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Molecular Simulation of Wettability Alteration of Oil-wet

Rock Using Surfactants

Qiao Gui-min (Materials Science and Engineering)

Directed by Prof. Zhang Jun

Abstract

Wettability affects the oil recovery through controlling the distribution and flow of the
stratum fluid, and it can be altered by adding surfactants. However, the wettability alteration
process is so complex which refers to the interaction between rock, oil, water and surfactant
that the microscopic mechanism is not clear, and it hinders the application of surfactant
flooding. In this paper, the nonionic surfactants, diethylene glycol monododecyl ether(Ci2E>)
and tetraethylene glycol monododecyl ether(Ci2E4), were chosen to study the microscopic
mechanism of wettability alteration of oil-wet rock, and discuss the effect of oil distribution
and migration by different types of wettability.

Simulation results show that silanization silica surface is strong hydrophobic, and it can
be used to simulate the oil-wet sandstone. With the nonionic surfactants concentration
increasing, the adsorption structure changes from the random film to the hemi-micelle, and
forms self-assembled monolayer finally which the hydrophobic chains adsorb on the surface
vertically, and the hydrophilic groups are away from the surface. Compared to Ci,E,, the
Ci2E4 forms self-assembled monolayer in the lower concentration and more orderly.

The contact angle of water is far lower than 90° when the surfactants adsorb on the
oil-wet rock. It indicates that the wettability has been altered from oil-wet to water-wet, and
the microscopic process could be described that the surfactants interact with rock through the
hydrophobic interaction, while the hydrophilic group is away from the rock to form the new
surface. The hydrophilic property of new surface is the cause of water and surfactant exist
strong coulomb interaction and hydrogen bonding interaction, which could overcome the
cohesive force of the droplet to destroy the original structure. Compared to CiE,, the
interaction between C,,E4 and water is higher, so C12E4 has stronger ability to alter wettability
of oil-wet rock.

In the microchannel of oil-wet rock, oil can adsorb on the surface stably. The oil film



converts to thinner layer, and the oil belt has the trend to form the film through breaking from
the middle to adsorb on the rock. After the surfactant adsorbed on the oil-wet rock channel,
the wettability changes to water-wet. Water molecule would adsorb and occupy the rock
surface by means of coulomb interaction and hydrogen bonding interaction, and displace the
oil from the surface to form the cylindroid structure. Therefore, the water-wet reservoir
contributes to enhance oil recovery.

Key words: nonionic surfactant, molecular simulation, adsorption structure, wettability

alteration, microscopic mechanism
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Figl-1 The schematic illustration of the contact angle
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Figl-2 The schematic illustration of water-wet, mix-wet and oil wet of oil reservoir
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Fig3-3 The time dependence of the height of center of mass of water droplet relative to the surface
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Fig3-5 The schematic illustration of calculating contact angle

ARSI KT A A W3R 3-1 P AT RAG Y, BT SRR SE R A — 2
RS 2R T S A e S B . (AR RIS, X 1-OH R, 7K e B oK
A AR R L, g AN AT IMUERIR G, Mot SR ZE n AR OK,  HAR IR
XF K IR F A A R/ IMAT BRI, FRIL s T OR, FESRR Ml . 4 T DUM RSt — 44k

TEER T R R I K, B e B 1C,  wiK PE 2 B ot
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Table3-1 The calculated and experimental value of water droplet on the modified silica surface

Contact angle/ ©

Surface
Simulation Experiment®  Experiment®  Experiment ©

-OH 28.5 26.8 \ \

-CH; 92.3 \ 90.8 \
~(CH,)sCHs 103.0 \ \ 102.0
-(CH2);CHjs 109.5 \ 110.0 109.0
~(CH,)11CHs 113.1 \ 112.0 110.0

2taken from the reference®™: ° taken from the reference®®: ¢ taken from the reference?.
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RN AT 9 FU R 2R K o TR TR et — AR R T, 55700 2 o) (R AT LA Y REAR 55
AL CATE R KRG A BB LB 2 A A, DR R A DR AR i, 0 BRI e Al
R 2P gKYE. BEAh, WA 3-2 38 a A H, -CH3 F1-(CHy)sCH3 K 1H 5 7K 73 1 {4
HAFHRER T-(CH2)7CH3 M-(CH2)11.CH3 LI 1), IX KW B L BERE S, 95 A1 A1 1

SRR, RIS E R s E s, X5 Bl 1o A R AT — 2
32 KWSEARERHIERARKECHEERR. TE%EIEHRETE

Table3-2 The total interaction energies(Eqt) and coulomb interaction (Eoy) and van der Waals
interaction (E,qw) between water droplet and different modified surface

Surface Eww/KImol?  Eu/KImol?  Eygu/KJ-mol™
-OH -5156.35 -4796.01 -360.34
-CH; -203.63 0 -203.63

-(CH,)3CHjs -202.28 0 -202.28
-(CH,);CHjs -147.19 -5.25 -141.94
~(CH)11CHs 146,52 473 -141.79
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Fig3-6 Radial distribution function between H and O atom of the water and surface
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Fig3-8 The MSD curves of water molecule on the different modified silica surface
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Fig4-1 The initial configuration of C,,E, surfactant adsorbed on oil-wet rock surface
(a): in vacuum; (b): in water
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Table4-1 The interaction energies(Ea) and coulomb interaction (Ecou) and van der Waals
interaction (E,qw) between water and self-assembled monolayer

Monolayer Erw/KI Mol Eu/KImolt  Eygu/KJ-mol™
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Fig4-12 The MSD curves of water droplet on the different self-assembled monolayers
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Table4-2 The diffusion coefficients of water droplet on the different self-assembled monolayers

D(10°m?s™)
Monolayer
Total X Y z
Ci 0.1265 0.0500 0.0530 0.0233
CpE» 0.5907 0.2807 0.2260 0.0860
CiE4 0.6648 0.2787 0.2455 0.1387

T Ky B B AR W AR AL B AN R, LRI K TRt 5%
TR AEAHEAE S, T 2§ R IR /K 73 7 B e — MK My o B, a8 236 1
TR o DA b, FRAT TR KT 23 A P AN« FENT R I — AR 0 R 25823 /K i (the lower
half of water droplet), &2 [ 11— FK by L2343 7K 3% (the upper half of water droplet),

IR T EAHE CroE BT I Eys 27 M BURE, sk 4-3 s

R 4-3 BRI TFEIAKRAE CroE, H AR W% 77 1 I3 HRH
Table4-3 The diffusion coefficients of the upper half and lower half of water droplet on the
self-assembled monolayer of Cy;E,

D(10°m?s™)
Water droplet
Total X Y z
The upper half of water droplet 0.6097 0.2668 0.2125 0.1303
The lower half of water droplet 0.5743 0.3015 0.2528 0.0200
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