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Abstract 
The molecular dynamics method was used to study the adsorption characteristics of 
shale oil on the surface of kerogen slits with different maturity. The graphite surface was 
modified with carbonyl functional groups to construct a surface with O/C=0.163, 0.12, 
0.053, 0.013, 0, and a 10 nm fracture model was constructed to study its adsorption 
characteristics for C15H32 shale oil. The results show that by adjusting the ratio of 
modified functional groups, adsorption models with wetting angles of 85.77°, 104.6°, 
111.8° and 116.5° were successfully constructed. Since the interaction energy between 
water molecules and the quartz surface changes drastically, the adsorption of water 
molecules on the kerogen surface is the main reason for the continuous change of the 
wetting angle. 
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1. Introduction 

In addition to the massive development of micro- and nano-scale pores, the presence of organic matter 
pores and fractures is the most important feature of shale reservoirs [1], in which kerogen is an 
important part of the organic matter that makes up shale, so it is necessary to further investigate the 
relevant properties of shale based on this feature. In shales, kerogen are dispersed in the inorganic 
matrix and molecular phenomena such as hydrocarbon adsorption often occur within the kerogen, 
forming one of the main mechanisms for hydrocarbon storage [2]. The kerogen in shale also usually 
has several nanometer pore sizes and porosity of more than 30%. Thus, the significant surface area 
to volume ratio of the kerogen pores creates conditions for hydrocarbon fugacity, and their adsorption 
on kerogen roots contributes significantly to the calculation of shale oil content [3]; in addition, pore 
confinement has a significant impact on adsorption and phase behavior. 

With geological evolution [4], the maturation of kerogen is constantly changing, and this maturation 
evolution is often accompanied by changes in chemical elements [5]. It has been reported in the 
relevant literature that hydrocarbons and functional groups are lost as the kerogen evolves during 
maturation [6]. The increasing maturity is often accompanied by decreasing H/C and O/C ratios. As 
the maturity of kerogen continues to evolve, many papers have found a strong relationship between 
maturity and wettability. For this reason, this article will explore the relationship between maturity 
and wettability by adjusting the surface O/C ratios to simulate different maturity of kerogen [7], which 
can guide the development of shale oil resources [8-10]. 
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2. Models and Method 

2.1 Model Construction 

Due to the complex structure of kerogen, it is more common to use graphene as the main component 
to simulate kerogen, and the design of the model should consider both the computational efficiency 
and the reliability of the model, given the computational simplicity of the simulation and the 
representativeness of the model, graphene was chosen to simulate kerogen in this chapter, and the 
specific graphene cell structure is shown in Fig. 1. 

 

 
Fig. 1 Graphene unit cell model 

 

          
(a)                            (b) 

Fig. 2 Models: (a) shale oil mode (b) atomic type 

2.1.1 Wettability Gradient Model 

Based on the exported graphene, use Supper Cell in Symmertry under the build module to Supercell 
the graphene model, and finally construct a square graphene model with model parameters A=42.6 
Å, B=36.9 Å. Bagri et al. reported that the most stable and favorable structures within the graphene 
basal plane include carbonyl groups compared to other oxygen-containing functional groups. 
Therefore, the carbonyl group (-C=O) was chosen to modify the graphene surface. 

 

                           
(a)0×0                      (b) 2×2                       (c) 4×4 

                
(d) 6×6                      (e) 7×7 

Fig. 3 Different O/C Kerogen Models 
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Fig. 3 Surface models of quartz modified by methyl and hydroxyl groups in different proportions 

To simulate the real shale reservoir situation, a three-phase system of "saturated pentadecane-water- 
kerogen" was established to simulate and calculate the contact angle, as shown in Fig. 4. 

 

 
Fig. 4 Wettability simulation box 

2.1.2 Simulation Method 

During the molecular dynamics simulation, the entire rock except the surface was fixed, and periodic 
boundary conditions were imposed in the X, Y, and Z directions, and the cutoff value was 12.5 Å. 
The interaction between atoms adopts the CAMPASS force field, the ensemble is an NVT ensemble, 
the simulation time is 2 ns, the simulation step is 1 fs, and a frame is output every 5000 steps to 
observe the dynamic process of the simulation. When the system reaches an equilibrium state, the 
last 1 ns is used for statistics related data. The temperature is the reservoir temperature of 363 K, the 
Nose thermostat method is used to control the temperature balance, the CAMPASS force field is used 
for the force field, the Ewald method is used for the electrostatic interaction force, and the Atom 
based method is used for the van der Waals force simulation. 

3. Results and Discussion 

Fig. 5 shows the change trend of wettability of kerogen with different maturity. It can be seen from 
the longitudinal comparison that the image after equilibrium (1.5ns - 2ns), with the increase of 
kerogen O/C ratio with increasing, the contact angle between water molecules and kerogen gradually 
decreased. When the oxygen-to-carbon ratio is 0, although the initial water molecule clusters are in 
direct contact with the kerogen surface, as the simulation time goes on, the water clusters gradually 
separate from the kerogen surface, and the space they originally occupied It is filled with saturated 
pentadecane, and the water cluster and the kerogen surface are indirectly contacted by saturated 
pentadecane. Since the water molecule cluster and the kerogen surface do not form mutual contact, 
the contact angle cannot be characterized at this time. With the increasing O/C ratio, it can be clearly 
seen that direct contact between water molecules and the kerogen surface begins to form. When the 
oxygen-carbon ratio is 0.013, the water clusters begin to occupy the surface of the kerogen gradually, 
so that the originally adsorbed saturated pentadecane is stripped off, and the contact angle of the water 
molecule clusters on the surface of the kerogen is larger at this time. A relatively hydrophobic surface 
is formed. When the maturity further decreased, the amount of saturated pentadecane adsorbed on the 
surface of kerogen gradually increased, and the contact area of water molecule clusters on the surface 
of kerogen gradually increased. When the oxygen to carbon ratio is 0.163. The water clusters occupy 
the largest space on the kerogen surface, forming a smaller contact angle. 
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Fig. 5 Wetting behavior of kerogen water clusters at different maturity levels 

 

Fig. 6 shows the variation of the contact angle of water clusters under different O/C ratios with time. 
For each contact angle calculation, the three points before and after the simulation time are calculated 
and the average value is obtained, as far as possible. reduce mistakes. With the continuous increase 
of the simulation time, when the oxygen-carbon ratio is 0.163, the contact angle is finally stabilized 
at 85.77°, and when the oxygen-carbon ratio is 0.12, the contact angle is 104.6°. The kerogen surface 
forms a neutral contact angle. When the oxygen-carbon ratio is 0.053, the contact angle is 111.8°, and 
the contact angle gradually increases. When the oxygen-carbon ratio is 0.013, the contact angle is 
116.5°. A relatively hydrophobic contact angle. Since the water molecule clusters do not form direct 
contact with the kerogen surface when the oxygen-to-carbon ratio is 0, the case of the contact angle 
cannot be calculated. 

 

 
Fig. 6 Wetting angle variation with time 
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4. Conclusion 

This paper mainly simulates the wetting behavior of kerogen surfaces with five different maturity 
levels (O/C=0; O/C=0.013; O/C=0.053; O/C=0.12; O/C=0.163). It can be clearly seen from the 
simulation results that when O/C=0, the surface of kerogen is basically occupied by saturated 
pentadecane because there is no direct contact between water molecules and the surface of kerogen, 
and the contact angle cannot be calculated quantitatively; when O/C=0, the contact angle gradually 
decreased from 116.5° to 85.8° with the increasing O/C ratio, and the downward trend was obvious. 
When O/C=0.163, the kerogen surface exhibited neutral wetting. 
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