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Application of Anion-Cation Pair Surfactant Systems to
Achieve Ultra-Low Qil-Water Interfacial Tension
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Abstract: In this paper, ultra-low interfacial tension was obtained in realistic oil-water systems using ion
pair surfactant systems. To improve the solubility of the ion pair surfactants, polyoxyethylene chain was
introduced into the anionic surfactant molecular structure, and a three-component strategy where ion pair
surfactants were combined with a non-ionic surfactant was used. Furthermore, the effects of the structures
of the cationic and non-ionic surfactants, distribution ratio of the three components, and surfactant
concentration on oil-water interfacial tension were studied. We successfully achieved the ultra-low
interfacial tension in the Shengli oil fields using the mixed systems combining ion pairs and non-ionic
agents. Several systems possessed an interfacial tension as low as 10 mN - m™". Because of the strong
electrostatic attraction between surfactant ions, our systems possess ultra-low interfacial tension after
adsorption. The results show that after 48 h quartz adsorption, the systems can still reduce the interfacial
tension to an ultra-low level.
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Table 1 Effect of reducing interfacial tension with

different ion pair surfactants 1:1 (molar ratio)
complex in model systems

System (0.3% (w)) Interfacial tension/(mN-m™)
SL/DTAB 0.21
SL/CTAB 0.10
SL/CPyB 0.08
SO/DTAB 0.05
SO/CTAB 0.02
SO/CPyB 0.01

SL: sodium laurate, SO: sodium oleate, DTAB: dodecyl trimethyl
ammonium bromide, CTAB: cetyl trimethyl ammonium bromide,

CPyB: cetyl pyridinium bromide
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Table 2 Effect of reducing interfacial tension with
different ion pair surfactants 1:1 complex in
realistic systems

C Interfacial tension
Realistic oil-water system System (0.3%(w)) ——————

(mN-m™)
Gudao-Gusi SO/CTAB 0.65
Shengcai-Tuoliu SO/CTAB 0.37
Gudong-Dongsan SO/CTAB 0.40
Gudao-Gusi SO/CPyB 224
Shengcai-Tuoliu SO/CPyB 0.01
Gudong-Dongsan SO/CPyB 0.08
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Table 3 Abilities of reducing interfacial tension by

CEOS/CTAC/PEX1000 mixed systems in CaCl,
aqueous with 5000 mg-L™' Ca™ (in Gudong oil)

System Component mass ratio Interfacial tension/(mN-m™)
CEOS/CTAC/ 5.3/2.7/2 0.27
4/4/2 0.003
PEX1000 2.7/5.3/2 0.008

CTAC: cetyl trimethyl ammonium chloride
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Fig.3 Effect of non-ionic surfactant addition on the
interfacial tension of the realistic oil-water systems of
Shengli Oilfield with different degrees of mineralization in
the presence of CEOS/CPyB/PEX1000
The degrees of mineralization for Gudao-Gusi,
Gudong-Dongsan, Shengcai-Tuoliu systems are 5856.66,
10942.78, 16313.94 mg-L™', respectively.
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Table 4 Components (mg-L™") of the three realistic water systems

Water system pH Ca™ Mg Na+K" HCO; Cl- Total degree of mineralization/(mg-L™")
Gusi 8.0 66.85 20.88 2064.55 818.89 2885.49 5856.66
Dongsan 7.2 288.78 111.47 3585.12 495.65 6285.93 10942.78
Tuoliu 7.3 32991 90.99 5800.69 379.42 9627.97 16313.94
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Gudao-Gusi system
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Fig.6 Impact of the total surfactant concentration (w) on
the interfacial tension
In Gudao-Gusi system, the mass ratio of CEOS/CPyB/PEX1000 is
5.3/2.7/2. In Shengcai-Tuoliu system, the mass ratio of CEOS/
CTAC/PEX1000 is 3.7/4.3/2. In Gudong-Dongsan system, the mass
ratio of CEOS/CTAC/PEX1000 is 2.4/5.6/2.
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Table 5 Interfacial tension of the realistic systems before

and after adsorption by quartz sands
Interfacial tension/(mN-m™)

System W% before adsorption after adsorption
Gudao-Gusi 0.3 0.001-0.0002 0.003-0.0008
0.2 0.008 0.005-0.003
Shengcai-Tuoliu 03 0.005 0.005
0.2 0.02-0.01 0.04
Gudong-Dongsan 0.3 0.005-0.002 0.01-0.006
0.2 0.004-0.003 0.01-0.008

In Gudao-Gusi system, the mass ratio of CEOS/CPyB/PEX1000 is
5.3/2.7/2. In Shengcai-Tuoliu system, the mass ratio of CEOS/
CTAC/PEX1000 is 3.7/4.3/2. In Gudong-Dongsan system,
the mass ratio of CEOS/CTAC/PEX1000 is 2.4/5.6/2.
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Table 6 Crude oil components in the three realistic water systems

Sample w(alkanes)/% w(aromatic hydrocarbons)/% w(gums)/% w(asphaltenes)/% w(wax)/%
Shengcai 29.94 23.81 43.28 2.97 12.9
Gudao 28.28 29.38 36.11 6.23 3.7
Gudong 39.30 27.53 27.72 5.45 5.4
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