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Solubility prediction of high molecular weight molecules in high-pressure solvents is an interesting field
of research. Sometimes the solubility data are not available for several components due to lacking of
valid equipments. Therefore, an accurate prediction technique can help the researchers. According to the
literature, the simple Equations of State (EoSs) such as Soave-Redlich-Kwong (SRK), Peng-Robinson
(PR) and the others require some data such as intermolecular energy parameters, critical properties,
acentric factors, and molar refractions. Since these data are not available for a lot of high molecular
weight molecules, there are some limitations in applying them. Furthermore, the calculations are more
complicated when the high molecular weight molecule is a polar one due to the interference of polar
factors in the calculations process. The polar factors for this kind of molecules are not available or cannot
easily be calculated. One of these polar biomolecules is β-carotene. In this research, the solubility of βcarotene in high-pressure carbon dioxide was calculated by a two-parameter EoS and compared with the
experimental data although it had already been successfully used for binary systems,. The results showed
that the two-parameter Mohsen-Nia-Modarress-Mansoori (MMM) EoS was an accurate model for the
solubility prediction in supercritical and near critical conditions for the multicomponent systems. The
binary coefficients of β-carotene and carbon dioxide in various pressures and temperatures were obtained
by the genetic algorithm from the literature.
doi: 10.5829/ije.2019.32.02b.03

NOMENCLATURE
a
b
K
P
R
T
𝑣
y

Attraction parameter
Repulsive parameter
Binary interaction parameter
Pressure (bar)
Gas constant
Temperature (K)
Molar volume ( L/mole)
Mole fraction

1. INTRODUCTION1
Supercritical fluid extraction is an advanced, clean and
green technology currently used in various processes
such as production of extracts from fruits, hops, nuts,
spices and the other natural products [1, 2]. Supercritical
fluids present unique characteristics which make them
excellent solvents. They usually have relatively high

Z
ɸ

Compressibility factor
Fugacity coefficient

Subscripts and Superscripts
c
V
S
sat
i
j

Critical
Vapor
Solid
Saturated
Component i
Component j

density, high selectivity, low viscosity and high
diffusivity. These appropriate properties allow them to
achieve high extraction rates [1, 3].
Among many supercritical solvents for extractions,
carbon dioxide has the excellent properties such as low
critical temperature (304.1 K), moderate critical pressure
(7.38 MPa), low cost, and availability in purified form.
Furthermore, it is inert, non-flammable, non-toxic, and
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can be easily removed from the extract [2]. Phase
equilibrium data (in particular solubility ones) are the
basis for the design and optimization of the supercritical
extraction processes [4, 5].
One of the red or orange pigments found in some
fresh fruits and vegetables is β-carotene. It is common to
extract β-carotene from fruits abundant in carotenoids. βcarotene is an antioxidant that has medical
characteristics. It is pro-vitamin A and enhances the
immune system in the human body and may exert a key
protective action against many diseases [6].
In fact, many vegetables are sources of carotenoids
which can be extracted by supercritical fluid extraction
(SFE) [7, 8]. Figure 1 shows the structure of β-carotene.
Understanding the phase behavior of solutes and
solvents over a range of pressure and temperature is
necessary for the development of supercritical fluid
extraction. Considering the pressure and temperature of
the process, calculation of solubility of solutes in
supercritical solvents is useful in supercritical fluid
extraction [3, 9, 10].
In general, the models used for calculation of
solubility are classiﬁed into two different groups. They
are theoretical models (by applying EoSs) and empirical
correlations (density based equations). However, the
theoretical models use different equations with various
mixing rules but, the cubic equations are more used for
calculation of solubility in the supercritical fluid because
of their unique properties such as flexibility, reliability
and their proper speed of calculations [11-17]. In
contrast, the cubic EoSs have limited predictive
capability, and they are not accurate for the complex
systems [18]. Furthermore, EoSs need the critical
pressure and temperature of compounds, vapor pressure
and density data of solutes for calculation of solubility of
solutes in the supercritical solvents [19-21]. Some threeparameter EoSs such as Peng-Robinson (PR) and SoaveRedlich–Kwong (SRK) require the acentric factors while
Riazi-Mansoori (RM) requires molar refraction data, as
well [7, 22]. The experimental critical properties, acentric
factors and molar refractions are not available for some
high molecular weight biomolecules such as β-carotene
[7, 23, 24] although there are some theoretical methods
for estimation of them. Lydersen, Edmister and Eisenlohr
(or Vogel) methods are almost accurate techniques for
assessment of critical properties, acentric factors and
molar refractions calculations, respectively [7, 24].
In this work, the Mohsen-Nia-Modarress-Mansoori
(MMM) as a two-parameter EoS is applied to predict the
solubility of β-carotene in high-pressure carbon dioxide
as a solvent.

This equation only requires the critical pressure and
temperature of the components. The critical data are
calculated by Lydersen’s method [24, 25]. Furthermore,
genetic algorithm is used to solve the system of equations
and find out the binary coefficients, and then solubility
data [26]. A solution generated by a genetic algorithm is
called a chromosome and collection of them is called
population. In genetic algorithm, some chromosomes in
the population may produce new chromosomes.
Furthermore, a few of them may mutate. The
chromosomes that are maintained for the next generation
have higher fitness value. In fact, they will have the
greater probability of reselection in the next generation.
The genetic algorithms use random sampling methods to
create generations of random candidate solutions. After
several generations, the chromosome will converge to a
final value which is the best solution to the problem.
Considering random sampling methods, solution of
genetic algorithm may slightly differ in every run of
calculations due to the acceptable method precision [26].
The genetic algorithm is applied several times to find the
best results for the solubility according to the
experimental data illustrated in the literature. In fact, the
calculations are done several times. Then, closest results
to the experimental data are reported when they are very
close to each other.
2. EQUILIBRIUM OF SUPERCRITICAL PHASE
The equality of the fugacity of the solid solute in
supercritical and solid phases describes the solubility of
the solid in the supercritical phase:
𝑓𝑖𝑆𝑜𝑙𝑖𝑑 = 𝑓𝑖

𝑆𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

(𝑇, 𝑃, {𝑦𝑖 })

(1)

where, 𝑓𝑖 is the fugacity, 𝑇 is the temperature, 𝑃 is the
pressure and 𝑦𝑖 is the mole fraction in the supercritical
phase. The solubility of the solid in the supercritical
phase can be calculated by Equation (1) when the system
temperature and pressure data are known.
The fugacity in the solid phase can be obtained by
neglecting the supercritical fluid solubility in the solid
phase, assuming the constant solid molar volume and
considering the saturation fugacity coefficient of solid to
be unity:
𝑣𝑖𝑆 (𝑃−𝑃𝑖𝑠𝑎𝑡 )

𝑓𝑖𝑠𝑜𝑙𝑖𝑑 = 𝑃𝑖𝑠𝑎𝑡 𝑒𝑥𝑝 {

𝑅𝑇

}

(2)

where, 𝑃𝑖𝑠𝑎𝑡 denotes the vapor pressure of solid at
temperature T, 𝑣𝑖𝑆 is the molar volume of solid and 𝑅 is
the universal gas constant.
Fugacity for component i in the supercritical phase
can be written as follows:
𝑓𝑖

Figure 1. Structure of β-carotene
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𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

= 𝑃ɸ𝑖

𝑦𝑖

(3)
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The solubility of component i in vapor phase (𝑦𝑖 ) at
supercritical condition is defined as follows:
𝑃𝑖𝑠𝑎𝑡
𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙
ɸ𝑖
𝑃

𝑦𝑖 = (

𝑣𝑖𝑆 (𝑃−𝑃𝑖𝑠𝑎𝑡 )

) 𝑒𝑥𝑝 {

}

𝑅𝑇

(4)

Equation (4) can be rewritten as follows:
𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

ɸ𝑖

=(

𝑃𝑖𝑠𝑎𝑡
𝑦𝑖 𝑃

𝑣𝑖𝑆 (𝑃−𝑃𝑖𝑠𝑎𝑡 )

) 𝑒𝑥𝑝 {

𝑅𝑇

}

𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

𝑅𝑇
𝑉

∞

= ∫𝑉 [(

𝜕𝑃

)

𝜕𝑛𝑖 𝑇,𝑉,𝑛
𝑗≠𝑖

−
(6)

] 𝑑𝑉 − 𝑅𝑇𝑙𝑛𝑍

where, 𝑍 =

𝑃𝑣
𝑅𝑇

where, ɸ shows the fugacity coefficient of the solute in
the supercritical phase and 𝑍 is the compressibility factor
of the supercritical phase [22].
The MMM EoS is expressed as follows [27]:
𝑃=

𝑅𝑇(𝑣+1.3191𝑏)
𝑣(𝑣−𝑏)

−

Compound

𝑻𝒄 (𝑲)

𝑷𝒄 (𝒃𝒂𝒓)

𝒗𝒔 (𝒍/𝒎𝒐𝒍)

Ref.

Carbon dioxide

304.12

73.740

-

[28]

β-carotene

801.00

8.090

0.5368

[3]

(5)

The fugacity coefficient of the condensed phase in the
𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙
supercritical fluid (ɸ𝑖
) can be derived from an
EoS as follows:
𝑅𝑇𝑙𝑛ɸ𝑖

TABLE 1. Critical properties of the components in the
extraction of β-carotene by high pressure carbon dioxide

𝑎

(7)

𝑇 0.5 𝑣(𝑣+∑𝑖 𝑦𝑖 𝑏𝑖𝑖 )

Mixing rules:
𝑎 = ∑𝑖 ∑𝑗 𝑦𝑖 𝑦𝑗 𝑎𝑖𝑗

(8)

𝑏 = (1⁄4)(3 ∑𝑖 ∑𝑗 𝑦𝑖 𝑦𝑗 𝑏𝑖𝑗 + ∑𝑖 𝑦𝑖 𝑏𝑖𝑖 )

(9)

Tables 2-4 show the solubility achieved by experiment,
regular solution theory model (RSTM) and MMM EoS at
temperatures of 353.2, 373.2 and 393.2 K, respectively.
The average error was calculated based on the arithmetic
mean of the calculated solubility data by MMM EoS and
the experimental ones. Figures 2-4 clearly show the
solubility of β-carotene in high-pressure carbon dioxide
at various temperatures by experiment, RSTM and
MMM EoS [28]. As shown in these evidences, MMM
EoS can properly predict solubility of β-carotene in high
pressure carbon dioxide (supercritical and near critical
conditions) while the precision of solubility estimation is
reduced in lower pressures (subcritical conditions). This
confirms that the MMM EoS is valid and accurate for the
solubility prediction in supercritical and near critical
conditions for the multicomponent systems.

TABLE 2. Solubility of β-carotene in high pressure carbon
dioxide and binary coefficient at 353.2 K

2.5
𝑎𝑖𝑖 = 0.48748𝑅2 𝑇𝑐𝑖𝑖
/𝑃𝑐𝑖𝑖

(10)

P
(Mpa)

𝑏𝑖𝑖 = 0.064662𝑅𝑇𝑐𝑖𝑖 /𝑃𝑐𝑖𝑖

(11)

𝑎𝑖𝑗 = (1 − 𝐾𝑖𝑗 )(𝑎𝑖 𝑎𝑗 )

1⁄
2

(12)

Therefore:

𝑠𝑢𝑝𝑒𝑟𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

ɸ𝑖

=
3(2 ∑𝑗 𝑦𝑖 𝑏𝑖𝑗 −∑𝑖 ∑𝑗 𝑦𝑖 𝑦𝑗 𝑏𝑖𝑗 )+𝑏𝑖𝑖

𝑒𝑥𝑝 {2.3191 [
𝑏

)] − 𝑙𝑛𝑍 +

𝑣
∑𝑖 𝑦𝑖 𝑏𝑖𝑖
𝑣

)−

4(𝑣−𝑏)
𝑎
𝑏
[( 𝑖𝑖
𝑅𝑇 1.5 ∑𝑖 𝑦𝑖 𝑏𝑖𝑖 ∑𝑖 𝑦𝑖 𝑏𝑖𝑖
𝑏𝑖𝑖

𝑣+∑𝑖 𝑦𝑖 𝑏𝑖𝑖

−

RSTM
[28]

MMM
EoS

Error
(%)

10.8

0.9781

0.9981

0.9765

0.1596

7

0.9814

0.9984

0.9785

0.2961

4.8

0.9852

0.9986

0.9961

1.1053

2.7

0.989

0.9987

0.9980

0.9145

1.7

0.999

0.9988

0.8866

11.2506

Averag
e error

2.7452

− 𝑙𝑛 (1 −

2 ∑𝑗 𝑦𝑗 𝑎𝑖𝑗
𝑎

Experiment
[28]

) 𝑙𝑛 (1 +

(13)

Binary
coefficient

0.4428

]}

The critical properties of the components in the
extraction of β-carotene from CPO by high-pressure
carbon dioxide as a solvent are shown in Table 1. The
solubility data are extracted from the literature [28].
3. RESULTS AND DISCUSSION
The solubility of β-carotene in the vapor phase and the
binary coefficient are found by the genetic algorithm. In
fact, the genetic algorithm is applied several times to find
the best results for solubility according to the
experimental data illustrated in literature [28].

TABLE 3. Solubility of β-carotene in high pressure carbon
dioxide and binary coefficient at 373.2 K
P
(Mp
a)

Experiment
[28]

RSTM
[28]

MMM
EoS

Error
(%)

11.1

0.9924

0.9981

0.9697

2.2878

7.6

0.9886

0.9984

0.9433

4.5819

6.1

0.9965

0.9986

1.0000

0.3511

4.2

0.998 8

0.9987

0.9795

1.9352

1.1

0.999

0.9988

0.8573

14.1860

Average
error

4.6684

Binary
coefficient

0.9521
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TABLE 4. Solubility of β-carotene in high pressure carbon
dioxide and binary coefficient at 393.2 K
RSTM
[28]

MMM
EoS

Error
(%)

7.4

0.9792

0.9981

0.9902

1.1258

5.4

0.9773

0.9984

0.9531

2.4785

4.4

0.984

0.9986

0.9834

0.0629

3.3

0.9905

0.9987

0.9462

4.4689

0.6

0.9978

0.9988

0.8602

13.7889

Average
error

1

Binary
coefficient

0.95

Solubility

P
Experiment
(Mpa)
[28]
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Figure 4. Solubility of β-carotene in high-pressure carbon
dioxide (yi) at 393.2 K

4. CONCLUSIONS

Figure 2. Solubility of β-carotene in high-pressure carbon
dioxide (yi) at 353.2 K

5. REFERENCES

1

Solubility

In the current research, the solubility of β-carotene from
palm oil as a multicomponent system in high pressure
carbon dioxide as a solvent was calculated using MMM
EoS. The data were compared with the experimental and
RSTM ones. The binary coefficient of β-carotene and
carbon dioxide was found by the genetic algorithm, as
well. It was concluded that MMM two-parameter EoS as
non-dependence to critical properties and to acentric
factor can properly estimate solubility data for a large
biomolecule in supercritical and near critical conditions.

0.95
0.9

1.

Brunner, G., "Supercritical fluids: Technology and application to
food processing", Journal of Food Engineering, Vol. 67, No. 12, (2005), 21-33.

2.

Fornari, T., Vicente, G., Vázquez, E., García-Risco, M.R. and
Reglero, G., "Isolation of essential oil from different plants and
herbs by supercritical fluid extraction", Journal of
Chromatography A, Vol. 1250, (2012), 34-48.

3.

Schulz, K., Martinelli, E.E. and Mansoori, G.A., Supercritical
fluid extraction and retrograde condensation (SFE/RC)
applications in biotechnology, in Supercritical fluid technology
(1991). 2017, CRC Press.451-478.

4.

Dohrn, R., Peper, S. and Fonseca, J.M., "High-pressure fluidphase equilibria: Experimental methods and systems investigated
(2000–2004)", Fluid Phase Equilibria, Vol. 288, No. 1-2,
(2010), 1-54.

5.

Fonseca, J.M., Dohrn, R. and Peper, S., "High-pressure fluidphase equilibria: Experimental methods and systems investigated
(2005–2008)", Fluid Phase Equilibria, Vol. 300, No. 1-2,
(2011), 1-69.

6.

Pfander, H., [1] carotenoids: An overview, in Methods in
enzymology. 1992, Elsevier.3-13.

7.

Hartono, R., Mansoori, G.A. and Suwono, A., "Prediction of
solubility of biomolecules in supercritical solvents", Chemical
Engineering Science, Vol. 56, No. 24, (2001), 6949-6958.

8.

Zainal, A., Kassim, K. and Sata, S., "Supercritical fluid extraction
of carotenoid from microalgae with projected thermodynamic
models (research note)", International Journal of Engineering,
Vol. 21, No. 2, (2008), 117-126.

Experiment
RSTM

0.85

MMM EoS

0.8
0

5

10

15

Pressure (Mpa)

Figure 3. Solubility of β-carotene in high-pressure carbon
dioxide (yi) at 373.2 K

Furthermore, RSTM could moderately predict the
solubility in the wide range of pressure. RSTM which is
an activity based model can properly legitimize the polar
(even non-polar) systems behavior such as ethanoloctane (with various ratios) although it requires a
computational calculations system due to having a lot of
related equations and requiring several try-errors [29-32].
According to the literature, the statistical
mechanically proper van der Waals mixing rules can
improve prediction of highly polar mixture properties
with the Peng-Robinson EoS. This method is general and
may be applied as well to other cubic EoSs [33].

205

R. Davarnejad and V. Jamshidi / IJE TRANSACTIONS B: Applications Vol. 32, No. 2, (February 2019) 201-206

9.

Kwont, Y.J. and Mansoori, G.A., "Solubility modeling of solids
in su, p ercritical fluids using the kirkwood-buff fluctuation
integral with the hard-sphere expansion (HSE) theory", The
Journal of Supercritical Fluids, Vol. 6, No. 3, (1993).

21.

Kwak, T. and Mansoori, G., "Van der waals mixing rules for cubic
equations of state. Applications for supercritical fluid extraction
modelling", Chemical Engineering Science, Vol. 41, No. 5,
(1986), 1303-1309.

10.

Yang, T., Chen, W.-D. and Guo, T.-M., "Phase behavior of a nearcritical reservoir fluid mixture", Fluid Phase Equilibria, Vol.
128, No. 1-2, (1997), 183-197.

22.

Walas, S.M., "Phase equilibria in chemical engineering,
Butterworth-Heinemann, (2013).

23.

11.

Housaindokht, M.R., Haghighi, B. and Bozorgmehr, M.R., "A
comparison among three equations of state in predicting the
solubility of some solids in supercritical carbon dioxide", Korean
Journal of Chemical Engineering, Vol. 24, No. 1, (2007), 102105.

Fornari, T. and Stateva, R.P., "High pressure fluid technology for
green food processing, Springer, (2015).

24.

Lyman, W.J., Reehl, W.F. and Rosenblatt, D.H., "Handbook of
chemical property estimation methods", (1990).

25.

Yazdizadeh, M., Eslamimanesh, A. and Esmaeilzadeh, F.,
"Thermodynamic modeling of solubilities of various solid
compounds in supercritical carbon dioxide: Effects of equations
of state and mixing rules", The Journal of Supercritical Fluids,
Vol. 55, No. 3, (2011), 861-875.

Subra, P., Castellani, S., Ksibi, H. and Garrabos, Y.,
"Contribution to the determination of the solubility of β-carotene
in supercritical carbon dioxide and nitrous oxide: Experimental
data and modeling", Fluid Phase Equilibria, Vol. 131, No. 1-2,
(1997), 269-286.

26.

Wang, L.-H. and Lin, S.-T., "A predictive method for the
solubility of drug in supercritical carbon dioxide", The Journal
of Supercritical Fluids, Vol. 85, (2014), 81-88.

Golberg, D.E., "Genetic algorithms in search, optimization, and
machine learning", Addion Wesley, Vol. 1989, No. 102, (1989),
36.

27.

Mohsen-Nia, M., Moddaress, H. and Mansoor, G.A., "A cubic
equation of state based on a simplified hard-core model",
Chemical Engineering Communications, Vol. 131, No. 1,
(1995), 15-31.

28.

Khansary, M.A., Sani, A.H., Shahbeig, H., Arif, A., Dalirsefat, H.
and Salehi, M.A., "A novel equation of state: Determination and
validation for dyes and drugs solubility calculations in
supercritical carbon dioxide", Periodica Polytechnica Chemical
Engineering, Vol. 58, No. 2, (2014), 179-194.

Davarnejad, R., Kassim, K.M., Ahmad, Z. and Sata, S.A.,
"Solubility of β-carotene from crude palm oil in high-temperature
and high-pressure carbon dioxide", Journal of Chemical &
Engineering Data, Vol. 54, No. 8, (2009), 2200-2207.

29.

Baseri, H., Haghighi-Asl, A. and Lotfollahi, N.M.,
"Thermodynamic modeling of solid solubility in supercritical
carbon dioxide: Comparison between mixing rules", Chemical
Industry and Chemical Engineering Quarterly/CICEQ, Vol.
19, No. 3, (2013), 389-398.

Kassim, K., Davarnejad, R. and Zainal, A., "Phase equilibrium
studying for the supercritical fluid extraction process using carbon
dioxide solvent with 1.35 mole ratio of octane to ethanol
mixture", Chemical Engineering Journal, Vol. 140, No. 1-3,
(2008), 173-182.

30.

Davarnejad, R., Kassim, K., Zainal, A. and Sata, S.A., "Phase
equilibrium study in supercritical fluid extraction of ethanol to
octane mixture using CO2", ASEAN Journal of Chemical
Engineering, Vol. 6, No. 1 & 2, (2007), 127-136.

31.

Davarnejad, R., Kassim, K., Zainal, A. and Sata, S.A.,
"Thermodynamic model used to predict supercritical carbon
dioxide separation of an ethanol-octane mixture: Feasibility
studies", International Journal of Thermodynamics, Vol. 12,
No. 1, (2009), 51-59.

32.

Davarnejad, R., Kassim, K., Zainal, A. and Sata, S.A., "Mutual
solubility study for 94.2: 5.8 of ethanol to octane with
supercritical carbon dioxide solvent", Journal of the Chinese
Institute of Chemical Engineers, Vol. 39, No. 4, (2008), 343352.

33.

Benmekki, E.-H. and Mansoori, G., "Phase equilibrium
calculations of highly polar systems", Fluid Phase Equilibria,
Vol. 32, No. 2, (1987), 139-149.

12.

13.

14.

15.

16.

Su, C.-S., "Prediction of solubilities of solid solutes in carbon
dioxide-expanded organic solvents using the predictive soave–
redlich–kwong (PSRK) equation of state", Chemical
Engineering Research and Design, Vol. 91, No. 6, (2013), 11631169.

17.

Ardjmand, M., Mirzajanzadeh, M. and Zabihi, F., "Measurement
and correlation of solid drugs solubility in supercritical systems",
Chinese Journal of Chemical Engineering, Vol. 22, No. 5,
(2014), 549-558.

18.

Shojaee, S.A., Rajaei, H., Hezave, A.Z., Lashkarbolooki, M. and
Esmaeilzadeh, F., "Experimental measurement and correlation
for solubility of piroxicam (a non-steroidal anti-inflammatory
drugs (NSAIDS)) in supercritical carbon dioxide", The Journal
of Supercritical Fluids, Vol. 80, (2013), 38-43.

19.

Mansoori, G.A. and Ely, J.F., "Density expansion (DEX) mixing
rules: Thermodynamic modeling of supercritical extraction", The
Journal of Chemical Physics, Vol. 82, No. 1, (1985), 406-413.

20.

Hartono, R., Mansoori, G.A. and Suwono, A., "Prediction of
molar volumes, vapor pressures and supercritical solubilities of
alkanes by equations of state", Chemical Engineering
Communications, Vol. 173, No. 1, (1999), 23-42.

206

R. Davarnejad and V. Jamshidi / IJE TRANSACTIONS B: Applications Vol. 32, No. 2, (February 2019) 201-206

Prediction of Solubility of β-Carotene as a Component in a Multicomponent System in
High-Pressure Carbon Dioxide
R. Davarnejad, V. Jamshidi
Department of Chemical Engineering, Faculty of Engineering, Arak University, Arak, Iran

PAPER INFO

چکیده

Paper history:

تخمین میزان حاللیت مولکولهای سنگین وزن در حاللهای فشار باال زمینه جذابی برای تحقیق و پژوهش است .گاهی اوقات
بنا به دالیلی از جمله عدم دسترسی به تجهیزات مناسب ،میزان حاللیت این مولکول ها در حالل را نمی توان به صورت
تجربی اندازه گیری نمود .در چنین شرایطی تخمین انحالل پذیری به کمک معادالت حالت می تواند به محققین کمک قابل
توجهی نماید .باتوجه به پیشینه پژوهش های انجام شده در این زمینه ،معادالت حالت ساده نظیر Soave-Redlich-Kwong

) (SRKو ) Peng-Robinson (PRو یا معادالتی از این دست ،به داده هایی نظیر پارامترهای وابسته به انرژی بین مولکولی،
خواص بحرانی ،ضرائب بی مرکزی و انکسار موالر نیاز دارند .از آنجا که این داده ها اغلب برای بسیاری از مولکولهای
سنگین وزن در دسترس نیستند ،در به کارگیری این معادالت حالت ،محدودیت هایی وجود خواهد داشت .عالوه بر این
چنانچه مولکول ها قطبی باشند ،به علت حضور ضرائب قطبیتی ،محاسبات ،چندین برابر دشوارتر خواهد شد .ضرایب قطبیتی
برای این دسته از مولکولها غالبا در دسترس نبوده و یا به آسانی قابل محاسبه نیستند .نتایج مطالعات نشان می دهد در چنین
شرایطی ،معادله حالت دو پارامتری  MMMبرای تخمین قابلیت انحالل سیستم های چندجزئی در شرایط بحرانی یا نزدیک
به شرایط بحرانی ،معادله ای دقیق است .به منظور اثبات این ادعا ،در این پژوهش ،میزان انحالل پذیری بتاکاروتن به عنوان
یک مولکول سنگین و قطبی ،در دی اکسید کربن فشار باال با استفاده از معادله حالت  MMMمحاسبه شده و نتایج با داده
های تجربی مقایسه گردیده است .همچنین ،ضرائب تاثیر متقابل بتاکاروتن و دی اکسید کربن در دماها و فشارهای مختلف
با استفاده از الگوریتم ژنتیک محاسبه شده اند.
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