
Research Article Open Access

Agbor and Yolo, Oil Gas Res 2023, 9:3

Impact of super-critical CO2 on water/oil interfacial tension: A molecular 
dynamics case study
Yannick Agbor* and Barco Yolo
University of North Dakota, Department of Petroleum Engineering

*Corresponding author: Yannick Agbor, University of North Dakota, Department 
of Petroleum Engineering, E-mail: yannick_agbor@yahoo.com

Received: 1-Mar-2023, Manuscript No. ogr-23-88865; Editor assigned: 4-Mar-
2023, PreQC No. ogr-23-88865 (PQ); Reviewed: 18-Mar-2023, QC No. ogr-23-
88865; Revised: 25-Mar-2023, Manuscript No. ogr-23-88865 (R); Published: 31-



Page 2 of 5

Citation: Agbor Y, Yolo B (2023) Impact of super-critical CO2 on water/oil interfacial tension: A molecular dynamics case study. Oil Gas Res 9: 294.

Volume 9 • Issue 3 • 1000294Oil Gas Res, an open access journal
ISSN: 2472-0518 

behavior of CO2 distributing at water-oil interface. Most of the previous 
simulations use oil as a single component such as hexane, heptane, 
and octane, which do not represent the bulk oil composition usually 
produced from the reservoir.

In this work, the main objective is to study the in�uence of 
supercritical CO2  (scCO2) on water–oil interface in a typical mixture 
of Bakken �uid. In addition, the e�ect of CO2 on the contact angle of 
water when wetting a kerogen-like surface will be investigated. �e 
results from this work may help better understand the mechanism of 
scCO2  impact on water–oil interface, which is of great interest in the 
design of CO2- EOR in tight shale plays.

Methodology
�e composition of Bakken oil sample for our simulation is taken 

from literature [18].�e oil composition proposed by Nojabae et al 
(2016) was used to construct a model for the oil phase in the molecular 
dynamics simulations. �e alkanes are modeled with linear structure, 
namely n-alkanes. �e number of each component (pure hydrocarbon) 
and their corresponding composition in the oil phase is shown in Table 
1.1, and the phase envelope of the �uid sample is also shown in Figure 
1.1. �e TRAPPE force �eld in GROMACS was used to determine the 
interfacial tension between water and oil. To check if the interfacial 
tension of the water/oil mixture can be accurately calculated by the 
chosen force �eld, the interfacial tension between the liquid and vapor 
phase for pure hydrocarbons in the oil mixture was calculated. Molecules 
of each pure component are placed in a simulation box and the system 
is equilibrated in the NVT ensemble, at a temperature of 293K for 4ns. 
�e initial box size is calculated from PACKMOL’s volume guesser 
utility. �e NVT equilibration run is followed by another 4ns NPT run 
under a pressure of 1 bar. �e Ewald summation (PME) was used for 
electrostatic interactions, and the cut-o� distance was set at 1.2 nm. �e 
Modi�ed Velocity rescale thermostat with a stochastic term (Bussi et al., 
2007) and Berendsen barostat where used for temperature and pressure 

coupling respectively. �e leapfrog integration method with a time 
step of 2 fs was implemented, and all bonds were constrained by the 
SHAKE algorithm. �e electrostatic interactions are calculated using 
the Particle Mesh Ewald (PME) while the van der Waals  interactions 
are represented by 12-6 Lennard-Jones function. 
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D0 is the depth of potential well, R0 is the Lennard-Jones radius, 
and R 
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Figure 1.3 shows our initial oil-water interface and oil- CO2 –water 
interface respectively. �e same procedures were done when placing 
CO2 molecules into the oil cell and calculating the water-oil+CO2 
interface system.

As depicted in Fig 1.3, there is a constant interfacial area between 
water and oil at all times in the simulation. Addition of supercritical 
CO2 into the water-oil mixture causes changes in the interfacial region 
due to its miscibility in the oil and changes in the oil/water IFT. (Figure 
1.3b and 1.3c). Since IFT is an equilibrium property the system was 
equilibrated for 5ns a�er the addition of scCO2 followed by a 10 ns 
production run.

�e interfacial tension can be calculated based on our molecular 
dynamic simulation results (Lopez-Lemus et al., 2008)

( ) ( ) ( )( , ,nn tt nt P n t P n t dg = -ñ 			              (4.3)

where n is the axis normal to the interface, and hence Pnn and Ptt are 
normal and tangential components respectively of the pressure tensor 
P. Note that in the simulation the Z-axis is normal to the interface, 
and therefore the interfacial tension can be calculated by averaging the 
instantaneous interfacial tension 
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