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Abstract: An interface super molecular structure model for oil-water-surfactant mixture and calcite was 
established. By using a molecular dynamics method, the effects of rhamnolipid, sodium dodecyl benzene 
sulfonate and sodium hexadecyl sulfonate on the interface adsorption behavior of oil molecules were 
investigated. It was found that these three surfactants could reduce oil-calcite interface binding energy, 
and play a role of oil-displacing agent. 
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Molecular dynamics simulation of adsorption of an 
oil-water-surfactant mixture on calcite surface

1 Introduction
Reservoir rock is a high-energy surface material with 

well-developed pores and large surface/volume ratio. It can 
strong adsorb polar molecules, such as surface active species 
and polymers in the reservoir bed. This adsorption might 
result in the change of reservoir bed wettability, plugging the 
pore throat, and in addition damaging the reservoir bed (He 
and Hua, 1995). The adsorption of reservoir rock makes the 
residual oil (after water drive) cover the rock surface and form 
oil fi lms. Sometimes the volume of oil fi lm may account for 
up to 20% of the total pore volume, and become the main part 
of the residual oil (Bi et al, 1997). Therefore, investigation of 
rock surface adsorption behavior has attracted considerable 
interest.

Adsorption of oil on rock surfaces is a complicated 
physical and chemical process. The constitution and structure 
of rock, crude oil and surfactant (which is injected in the 
tertiary recovery process) could change the adsorption 
characteristics. Meanwhile, crude oil is a very complicated 
mixture. It is a heavy workload to select or synthesize a 
proper surfactant by using conventional laboratory methods 
and it is very costly and uncertain. In this work, molecular 
dynamics (MD) simulation is used to study the dynamics of 
oil and water adsorption on calcite, an abundant carbonate 
mineral. MD is a powerful method for investigating 
adsorption behavior at molecular level, and it can provide an 
insight into structural and dynamic information associated 
with the adsorption process. Previous MD research into 
adsorption behavior was aimed at mineral structure and 
chemical reaction activity. For example, ab initio molecular 
orbital studies of the effects of basis set size on the calculated 
structure and acidity of hydroxyl groups (Nicholas et al, 
1992a; 1992b), the clay-water interface structure  and the 

hydration characteristics of clay (Delville, 1991; Boek et al, 
1995), and the effect of ion on hydrating expansion (Boek 
et al, 1995). Recently, molecular dynamics research on 
adsorption enthalpy includes hydrocarbon compounds on 
the surface of montmorillonite, , trichloroethylene on kaolin 
and pyrophyllite surfaces, and humic material on an oxidized 
lignin surface (Teppen et al, 1997; Shevchenko et al, 1999; 
Cakova et al, 1999). 

The ( ) plane of calcite has been subjected to many 
experimental and theoretical investigations, as it is the most 
stable crystal plane of calcite (Hädicke et al, 1999; Rieger et 
al, 1997). Many studies have been aimed at understanding 
crystal growth, dissolution, and structure of calcite and its 
polymorphs. To determine the surface structure of calcite, 
several studies have been carried out by using a variety 
of surface sensitive techniques (Liang et al, 1996). Using 
X-ray photoelectron spectroscopy and low-energy electron 
diffraction, Stipp and Hochella (1991) have showed the 
immediate formation of hydrate species on a calcite surface 
prepared under various atmospheres and in different aqueous 
solutions. Kendall and Martin (2007) have shown similar 
hydrate patches on a calcite surface with atomic force 
microscopy. Ab initio studies have predicted that if a hydroxyl 
group was placed just above each of the surface calcium ions 
and a hydrogen atom was added to each surface carbonate 
group (to the surface oxygen atom) (Kerisit et al, 2003), the 
added surface hydrogen atom would form a bond with the 
surface hydroxyl group, and in this way a water molecule 
is generated. This suggests that the associative adsorption 
of water on calcite surface is favorable. The energetics of 
adsorption of water on the calcite surface have previously 
been investigated by using MD simulations by de Leeuw and 
co-workers (de Leeuw and Parker, 1997). The free energy of 
the adsorption of water and metal ions (magnesium, calcium, 
and strontium) on the (104) calcite surface has also been 
previously determined by using MD simulations (Kerisist and 
Parker, 2004). Shi et al. (2006) have studied the interaction 
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molecules offset in the surfactant situation. This is consistent 
with the calculation results from binding energy. 

4 Conclusions
In this paper, by selecting octane as the representative 

component of oil and considering rock surface as a perfect 
calcite crystal surface, the structure of interface adsorption 
system and the wetting action are investigated at micro 
molecular level. It was found that three kinds of surfactants 
i.e. sodium hexadecyl sulfonate, sodium dodecyl benzene 
sulfonate and rhamnolipid biosurfactant, could weaken 
the binding energy between water and calcite. The water-
calcite and oil-calcite interaction energy analyses revealed 
that rhamnolipid, and sodium dodecyl benzene sulfonate at a 
higher concentration, might enhance the surface hydrophilic 
property and reduce the surface lipophilic property. For actual 
rock surfaces and the complicated oil components further 
work is required. 
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  In Fig. 7, the characteristic peaks of the radial distribution 
functions without surfactant appear at the same position as 
those of the RDF with surfactant sodium hexadecyl sulfonate. 
But the peak height without surfactant is higher than that with 
surfactant sodium hexadecyl sulfonate. After adding sodium 
hexadecyl sulfonate, both peaks fall noticably. This means 
that surfactant may increase the average distance between 
oil molecules and the surface of the calcite. With increasing 
distance from the surface the RDF with surfactant sodium 
hexadecyl sulfonate increases, which further indicated the oil 

Fig. 7   Radial distribution functions g(r) between oil molecules and crystal 
surface 

 (Solid line: without surfactant; dashed line: with surfactant sodium 
hexadecyl sulfonate)

a: the RDF g(r)total between octane molecules and rock surface; 
b: the RDF g(r)O-H between O atoms and H atoms on the rock surface

0.0 0.5 1.0 1.5 2.0
0

5

10

15

20

25

30

35

40

45

50

55

60

65

g(
r)

to
ta

l

(a)

Distance r, nm

0.0 0.5 1.0 1.5 2.0
0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

g(
r)

o-
h

Distance r, nm

(b)

Pet.Sci.(2009)6:76-81



81

dynamics of humic polyanions in model organic and organo-mineral 
aggregates. THEOCHEM. 1999. 460: 179

Shi  W Y, Wang F Y, Xia M Z, et al. Molecular dynamics simulation of 
interaction between carboxylate copolymer and calcite crystal. 2006. 
64(17):1817-1823

Stip p S L and Hochella M F. Structure and bonding environments at the 
calcite surface as observed with X-ray photoelectron spectroscopy 
(XPS) and low-energy electron diffraction (LEED). Geochim. 
Cosmochim. Acta. 1991. 55: 1723-1736

Sun  H. COMPASS: An ab initio force field optimized for condensed-
phase applications——Overview with details on alkane and benzene 
compounds. J. Phys. Chem. B. 1998. 102: 7338

Tep pen B J, Rasmussen K, Bertsch P M, et al. Molecular dynamics 
modeling of clay minerals. 1. gibbsite, kaolinite, pyrophyllite, and 
beidellite. J. Phys. Chem. B. 1997. 10:1579

(Edited by Zhu Xiuqin)

metal ions on the {1014}calcite surface. J. Am. Chem. Soc. 2004. 
126:10152-10161

Lia ng Y, Lea A S, Baer D R and Engelhard M H. Structure of the cleaved 
CaCO3 (104) surface in an aqueous environment. Surf. Sci. 1996. 
351:172-182

Nic holas J B, Winans R E, Harrison R J, et al. Ab initio molecular orbital 
study of the effects of basis set size on the calculated structure and 
acidity of hydroxyl groups in framework molecular sieves. J. Phys. 
Chem. 1992. 96: 10247

Nic holas J B, Winans R E, Harrison R J, et al. An ab initio investigation 
of disiloxane using extended basis sets and electron correlation. J. 
Phys. Chem. 1992. 96: 7958

Rie ger J, Hädicke E, Rau I U and Boeckh D. A rational approach to 
the mechanisms of incrustation inhibition by polymeric additives. 
Tenside Surfactants Deterg ents. 1997. 34(6): 430

She vchenko S M, Bailey G W and Akim L G. The conformational 

Pet.Sci.(2009)6:76-81


	Abstract
	1 Introduction
	4 Conclusions
	Acknowledgements
	Reference

