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Study of the Synergistic Effect of Sodium Dodecyl Sulfate and Betaine at the
Air/Water and Oil/Water Interfaces
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Abstract In this paper, the molecular array behavior of anionic surfactant sodium dodecyl sulfate SDS and zwitterionic
surfactant Betaine at the air/water and oil/water interfaces were investigated by molecular simulation approaches, which
helped to understand the effects of temperature, salts and the proportion of components on the interfacial activity and foam
stability of the mixed binary systems, especially how the multivalent inorganic cations influence the interfacial adsorption
behavior of the surfactants and the synergistic effect. The oil/water interfacial tension was not only measured experimentally
using TEXASS500 spinning drop interface tension meter, but also calculated theoretically using dissipative particle dynamic
(DPD) method. Foam decay method was utilized to determine the foam stability. The array behavior of surfactant molecules
at the air/water and oil/water interfaces was described by molecular dynamics (MD) simulation method. It was found that the
oil/water interfacial activity of mixed binary system was significantly better than unitary system. The synergistic effect be-
tween SDS and Betaine was enhanced when there was Ca?" or Mg?" existed in the solution. The radial distribution function
of head groups of surfactants around inorganic ions showed that there was very strong interaction between the Ca>* or Mg®"
and the head groups of SDS and Betaine, which not only induced the increase of the maximum interfacial adsorption quantity
of the surfactants, but also adjusted the array states of the surfactant molecules in the interface layer. When the proportion of
components of SDS/Betaine binary system was 4 . 6, the oil/water interfacial activity and foam stability of the binary system
both were very good with Ca®>* or Mg®" existing, even use sea water as medium, which could be a good candidate system
for foam system used under high salinity condition. The co-adsorption behavior of the surfactant molecules in the binary
system at oil/water interface and the foam films was found to be similar. The simulation results agreed well with the experi-
ment results. The knowledge about the microscopic character of the mixtures of surfactants at interfaces could provide useful
guidance for the design and application of surfactants under the condition of high salinity, such as low tension foam flooding
system used in offshore EOR.
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Figure 1 Variation of dodecane/water interfacial tension and the maxi-
mum interfacial adsorption quantity of SDS/Betaine binary system as a
function of the component ratio. (a) experimental interfacial tension
(7000 mg/L NaCl, Cio=0.2 wt%); (b) interfacial tension in DPD simu-
lation; (c) the maximum interfacial adsorption quantity in DPD simula-
tion. Small pictures along curve (c) are section illustrative diagrams of
DPD simulation corresponding to the system at the starting point of the
arrow, omit water and oil, beads are set as: rose red, head group of SDS;
mazarine, tail chain of SDS; bright blue, head group of Betaine; red, tail
chain of Betaine
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Figure 3 Variation of interfacial tension of mixed systems of surfac-

tants with different inorganic salts and dodecyl as a function of the com-
ponent ratio at 55 ‘C
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Table 1 Interfacial formation energy of the SDS/Betaine/dodecyl/water
system containing Na ", Ca>" or Mg*"

System n IFE/(kJemol )
Na* 44 —191.2
Mgt 44 —195.6
Ca®” 44 —228.9

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 4 Molecular dynamics simulative illustrative diagram of mole-
cules at oil-water interface. Molecular number proportion of SDS and Be-
taine is 10 : 12, mass ratio is 4 : 6. (a) with Mg*" (nug2 " =64), (b) with
Ca>" (nc2*=16) . Atoms or ions are labeled as follows: Mg”, blue;
Ca*', green; S, yellow; O, red; N, mazarine; C, grey; H, white
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Figure 5 Radial distribution function of inorganic ions around head groups of surfactants
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Figure 7 Simulative illustrative diagram of foam liquid film stabilized
by SDS (a), Betaine (b) at 60 ‘C. n=25, atoms are labeled as follows: S,
yellow; O, red; N, mazarine; C, grey; H, white

2.4 FHlE:* SDS 5 Betaine R EEE AR BAIEE
(ES=0pA

FHE AN E TR R A s lic i SDS 5 Betaine
KA R, SR EEN 0.2 wit%o, e YL IA 26 ok
fizk. B 8 /nHI T 50 C NAN[HINC PAA 2 TR ok - s 19,
MBI, & Ca¥ 'l Mg® 4R R IR R 1
TR T A Na [R5, BRESH Ca® ok Mg”™ 1t
LT, AR PRI B I 1 SR A .

25| —=—NaCl (7 giL)
—+—CaCly (0.4 glL)

204| —*— MgCly (1 g/L)

—v—sea water

15+

tyjo/h

10+

10:0 91 7:3 6:4 55 4:6 3.7 2:8 1:9 010
SDS:Betaine (g:9)

B 8 50 CFRINARTCHLEREBN A B AN R SZHC ELA5] ) 52 G
FRISBOE IR I 2. R TE 1 AR BE A 0.2 wi%

Figure 8 The half life time of the foams formed from solutions of
mixed surfactant systems with different component ratios containing
different inorganic salts at 50 ‘C. Total concentration of surfactant is 0.2
wt%
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Figure 9 Molecular dynamics simulative illustrative diagram of foam
liquid film. Omit water molecules. Molecular number proportion of SDS
and Betaine is 10 : 12, mass ratio is 4 : 6. (a) with Ca>" (nc,2*=16), (b)
with Mg?" (nwg2™=64). Atoms or ions are labeled as follows: Ca*",
green; Mgﬁ, blue; Na', purple; Cl', rose red; S, yellow; O, red; N,
mazarine; C, grey; H, white
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Figure 10 Radial distribution function of inorganic ions around head
group of surfactants
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Figure 12  Tilt angle orientation distributions with respect to the Z direction of the surfactant hydrophobic tail for (a) SDS and (b) Betaine
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Figure 13 Radial distribution function of inorganic ions around head groups of surfactants in sea water
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