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IntroductionIntroductionIntroduction
Surfactants systems, especially micelle and microemulsion systems, was 
highly non-ideal behavior due to the hydrogen bonding and hydrophobic 
interaction.

Surfactants + water and surfactants + alkane phase equilibrium data has been 
extensively investigated at low pressures, but only a few data of surfactant + 
CO2 vapor-liquid Equilibria are available at elevated pressures.

Furthermore, VLE measurements for CO2 and surfactant mixtures are 
especially important because the properties of such mixtures are difficult to 
be predicted from the pure component values.

In this work, Vapor-Liquid Equilibria for the binary CO2 + alkyl 
polyoxyethylene alcohol surfactant systems were investigated at elevated 
pressures. 



Apparatus and MaterialsApparatus and MaterialsApparatus and Materials

Materials
CO2 : Korea Gas industry with 99.99% purity
C3E1 : Ethylene glycol monopropyl ether, Aldrich with 99.5% purity

Thermometer
probe : 5614,  Indicator : 1560 supplied by Hart Scientific Co.

( accuracy ± 0.03 K in 373~673 K )

Pressure transducer
STJE/1833-2 supplied by Sensotec Co.

( range <1000 psia, accuracy ± 0.1% )

Gas Chromatography
detector : TCD
column : Porapak S in 0.95 cm O.D. and 160 cm long



Experimental apparatusExperimental apparatusExperimental apparatus
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Experiment : CO2 + C3E1 SystemExperiment : COExperiment : CO22 + C3E1 System+ C3E1 System

T(K) P(bar) x1 y1 T(K) P(bar) x1
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Cubic Equation of State Cubic Equation of State Cubic Equation of State 

Peng – Robinson Equation of State
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Statistical Associated Fluid Theory (SAFT)Statistical Associated Fluid TheoryStatistical Associated Fluid Theory (SAFT(SAFT))
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Sanchez-Lacombe EOS SanchezSanchez--Lacombe EOS Lacombe EOS 
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T*(K) P*(bar) *(g/cm3)
290.84 1.573

1.122
1.088
1.016

506.75
506.78

CO2

569.92

6619.50
7272.25
6122.24
4461.00

C1E1
C2E1
C3E1

Pure parameters for PR EOS 
Tc(K) Pc(bar) ω Reference

304.21 0.224
0.733
0.758
0.487

564.00
Exp. Data

Lydensen Method
Lydensen Method569.00

615.20 Exp. Data

73.83
50.10
42.40
36.51

CO2

C1E1
C2E1
C3E1

Pure parameters for Sanchez-Lacombe, Consistent Sanchez-Lacombe EOS

Pure parameters for EOSPure parameters for EOSPure parameters for EOS

v∞ m u0/k εAA /k 102kAA

13.60
0.462
1.227
1.228

CO2

12.00
12.00
12.00

1.414
4.178
4.183
4.756

C1E1
215.63
260.19
256.23

2290.45
2051.24

254.32
C2E1

1571.79C3E1

Segment and site-site parameters for SAFT EOS

Fluid Phase Equilibria, Vol. 185, 219(2001)



Correlation Result : compared with PR, SAFT EOSCorrelation Result : compared with PR, SAFT EOSCorrelation Result : compared with PR, SAFT EOS
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Correlation Result for CO2 + C1E1 System Correlation Result for CO2 + C2E1 System Correlation Result for CO2 + C3E1 System 

kij AADP

PR 0.0659 0.1144

SL 0.0784 0.0506

CSL -0.0057 0.0213

SAFT 0.0600 0.0243

kij AADP

PR 0.0646 0.0932

SL 0.0581 0.0416 

CSL -0.0078 0.0130

SAFT 0.0635 0.0110

kij AADP

PR 0.0381 0.0552

SL 0.0988 0.0637

CSL -0.0659 0.0504

SAFT 0.0407 0.0941 



Correlation Result : Consistent ConsiderationCorrelationCorrelation Result : Consistent ConsiderationResult : Consistent Consideration
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Correlation Result : Consistent ConsiderationCorrelationCorrelation Result : Consistent ConsiderationResult : Consistent Consideration
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Correlation Result for CO2 + C1E1 System at 322.90 K
SL : kij = 0.0581, AADP = 0.0416,  CLS : kij = -0.0078, AADP = 0.0130

Correlation Result for CO2 + C2E1 System at 323.3 K
SL : kij = 0.0784, AADP = 0.0506, CSL : kij = -0.0057, AADP = 0.0213



ConclusionConclusionConclusion

The isothermal VLE data for the system CO2 + C3E1 were obtained at 
313.15, 323.15 K at elevated pressures.

The consistent Sanchez-Lacombe equation of state showed more 
improved results in the isothermal CO2 + surfactant VLE correlation  
than the Sanchez-Lacombe equation of state and compared with Peng-
Robinson equation of state and SAFT equation of state. 

The Fugacity coefficients derived from the Sanchez-Lacombe equation 
of state are considered for calculating consistent phase equilibrium 
conditions.


