of inhibitor.

3. Conclusions

This study reviews the stability of asphaltene in crude oil as well as the elements that have the most effects on it. The many
models that have been used to attempt to characterise the asphaltene structure were discussed, along with the most modern and
extensively used model, the Yen-Mullins model. The stages of asphaltene that may occur in crude oil, such as asphaltene
precipitation, flocculation, dissociation, and deposition, were also highlighted and thoroughly described. asphaltene instability's
primary influencing elements, such as operational and reservoir factors, were also discussed. Along with the many studies carried
out to investigate asphaltene permeability decrease and pore plugging, the principal chemical techniques utilised to examine
asphaltene structural features were also described. Finally, several field studies that faced asphaltene issues were highlighted, along
with the approaches they used to address the issue and the results of each approach.

Asphaltene can also be used as filler to enhance the temperature-dependent attributes of matrix materials, as an adsorbate
in separation processes because of its exceptional sensitivity and thermal properties, or as a carbon-rich material to synthesize
advanced carbon-based materials or to adjust the surface of various nanomaterials %, In this regard, it can be viewed similarly to
graphene quantum dot applications 7.  Finally, asphaltene seems to display a number of different behaviours that seem to be
adequately covered by the available characterisation techniques. Systems using asphaltene seem to have a promising future. The oil
business just must perform more research into the literature to get rid of concerns regarding precipitation, deposition, and
emulsification in order to resolve the asphaltene problem.
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