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ABSTRACT

The solubility of squalene in supercritical carbon dioxide (SC-CO;) was measured at
temperatures of 40°C and 50°C and pressures of 20, 30 and 40 MPa, and at 60°C and 20 MPa.
Experimental SC-CO0; solubility data were collected from the literature, and analyzed together
with the values obtained in this work. The values were correlated by the equation of Chrastil
and modeling with Peng-Robinson equation of state with classic mixture rule and group
contribution equation of state (GC-EOS, Skjold-Jergensen -1984). All experiments were done
in triplicate and conducted with an equilibrium time of 3 hours, and the solubility data
obtained in this work agreed in order of magnitude with literature data. The crossover point
was at 25 MPa, condition where the solubility is independent of temperature. Thermodynamic
modeling showed that Peng-Robinson equation of state was successful for searching binary
interaction parameters to fitting experimental data reported in this work, this model was
strongly influenced by the value of critical constants for squalene. The GC EOS model
predicted the behavior of experimental data up to 20 MPa, his performance was influenced by
the parameters groups, binary interaction and strongly by the value of critical hard-sphere
diameter of the squalene.
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INTRODUCTION

For supercritical technology, the extraction curves and phase equilibrium data under different
operational conditions of temperature and pressure are very useful for process optimization,
and the thermodynamic modeling of phase equilibrium at high pressures is a powerful
auxiliary tool. Values for the solubility of solutes obtained from natural products in SC-CO,
are data of great importance in the evaluation of systems of interest, since they provide
information about the influence of pressure and temperature on the solubility and are useful to
obtain the binary interaction parameters in thermodynamic modeling.

Squalene (C;30Hsp), is a solute of interest in the extraction and fractionation with SC-CO,,
since it is a hydrocarbon with an extremely unsaturated linear chain and is heat unstable and
light sensitive. It represents 50 to 70% by mass of some fish oils, such as shark oil
(Centrophorus squamosus) and in lower concentrations in some vegetable sources, such as
rice, corn, peanut and amaranth oils. The effect of olive oil in reducing the risk of cancer is
attributed to the presence of squalene. Properties include antioxidant activity due to its
unsaturated chain implicated in its oxidative instability, increasing longevity and
strengthening the immunological system and also being an anti-carcinogenic agent [1],
reducer of cholesterol levels [2].

1. MATERIALS AND METHODS

The CO, (99.5% pure) was purshased from White Martins Gases Industriais (Campinas,
Brazil). Squalene (Fluka Chemie, gas chromatography grade, purity > 97.0%) was purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).

Solubility procedures

The experimental values were obtained by the static method, whose methodology has been
discussed in detail elsewhere [3]. The experimental conditions included temperatures of 313 K
and 323 K and pressures of 200, 300 and 400 bar, and also at 333 K and 200 bar. The
experiments were carried out in triplicate with an equilibrium time of 3 hour and employing
n-hexane to clean the collector. The solvent was evaporated off in a vacuum oven at 333 K to
obtain dry squalene. The values for solubility were calculated as the ratio of the total mass of
extracted squalene (extraction + cleaning process) to the CO, mass in the collector.

Values for the density of CO, under the different conditions of temperature and pressure were

calculated using a computer program that employed the empirical equation of Huang et al.
[4], which reproduces the experimental values of IUPAC [5].

Data analysis

Obtained solubility data were correlated using Chrastil equation [6], which can be expressed
as a mass fraction as follows:

ln(Y)z(k—l)lnp+_?+b (1)



where Y is the solubility (kg/kg CO,).

Modelling solubility data was firstly using Peng-Robinson cubic equation of state [7]:
_ RT a(T)
V-b V(V +b)+b(V —b)

2)

The mixing rule of Van der Walls was used, with Ka;; and “Kb;; as binary interaction
parameters, computed by fitting experimental vapor-liquid equilibrium data to the model
equation. In this case Tc=782.129K , Tc=11.121 bar, and ® = 1.9083 [8] were used.

The Group Contribution Equation of State [9] (GC-EOS) was too used for modelling, in this
equation the residual Helmholtz energy is described by a free volume term (repulsive
contribution) expression for hard spheres with a contribution from attractive intermolecular
forces:

A% =AY + AR (3)
For GC-EOS the group parameters (;,d;, g;andg; ) and binary interaction parameters (K;,

k; and «;) used were obtained from the literature ([10], [11], [12]). Thermophysical

properties used were: Tc= 838.1 K, Pc= 6.5 bar e dc= 9,336. The GC-EOS calculations were
performed using the GPEC software (www.gpec.plapiqui.edu.ar)

2. RESULTS AND DISCUSSION

The experimental values for the solubility of pure squalene in SC-CO, are presented in Figure
1 and they were compared to values measured at pressures of 100 to 250 bar by [13]. The
linear relationship between the logarithm of the solubility (Y) and the logarithm of the SC-
CO, density was obatined by Chrastil equation.
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Figure 1. Comparison of the experimental data with those calculated from the Chrastil

equation.

The Peng Robinson equation with the classic mixing rule was used to model the phase
equilibrium. It was shown that in the majority of cases, binary interaction parameters that
could correlate with the experimental data could not be found. Only when the critical
properties and acentric factor reported by Ruivo et al. [8] were used, was this possible. In
Figure 2, the experimental values for solubility are compared with the values obtained by
thermodynamic modeling employing the Peng Robinson equation and the critical constants

and acentric factor reported by Ruivo et al. [8].
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Figure 2. Comparison of the experimental data and those calculated from the thermodynamic
model using the Peng-Robinson equation and the critical properties and acentric factor from

Ruivo et al. [8]



The GC-EOS model can predict the behavior of the experimental data at a pressure of 200
bar. Above this value it predicts a solubility decrease (Figure 3).
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Figure 3. Solubility of squalene in SC-CO,. Experimental data (O ® *) and GC-EoS model
(—, - , .....), All calculations for squalene used: Tc= 838.1 K, Pc= 6.5 bar and dc= 9.336.

3. CONCLUSIONS

New data for squalene solubility in SC-CO2 was obtained, correlated using the Chrastil
equation and modeled using the cubic equation (Peng -Robinson) and the group contribution
equation (GC EOS). The results showed that modeling with the Peng-Robinson equation of
state was successful fitting the experimental data reported. The GC-EOS model predictes the
behavior of the experimental data up to 200 bar and by the value of the critical hard sphere
diameter of the squalene.

Acknowledgments

The authors are grateful to CAPES (Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior) and to Fapesp (Fundagdo de Amparo a Pesquisa do Estado de Sao Paulo) for their
financial assistance

REFERENCES

[1] SMITH,T, J. Squalene: potential chemoprotective agent. Expert opinion on
investigational drugs, 9, 2000,1841-1848.

[2] RAO, C. V., NEWMARK, H. L., REDdy, B. S. Chemopreventive effect of squalene on
colon cancer. Carcinogenesis, 19 (2), 1998,287-290.

[3] SOARES, B.M.C., GAMARRA, F.M.C., PAVIANI, L.C., GONCALVES, L.A.G,,
Cabral, F.A. Solubility of Triacylglyerols in Supercritical Carbon Dioxide. J. Supercrit.
Fluid., 43(1), 2007, 25-31.



[4] HUANG, F. H., LI, M.H., LEE, L.L., STARLING, K.E., CHUNG, F.T.H. An accurate
equation of state for carbon dioxide. Journal of Chemical Engineering of Japan 18,
1985, 490-496.

[5] ANGUS S., ARMSTRONG, B. RUCK, K.M. Carbon Dioxide: International
Thermodynamic Tables of the Fluid Stat, vol. 3, Pergamon Press, New York,, p. 266.,
1976.

[6] CHRASTIL, J. Solubility of solids and liquids in supercritical gases. Journal of Physics
& Chemistry 86, 1982, 3016.

[7] PENG, D.Y., ROBINSON, D. B.,. A new two-constant equation of state. Ind. Chem.
Fundam, 15, 1976, 59-64

[8] RUIVO, RM., PAIVA, A., SIMOES, P.C. Phase Equilibria of the Ternary System
methyl oleate/ Squalene/Carbon Dioxide. J. Supercrit. Fluid. 29, 2004, 79-85.

[9] SKJOLD-JORGENSEN, S. Gas solubility calculations II. Application of a new group
Contribution Equation of State. Fluid phase equilibria, 27, 1984,317-351

[10] VASQUEZ, L., TORRE, C. F., FORNARI, T., SENORANS, F. J., REGLERO, G.
Recovery of squalene form vegetable oil sources using countercurrent supercritical
dioxide extraction. The Journal of Supercritical Fluids 40, 2007, 59-66.

[11] FORNARI, T. Revision and summary of the group contribution equation of state
parameter table: Application to edible oil constituents. Fluid Phase Equilibria , 262,
2007, 187-209.

[12] ESPINOSA, S., FOCO, G. M., BERMUDEZ, A., FORNARI, T. Revision and extension
of the group contribution equation of state to new solvents groups and higher molecular
weight alkanes. Fluid Phase Equilibria, 170, 2000,129- 143.

[13] CATCHPOLE, O. J.; VON KAMP, J. C. Phase Equilibrium for the Extraction of
Squalene from Shark Liver Oil Using Supercritical Carbon dioxide.,. Ind. Eng. Chem.
Res. 36(9), 1997, 3762-3768.



	Data analysis 
	REFERENCES 

