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Abstract:
Understanding molecular interactions between oil and reservoir matrix is crucial to develop
a productive strategy for enhanced oil recovery. Molecular dynamics simulation has become
an important method for analyzing microscopic mechanisms of some static properties and
dynamic processes. However, molecular modeling of shale oil and reservoir matrix is still
challenging, due to their complex features. Wettability, which is the measurement of oil-
matrix interactions, requires in-depth understanding from the microscopic perspective. In
this study, the density, interfacial tension and viscosity of eleven common components in
shale oil are calculated using molecular dynamics simulations. Then a molecular model of
Gulong shale oil is built, based on the reported experimental results and simulations.
Compared with the variation in hydrocarbon content, the change in polar component
content leads to more significant variations in the physical properties of shale oil. This
molecular model is also employed to investigate the wettability of shale-oil nanodroplets
on minerals and organic matter, with or without the surrounding aqueous phase. This work
suggests fresh ideas for studying the oil-matrix interactions on the nanoscale and provides
theoretical guidance for shale oil exploitation.

1. Introduction
With the increasing global energy demand, unconventional

oil and gas have become an important part of the future energy
structure (Zou et al., 2019). In August 2021, the discovery of
Gulong shale oil was announced, and it attracted widespread
attention due to its huge reserves (1.268 billion tonnes worth of
geological reserves). The storage space of shale oil is highly
heterogeneous, and the presence of hierarchical micro-nano
pores has an important influence on the storage and transport
of shale oil (Huai et al., 2020; Jin et al., 2021). Many classical
theory and concepts, such as capillary condensation theory,
multiphase seepage theory, contact line dynamics and contact
angle are used to describe the mechanism of solid-liquid-
gas interactions and enhanced oil recovery, which has been
proposed as one of the six key scientific problems in the

production of Gulong shale oil (Sun et al., 2021). Meanwhile,
the flow mechanisms of the fluid in pore which have been
widely studied (Cai et al., 2014 and 2021; Liu et al., 2020;)
play an important role in exploiting shale oil. Due to the small
pore throat structure of shale oil reservoirs and the complex
fluid phase state, the experimental investigations on shale oil
have focused on the microscopic scale. To this end, Jin et al.
(2021) analyzed the distribution of movable shale oil using
the charge effect of electron beams, which is an intuitive
manifestation of the difference in electrical conductivity of the
specimens. Generally, the pore size of Gulong shale reservoir
ranges from 10 to 50 nm, which were measured by the mercury
injection method. However, field emission scanning electron
microscopy observed the existence of shale oil in a pore with
size of 9 nm, which breaks the knowledge that the lower limit
of oil-bearing pore size is 20 nm (He et al., 2022). At the
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same time, important progresses have been made in multi-
scale digital core technologies such as mineral composition
analysis and digital rock fracture propagation simulation (Jin
et al., 2021). Because of the tight storage space of Gulong
shale oil, the interface effect is expected to play a dominant
role and the microscopic interactions between oil and reservoir
matrix become quite important. In recent years, molecular
dynamics (MD) simulation has proved itself a powerful re-
search method in providing the atomic details of dynamic
behaviors. Besides, it can calculate many physical properties
and interfacial processes from a microscopic perspective, such
as viscosity and interfacial tension of shale oil, adsorption
and desorption behavior of oil film on the surface of rock.
These results can be compared directly or indirectly with
the experiments, which further provides a cross-scale and
comprehensive understanding for the exploitation of shale oil.

The surface wettability is a significant manifestation of
the strength of microscopic oil-rock interactions (Haagh et
al., 2017). The wettability of shale oil on difference kinds
of reservoir matrix determines the distribution of the shale
oil in the micro-nano pores (Gong et al., 2016). The contact
angle has been widely adopted to quantitatively describe the
surface wettability. It has been reported that the measured
contact angle shows a clear dependence on the oil component
ratio (Zhong et al., 2013; Chang et al., 2018). Moreover,
different drive methods may alter the wettability of reservoir
matrix (Gong et al., 2016). For example, after the water or
polymer drive, the wettability can be changed to the oil-wet
state from the initial water-wet condition, which may block
water channeling and thereby improve the sweep efficiency.
On the other hand, the surface wettability also affects the flow
characteristics of shale oil in nanopores, which are of great
significance in the exploitation process (Golparvar et al., 2018;
Zhang et al., 2019; Shaat et al., 2020; Sui et al., 2020; Hong
et al., 2022).

In fact, the components of shale oil are quite complex,
and an appropriate molecular model of shale oil is the first
priority to obtain accurate understanding on the underlying
physics based on MD simulations. Many previous MD studies
used only individual hydrocarbon component to investigate the
interactions between oil and reservoir matrix, rather than the
mixed oil model (Falk et al., 2015; Wang et al., 2016; Zhao
et al., 2019; Sui et al., 2020). However, the density, interfacial
tension and viscosity of individual hydrocarbon can not repro-
duce the properties of real shale oil exactly. These properties
are fundamental to recognize the dynamic process of shale oil
exploitation. The viscosity is important for the characterization
of heat, mass, and momentum transfer (Manjunatha et al.,
2021). The interfacial tension is of particular relevance in
wetting phenomena and mass transfer across phase boundaries.
Accurate information on the viscosity and interfacial tension
are also helpful to establish a reliable connection between MD
simulations and experiments.

Low density (less than 0.84 g/cm3) and low viscosity (less
than 0.8 mPa · s) are important characteristics of Gulong shale
oil that distinguish it from other continental shale oils (Sun et
al., 2021). The present work puts forward some suggestions on
building the molecular model of Gulong shale oil, according

to the characteristics of SARA (saturate, aromatic, resin and
asphaltene) components in shale oil (Cao et al., 2016; Wang
et al., 2018). Density, interfacial tension and viscosity are
calculated for not only each component separately, but also
their mixture. Properties of shale oil with different component
ratios are investigated to study the influence of individual
component. At last, the wettability of nanodroplets of the
modeled shale oil on various kinds of reservoir matrix are
discussed, and the effect of aqueous phase on contact angle
was analyzed. This work provides theoretical guidance for the
extraction of shale oil.

2. Methodology and simulation

2.1 Model
The complexity of shale oil components must be consid-

ered in the modeling and simulations. Shale oil consists of
hydrocarbons and non-hydrocarbons. Hydrocarbons are the
main component of shale oil, including chain alkanes, naph-
thenes, benzene, etc. Non-hydrocarbons mainly include sulfur
compounds, oxygenates and nitrogen compounds. Sulfur can
appear in the form of hydrogen sulfide, mercaptan, sulfide,
etc. The nitrogen-containing compounds identified in shale
oil are mostly pyridine and quinoline. The oxygen-containing
compounds can be divided into acidic oxygen-containing com-
pounds and neutral oxygen-containing compounds. The former
includes naphthenic acid, fatty acid, etc., while aldehydes and
ketones belong to the latter. The first research objective of this
work is to build a molecular model for shale oil according to
the least experimental results of Gulong shale oil in Daqing
Oilfield (Sun et al., 2021). Specifically, the asphaltenes can
be neglected in the molecular modeling, because the mass
proportion of asphaltene in Gulong shale oil is too small
(generally < 0.4%). As a contrast, saturated hydrocarbons
account for more than 80% of the total mass (Sun et al.,
2021). The gas chromatographic analysis results show that
the carbon chain of Gulong shale oil is short, and a length
of 12 carbon atoms takes up a considerable portion. Thus
dodecane is chosen as one of the representatives to model
hydrocarbons in this work. Besides, ten other components are
selected to build the molecular model of shale oil, as shown in
Fig. 1(a)-1(k). All these eleven components can be classified
into saturated hydrocarbons, aromatic hydrocarbons and resin.
Hexane, dodecane, 3-methylpentane and methyl cyclohexane
belong to saturated hydrocarbons, which will be abbreviated
respectively as S1, S2, S3 and S4 in the subsequent context, as
shown in Fig. 1(a)-1(d). As for aromatic hydrocarbons, A1 and
A2 are used to denote benzene and toluene, which are shown
in Fig. 1(e)-1(f). In a similar way, Heptanal, phenol, heptatonic
acid, quinoline, and hexanethiol which are represented by R1,
R2, R3, R4 and R5 are constituent parts of resin, as shown
in Fig. 1(g)-1(k). These components have been widely used to
study shale oil in MD simulations (Mikami et al., 2013; Sedghi
et al., 2016; Tian et al., 2018; Xiong et al., 2019; Abdel-Azeim
et al., 2021; Zhang and Guo., 2021).

X-ray diffraction and nuclear magnetic resonance charac-
terizations have reported that shale oil reservoirs contain both
organic matter, i.e., kerogen (Xu et al., 2021) and a variety of
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Fig. 1. Schematic diagram of shale oil components (a-k) and reservoir matrixes (l-q). (a) hexane (S1), (b) dodecane (S2), (c)
3-methylpentane (S3), (d) methyl cyclohexane (S4), (e) benzene (A1), (f) toluene (A2), (g) heptanal (R1), (h) phenol (R2), (i)
heptatonic acid (R3), (j) quinoline (R4), (k) hexanethiol (R5), (l) portlandite, (m) kaolinite, (n) quartz, (o) calcite, (p) chlorite,
(q) kerogen.

inorganic minerals, such as quartz, calcite and clays (Wu et
al., 2015; Wang et al., 2018). In this study, quartz, portlandite,
calcite, chlorite and kaolinite are selected to analyze the
interactions between shale oil and inorganic minerals. The
schematics of these molecular structure are shown in Fig. 1(l)-
1(q).

2.2 Simulation method
In presented MD simulations, the atomic interactions were

modeled by 12-6 Lennard-Jones potential coupled with a polar
term to consider both the van der Waals and Coulombic forces
(Fennell et al., 2006; Chen et al., 2019). The potential energy
was calculated using the following formula:

E = 4ε

[(
σ

r

)12
−
(

σ

r

)6
]
+

Cqiq j

ε0r
r < rc (1)

where ε is the energy parameter, kcal/mol; σ is the length
parameter, Å; qi and q j are the charges on atom i and j, e;
C is an energy-conversion constant, and ε0 is the dielectric
constant, C2/(N ·m2); r is the distance between two atoms, Å;
rc is the cutoff distance for the van der Waals and short-range
electrostatic forces, which is set to be 12 Å. The long-range
Coulombic interactions are calculated using particle-particle-
particle mesh solver (Kelkar et al., 2007), which evaluates
Fourier series directly with a desired relative error in forces
of 1×10−4. The ClayFF force field was used to describe the
minerals (Cygan et al., 2004), while the oil molecules were
simulated by OPLS-AA force field (Siu et al., 2012). All the
MD simulations were implemented by LAMMPS (Plimpton,
1995).

To calculate the shear viscosity of shale oil, the Green-
Kubo method based on equilibrium MD simulations was
employed (Sun and Bai, 2018). The shear viscosity η (Pa · s)
is calculated from an integral over time of the pressure tensor
autocorrelation function:

η =
V

kBT

∫
∞

0

〈
σxy(t)σxy(t)

〉
dt (2)

where V is system volume, m3; kB is Boltzmann constant; T
is temperature, K; σxy is pressure tensor component, Pa; 〈〉
denotes the time correlation function.

The interfacial tension γLV (N ·m) was calculated using
the method proposed by Kirkwood and Buff (Kirkwood et
al., 1949), that is, integrating the stress difference along the
vertical direction (z-axis) of a liquid film:

γLV =
∫ +∞

−∞

[PN (z)−PT (z)]dz (3)

where PN(z) and PT (z) are the normal stress and tangential
stress of the atom at coordinate z, Pa, respectively, as shown
in Fig. 2(a).

3. Results and discussion

3.1 Physical properties of individual oil
component

The physical properties of eleven components were calcu-
lated under two different conditions. One is normal tempera-
ture (300 K) and pressure (1 atmosphere), which is referred
to as NTP. The other one is formation temperature (400 K)
and pressure (33 atmosphere), abbreviated as FTP (He et al.,
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Fig. 2. (a) Density distribution (ρm), tangential stress (PT ) and normal stress (PN) of an oil film along the z direction at 400 K,
33 MPa. The black line represents the mass density distribution. Blue and red lines represent the normal and tangential stress,
respectively. (b) Variation of the calculated viscosity of shale oil with simulation time. The red, green and blue lines show the
shear viscosity in the three directions, and the black line is the average.

2022). The density of each component were summarized in
Table 1. The MD results of interfacial tension and viscosity
are provided Tables 2 and 3, respectively. In addition, these
MD results are compared with the experimental data (Ma et
al., 2013), and the relative deviation (RD) is given.

Table 1 shows that the density of all components at FTP are
smaller than the density at NTP. In conventional knowledge,
the increase in pressure would lead to an increment in the
density of liquid, while the increasing temperature decreases
the liquid density. The density reduction indicates that the tem-
perature is dominant over pressure in influencing the density
of shale oil. In addition, the increase in the carbon chain will
result in larger density. The densities of S1 (0.63 g/cm3) and S3
(0.64 g/cm3) under NTP shows that the branched chains have
an insignificant effect on the density. We can also speculate
from Table 1 that, for the same length of carbon chain, the
density of non-hydrocarbon compounds is generally larger
than that of hydrocarbon compounds due to stronger van der
Waals interactions between the molecules of non-hydrocarbon.

To calculate the interfacial tension, an oil film with a
vacuum layer in z direction was constructed. Then the tan-
gential, normal stresses and the mass density distribution in
the z direction were calculated, as shown in Fig. 2(a). When
calculating the viscosity, the isothermal-isobaric ensemble was
used to control the temperature and pressure for 0.2 ns.
Then, equilibrium MD simulations were conducted under the
isochoric-isothermal ensemble with a Nose-Hoover thermostat.
The accuracy of the Green-Kubo method to calculate the
viscosity depends on the average number of stress-tensor auto-
correlations. Simulations show that a relatively stable value of
viscosity can be obtained by averaging the autocorrelation for
2000 times, as shown in Fig. 2(b). Analogous to the analysis
on density, we found that the length of carbon chain has more
noticeable influence on interfacial tension and viscosity, while

the effect of branched chains is not significant. The interfacial
tension of polar compounds is larger than that of hydrocarbon
compounds. Besides, the viscosity of polar compound can
reach ten times more than that of hydrocarbon compound,
albeit with similar carbon chain length. The underlying physics
can be explained by the difference in surface electrostatic po-
tential. Polar functional groups will result in stronger attraction
between molecules than the neutral functional groups.

3.2 Molecular model of shale oil with mixed
components

Experiments have confirmed that the content of saturated
hydrocarbon, aromatic hydrocarbon, resin and asphaltene in
Gulong shale oil was 84.2%, 9.7%, 8.0%∼18.6% and less
than 0.4%, respectively (Sun et al., 2021). These results
provide us key benchmarks to build the molecular model.
According to the experiments, the mass ratio of saturated
hydrocarbons (75%), aromatic hydrocarbons (10%) and resins
(15%) was first considered in this work. Then the number
ratio of each component can be determined. For saturated
hydrocarbons, the four components were mixed in the same
mass ratio, but different number of molecules. The same rule
was implemented for aromatic hydrocarbons and resins. Based
on this proposed strategy, the molecular model of Gulong
shale oil was provided here, as shown in Fig. 3. This model
consisting of 1,000 molecules was put in a cubic box with a
side length of 6 nm, containing 214 hexane (S1), 108 dodecane
(S2), 247 3-methylpentane (S3), 187 methyl cyclohexane (S4),
63 benzene (A1), 53 toluene (A2), 26 heptanal (R1), 31 phenol
(R2), 23 heptatonic acid (R3), 23 quinoline (R4) and 25
hexanethiol (R5). The model can be scaled up according to
specific requirements.

Then, the density, interfacial tension and viscosity of this
modeled shale oil were calculated in MD simulations under
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both NTP and FTP. At NTP, the density is 0.74 g/cm3, the
interfacial tension is 15.33 mN/m and the viscosity is 0.44
mPa · s, while the density, interfacial tension and viscosity are
0.72 g/cm3, 5.34 mN/m and 0.26 mPa · s at FTP, respectively.
The MD results are in good agreement with the density (less
than 0.84 g/cm3) and viscosity (less than 0.80 mPa · s) of
Gulong Shale oil derived from the experiments (Sun et al.,
2021). When the simulation condition changed from NTP
to FTP, the density was reduced by only 2.7%, while the
interfacial tension was reduced by 65.2% and the viscosity
was reduced by 40.9%. Combined with the results shown in
Tables 1-3, the interfacial tension and viscosity of shale oil
are more sensitive to temperature than to pressure.

OC H N  S

Fig. 3. Molecular model of shale oil with mixed components.
Gray, white, red, blue and green represent carbon, hydrogen,
oxygen, nitrogen and sulfur, respectively.

3.3 Influence of individual component
MD results given in Tables 1-3 have shown that the

properties varies with different individual components. It is an-
ticipated that the overall properties of shale oil depends on the
content of each component. For this reason, here the influence
of certain substance was analyzed. Hexane (S1) has relatively
lower density, interfacial tension and viscosity, which is about
only 80% or less of the mixed model given in Fig. 3. If the
hexane (S1) content increases, the density, interfacial tension
and viscosity of shale oil decrease accordingly, as shown in
Fig. 4(a). On the contrary, phenol (R2) exhibits relatively
higher density, interfacial tension and viscosity, compared with
other components. Consequently, with the increase of phenol
(R2) content, the density, interfacial tension and viscosity
of shale oil will increase obviously, as shown in Fig. 4(b).
In order to present all data in the same plot, all quantities
are normalized using ρ∗ = ρ/ρ0, γ∗ = γ/γ0, η∗ = η/η0, in
which ρ0 = 1.5 g/cm3, γ0 = 10 mN/m, η0 = 0.4 mPa · s. The
change in phenol (R2) content has a greater influence on the
physical properties of shale oil, indicating that the content of
polar substances is an important factor affecting the physical
properties of shale oil. This analysis suggests that it is feasible
to predict the overall properties of shale oil based on the
properties and contents of individual component.

3.4 Microscopic wettability
The contact angle of oil droplets on solid surface is an

important index to intuitively quantify the interaction strength
between shale oil and reservoir matrix. Smaller contact angle
manifests stronger oil-reservoir interactions. With the sug-
gested molecular model for Gulong shale oil provided in
Fig. 3, here we turn to investigate the contact angle of shale
oil on kerogen and five inorganic minerals (quartz, kaolinite,
calcite, chlorite and portlandite). To eliminate the line tension
effect, shale oil nanodroplets were built up into cylindrical

Table 1. Density of eleven components at NTP and FTP.

NTP (300 K, 1 atm) FTP (400 K, 33 atm)

Component
MD Reference RD MD Reference RD

(g/cm3) (g/cm3) (%) (g/cm3) (g/cm3) (%)

S1 0.63 0.65 -3.07 0.60 0.56 7.14

S2 0.81 0.74 9.46 0.73 0.67 8.96

S3 0.64 0.66 -3.03 0.52 0.58 -10.34

S4 0.81 0.76 6.58 0.74 0.68 8.82

A1 0.85 0.87 -2.30 0.70 0.77 -9.09

A2 0.83 0.86 -3.49 0.78 0.77 1.30

R1 0.80 0.82 -2.44 0.75 - -

R2 1.06 1.07 -0.94 0.97 0.98 1.02

R3 0.91 0.92 -1.09 0.87 - -

R4 1.13 1.10 2.73 1.07 - -

R5 0.81 0.84 -3.57 0.76 - -
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Table 2. Interfacial tension of eleven components at NTP and FTP.

NTP (300 K, 1 atm) FTP (400 K, 33 atm)

Component
MD Reference RD MD Reference RD

(mN/m) (mN/m) (%) (mN/m) (mN/m) (%)

S1 12.26 17.70 -30.72 3.98 - -

S2 19.06 24.75 -22.99 10.08 - -

S3 12.81 17.41 -26.44 3.68 - -

S4 32.23 23.08 39.67 20.08 - -

A1 20.29 - - 8.01 - -

A2 20.38 27.71 -26.45 9.12 - -

R1 22.48 26.17 -14.10 12.75 - -

R2 33.90 40.67 -16.65 22.98 30.51 -24.68

R3 26.38 27.60 -4.43 17.60 - -

R4 60.49 42.40 42.68 39.71 - -

R5 17.99 - - 7.52 - -

Table 3. Viscosity of eleven components at NTP and FTP.

NTP (300 K, 1 atm) FTP (400 K, 33 atm)

Component
MD Reference RD MD Reference RD

(µPa · s) (µPa · s) (%) (µPa · s) (µPa · s) (%)

S1 212.77 294.21 -27.68 168.85 131.22 28.68

S2 697.45 1339.31 -47.92 388.00 419.12 -7.43

S3 275.61 280.25 1.66 187.68 159.47 17.69

S4 849.41 662.65 28.18 473.71 269.65 75.68

A1 489.13 584.53 -16.32 134.94 214.44 -37.07

A2 414.66 536.60 -22.72 267.07 239.85 11.35

R1 580.87 - - 363.91 - -

R2 3527.14 3169.35 11.30 817.71 788.42 3.77

R3 1999.80 3680.69 -45.67 649.59 - -

R4 1294.03 3169.34 -59.17 657.86 633.91 3.79

R5 386.41 - - 243.18 - -

shapes with an initial radius of 4 nm (Fan et al., 2020).
The simulations were conducted in the isochoric-isothermal
ensemble with a temperature of 300 K. Periodic boundary
conditions were applied in the x and y directions, while the
reflective boundary condition is applied in the z direction. At
the beginning, the shale oil droplet was located on top of the
matrix with a certain distance. After the equilibrium simu-
lation, the oil droplet gradually approached and then spread
on the matrix surface because of the oil-matrix attraction.
The contact angle can be calculated using the density profiles
averaged over the cross section of the cylindrical oil droplet
perpendicular to its axis. By fitting the oil droplet shape to
a circle, the contact angle was obtained by calculating the

angle between the tangent of the circle and the horizontal
line defining the matrix surface. If the oil droplets are spread
completely into an oil film on the matrix surface, the contact
angle is defined to be 0°, as shown in Fig. 5(a)-5(d). The
contact angles of shale oil on quartz, and portlandite are 16◦

and 36°, respectively, as shown in Fig. 5(e)-5(f), indicating a
weaker oil-mineral interactions in these two cases.

The contact angle of oil droplets on these matrixes are
calculated with the surrounding aqueous phase. Oil-water-solid
interactions are widely involved in reservoir storage and in
the process of shale oil exploitation by water-driven methods
(Myint et al., 2015). Therefore, it is necessary to investigate the
influence of water. The simulations show that the contact angle
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of the oil droplets in the aqueous phase changes significantly
compared to the oil droplets without aqueous phase as shown
in Fig. 6. In the surrounding aqueous phase, the matrix surface
changes from oleophilic to hydrophilic, which makes shale oil
easier to peel off the matrix surface. It also explains the reason
why water driving can enhance oil recovery. For example,
the contact angle of the oil droplets on the calcite surface
changes from 0° to 180°, indicating that the wettability of the
calcite surface is reversed. According to Young’s equation, the
contact angle reflects the equilibrium of interfacial tensions at

the three-phase junction (Young, 1805). The presence of water
affects the oil-water and water-matrix interfacial tensions,
hence changes the contact angle of the oil droplets. However,
the amount of change in contact angle induced by water can
not be predicted directly from MD simulations. For example,
the contact angle of oil droplets on quartz varied from 16° to
180°, while it changed from 36° to 110° on portlandite surface.
The effect of water on the interfacial tension still requires
further investigation.
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Fig. 4. (a) Variation of density, interfacial tension and viscosity of shale oil with increasing mass fraction of hexane (S1). (b)
Variation of density, interfacial tension and viscosity of shale oil with increasing mass fraction of phenol (R2). For simplicity,
the properties are all normalized using ρ∗ = ρ/ρ0, γ∗ = γ/γ0, η∗ = η/η0, in which ρ0 = 1.5 g/cm3, γ0 = 10 mN/m, η0 = 0.4
mPa·s.

Fig. 5. Contact angle of shale oil nanodroplet. (a) kerogen, θ = 0◦, (b) chlorite, θ = 0◦, (c) kaolinite, θ = 0◦, (d) calcite, θ =
0◦, (e) quartz, θ = 16◦, (f) portlandite, θ = 36◦.
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Fig. 6. Contact angle of shale oil nanodroplet in aqueous phase. (a) kerogen, θ = 66◦, (b) chlorite, θ = 45◦, (c) kaolinite, θ

= 145◦, (d) calcite, θ = 180◦, (e) quartz, θ = 180◦, (f) portlandite, θ = 110◦.

4. Conclusions
In this study, a molecular model of Gulong shale oil was

proposed based on recent experimental results. The density,
interfacial tension and viscosity was calculated and show good
agreement with experiments. The influence of the properties of
individual component was discussed. Compared with hydro-
carbon compounds, polar compounds have a greater influence
on the physical properties of shale oil. The wettability of shale
oil reservoirs was investigated from a microscopic perspective.
For kerogen, chlorite, kaolinite and calcite, oil droplets spread
completely into an oil film on the matrix surface, which
manifests strong interactions. However, in the aqueous phase,
the contact angle of the oil droplets changes significantly,
indicating that the matrix surface changes from oleophilic to
hydrophilic, which may explain the reason why water driving
can enhance oil recovery. This work provides methodological
guidance for analyzing the interaction between shale oil and
reservoir matrix using MD simulation.
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