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Reservoir Wettability Formation and Alteration:

A Molecular Simulation Study

Zhong Jie (Materials Science and Engineering)

Directed by Prof. Zhang Jun

Abstract

Reservoir wettability is an imperative factor for oil recovery. At present, using
surfactants is one of the most common methods to alter the reservoir wettability. However,
due to the complex interaction between solution/solution and solution/rock, the process of
wettability alteration is not clear. Therefore, it is necessary to develop the fundamental
research for the wettability alteration. In this paper, molecular simulation is utilized to study
the wettability formation and alteration of reservoir, and the oil recovery improved by
wettability alteration is discussed as well.

During the reservoir formation process, adsorption of oil compounds can alter the
wettability of originally water-wet reservoir. The simulation results show that the formation
of reservoir wettability can be divided into two processes. Firstly, the polar components in
crude oil have a priority to migrate through water film and adsorb on the mineral surfaces,
and the wettability turns from water-wet to oil-wet preliminary. And then, the pre-adsorption
polar molecules would promote the adsorption of apolar components, which makes the
oil-wet reservoir formed.

The surfactants can alter the reservoir wettability effectively, and changing the
wettability from oil-wet to water-wet. The simulation results show that there are two kinds of
methods for surfactants to alter the wettability. Firstly, the tails of surfactants have strong
hydrophobic interaction with oil-wet surface, and making the surfactants form self-assembly
monolayer on the rock surface. And then, the hydrophilic groups of surfactants exposed on the
surface, and making the oil-wet surface changed to water-wet surface. Secondly, the
surfactant decreases the adhesive work between oil film and rock surface, which make the oil

detached from rocks. And then, the hydrophilic rock surface exposed, making the oil-wet



surface changed to water-wet surface.

The wettability alteration can improve oil recovery. The simulation results show that as
the enhancement of surface hydrophilic, the interaction strength between water molecules and
surface would increase, and the water molecules would form a film on rock surface. This
tightly bounded interfacial water would provide physical and energy barrier to impede the oil
spreading on surface, and making the oil detached from surface. Therefore, the oil can be
more easily exploited from the hydrophilic rocks.

Keywords: Reservoir wettability, molecular simulation, microscopic mechanism,

surfactant
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Figl-1 The schematic illustration of the contact angle
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Fig 2-1 The molecule structures of (A) decane (B) methyl benzene (C) pyridine (D) acetic acid
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Table 2-1: Dipole moment of different organic components
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Fig 2-2 The (a) initial configuration and (b) equilibrium configuration of (1) decane-water (I1) methyl
benzene-water (111) pyridine-water (1V) acetic acid-water on silica surface.
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Fig 2-4 The initial configuration of (1) decane (1) methyl benzene (111) pyridine (1V) acetic acid on
silica surface
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Table 2-2 Total interaction energies Eo, van der Walls potentials E 4w and electrostatic potentials
E¢e between different components and silica surface

organic component  Eqrganicisitica /KJ oI™ Eee/kJ mol™ Eaw/kJ mol™
decane -2.68 -0.08 -2.64
methyl benzene -2.80 -0.17 -2.64
pyridine -4.39 -0.75 -3.64
acetic acid -13.10 -11.63 -1.46
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Fig 2-5 The distance between silica and specific atoms of polar molecules
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Fig 2-6 The (a) initial configurations and (b) equilibrium configurations of (I) decane-water (I1)
methyl benzene-water (I11) pyridine-water (1V) acetic acid-water systems.
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Table 2-4 Total interaction energies Eo, van der Walls potentials E, 4w and electrostatic potentials
Ecou between different components and silica surface before and after adsorption of pyridine.

organic component Eorganicssitica /kJ Mol Eqje /kJ mol™ Eyaw/kJ mol™
decane -2.68 -0.08 -2.64
decane(after adsorption) -7.70 -0.13 -1.57
methyl benzene -2.80 -0.17 -2.64
methyl benzene(after adsorption) -10.59 -1.13 -9.46
water -2.97 -2.89 -0.08
water(after adsorption) -2.18 -1.80 -0.38
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Fig 3-3 The schematic illustration of surfactants adsorbed on the oil-wet rock surface
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Table 3-1 The interaction energies(E,) and coulomb interaction (Eoy) and van der Waals
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Fig 3-10 The equilibrium configuration of oil detachment from the silica surface using surfactants
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Figure 3-10 The snapshots of the shrinking of solid-oil-water contact line
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Table 3-2 The atom charge distribution
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Fig 3-11 The distance distribution of the oil and water molecule on the silica surface
(a) oil; (b) water
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Fig 3-13 The contact angle of oil on rock surface with the simulation time increased
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Fig 4-2 The adsorption configuration of water droplet on SAMs
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Table 4-1 The adsorption configuration of water droplet on SAMs
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Fig 4-5 Geometrical parameters for the calculation of the contact angle 0
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Fig 4-6 Radial density distribution profiles for oil droplet on SAM surfaces
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Table 4-2 The contact angle of oil droplet 8,, on SAM surfaces

SAM -CH; -OCHj, -COOCHs -NH; -OH -COOH
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r 29.68 25.77 21.35 14.36 11.03 9.92
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Table 4-3 Fractional free volume (FFV) of oil droplet on SAM surfaces
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Table 4-4 Non-bond interaction energies Eying, Van der Waals potentials E,q, and electrostatic
potentials Egc between oil droplet and SAM surfaces

SAM Eping/KJ mol™ Evaw/KJ mol™ Eelec/KJ mol™
CHs 50.55 50.38 0.17
OCHj 53.36 52.95 0.41
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COOH 74.99 73.93 1.05
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Table 4-5 Non-bond interaction energies Eying, Van der Waals potentials E,q4, and electrostatic
potentials Eg. between water molecules and SAM surfaces

SAM Epina/KJ ol ™ E\gw/KJ ol ™ Eelec/KJ ol ™
CH; 23.61 22.52 1.09
OCHjs 76.6 31.6 45
COOCH; 88.75 31.79 56.96
NH, 198.82 3.46 195.37
OH 313.27 -35.89 349.16
COOH 333.33 -21.78 355.11
L’\- 3.5‘{5 ttl.‘),w
W Ay 3
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l 200 i
-OCH;:1.33 Debye -OH: 1.74 Debye
-COOCHj;: 1.91 Debye -COOH: 1.77 Debye
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Fig 4-7 The dipole moment of six different terminated groups, and the equilibrium distance of
specific atoms between water molecules and SAM surfaces.
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Fig 4-8 The density distribution of water molecules on -COOH surface at different time
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Fig 4-9 The configurations of oil droplet on -COOH surface at different simulation time. The light
green lines are the hydrogen bonds.
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Fig 4-10 The self-diffusion coefficients of interfacial water molecules on SAMs
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