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models is compared with experimental data for all given 
mixtures. The comparison shows that in a mixture containing 
organic compounds the PR model is more precise in both 
phases. However, when the mixture contains both organic and 
inorganic compounds, the SRK model is more precise in the 
liquid phase compared to PR model. 

II. MATHEMATICAL MODELING 

The isothermal flash calculation is carried out for the phase 
equilibrium by iterating pressure to get the liquid and vapor 
fraction of the mixture. For satisfying the applied condition, 
iterating pressure applies the loop whereas the temperature and 
pressure are independent variables for this system. For K-
values, where  

i
i

i

y
k

x
               (1) 

In literature, empirical correlations are available for K 
values. In this case, the empirical correlation used is Wilson 
equation for K-value which is further used for the calculation 
of phase fraction. If the K-value approaches equilibrium, the 
convergence occurs for the solution. 

1
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   (2) 

For the calculation of liquid and vapor mole fraction, the 
Richford Rice procedure is followed. On (5) for liquid mole 
fraction, the Newton-Raphson method is used, and the method 
uses the condition given in (7). 
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Equation of state parameters is calculated from given 
equations: 

1 1
( ) ( )c cn n

m i j iji j
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     (9) 
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For the suitable VLE behavior of the given mixture, we can 
solve the SRK and PR EOS to get molar volumes of both 
phases [25]. Because of the difference in phase’s composition, 
the two solutions are essential for roots of both cubic EOS. The 
iterative approach is applied to (12) for cubic roots of SRK 
EOS and to (13) for cubic roots of PR EOS. 
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Compressibility factor is calculated by using (14): 

mL
L

pV
Z

RT
      (14) 

The fugacity and pressure relation give a dimensionless 
number which is the fugacity coefficient. The liquid phase 
fugacity for all components is calculated from (15) and for 
vapor phase a change is made in (15) by replacing xi with yi 
and L subscript with V. 
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  (15) 

To satisfy the equilibrium, (16) is used to converge the 
solution at certain liquid and vapor composition [26]. If the 
equilibrium is not satisfied, (21) is used for new K-value and 
again iterate the process until the satisfaction of equilibrium. ቀ୤ഠ౒෢୤ഠ෢ై − 1ቁ < 10ିହ    (16) ∅న୚෢ = ୤ഠ౒෢୷౟	୮	 	 	 	 	 (17)	∅న୐෢ = ୤ഠ෢ై୶౟	୮	 	 	 	 	 (18)	

∅ഠ෢ై∅ഠ౒෢ = ୤ഠ෢ై୤ഠ౒෢ ୷౟୶౟	 	 	 	 	 (19)	
∅ഠ෢ై∅ഠ౒෢ = ୷౟୶౟	 	 	 	 	 (20)	k୧୬ୣ୵ = ୤ഠ෢ై୤ഠ౒෢ k୧୭୪ୢ	 	 	 	 (21)	
The overview of the iterative method is explained in the 

flow chart shown in Figure 2. The operating parameters for 
EOS modeling are given in Table I. 
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TABLE I.  OPERATING PARAMETERS 

Parameters Hydrogen Propane Methane n-butane 
 Hydrogen Propane Methane n-butane 

Tc (K) 33.2 370 190.82 425.32 
Pc (atm) 12.8 41.8 45.8 37.42 

ω 0.205 0.153 0.012 0.199 
T (K) 310.93 310.93 

P (atm) 13 - 433 3.536 - 136 

 
Carbon dioxide 

propane 
Methane n-decane 

 
Carbon 
dioxide 

Propane Methane n-decane 

Tc (K) 304.2 370 190.82 617.8 
Pc (atm) 73 41.8 45.8 21.1 

ω 0.268 0.153 0.012 0.49 
T (K) 277.56 477.594 

P (atm) 5.4 - 37.9 3.536 - 136 

 

 
Fig. 2.  Flow chart of the flash calculation 

III. RESULTS AND DISCUSSION 

Numerical analysis approach is applied for both SRK and 
PR EOS on four sets of binary mixtures: hydrogen/propane, 
methane/n-butane, carbon dioxide/propane and methane/n-
decane with a tolerance level of 10-7. Under isothermal 
conditions for hydrogen, methane, and carbon dioxide the 
behavior of pressure with volume is observed. Figures 3-5 
show the decrease in pressure by the increasing volume for 
SRK and PR EOS when the temperature is less than the critical 
compared to when the temperature is close to critical. After 
some interval, the point from where there is no remarkable 
change in pressure is reached. In the case of mixture of 
hydrogen/propane, wide deviation has been reported. This is 
caused by the presence of hydrogen in the system. In order to 
overcome this deviation the binary interaction parameter is 
used. In vapor phase, the phase behavior shows no difference 
between SRK and PR EOS model results with experimental 
data [27] but in the liquid phase, the phase behavior results of 
SRK model show less deviation compared to the results of PR 
model. 

 
Fig. 3.  Isotherms for Hydrogen 

 
Fig. 4.  Isotherms for Methane 

 

 
Fig. 5.  Isotherms of Carbon dioxide 
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Fig. 6.  Mole fraction of hydrogen at various pressures 

 

 
Fig. 7.  Mole fraction of methane at various pressures 

 

 
Fig. 8.  Mole fraction of carbon dioxide at various pressures 

 

 
Fig. 9.  Mole fraction of methane at various pressures 

However, the graphical trend of SRK and PR model follow 
the same trend of experimental outcomes as shown in Figure 6. 
The presence of carbon dioxide in the mixture will generate a 
deviation in the prediction of phase behavior. Figure 8 shows 
that in the liquid phase the deviation of PR EOS from 
experimental results is less than that of SRK model, however in 
vapor phase the deviation of SRK is less compared to PR 
model but the trend of phase behavior for both SRK and PR 
EOS model follows the experimental phase behavior. In a 
binary mixture of methane/n-butane and methane/n-decane the 
phase behavior predicated by PR EOS model is more precise 
with experimental results compared to SRK model in liquid 
phase but in the vapor phase, both SRK and PR EOS are both 
accurate as shown in Figures 7, 9. This shows that in critical 
conditions the prediction of phase behavior can be done in a 
precise way for hydrocarbon mixtures. However, there is a 
wide difference in volatilities of methane and n-decane, but the 
mixing rules of the EOS have applied accurately. 

IV. CONCLUSIONS 

In this study, numerical analysis is applied on SRK and PR 
EOS for pressure relation with mole fraction and volume for 
binary mixtures of hydrogen/propane, methane/n-butane, 
carbon dioxide/propane and methane/n-decane. The mole 
fraction relation with pressure for all binary mixtures is 
acquired at vapor-liquid equilibrium by making an iteration of 
pressure in the certain domain under critical conditions. The 
prediction of phase behavior by SRK and PR EOS models 
show that both models give an accurate prediction for the 
system of methane/n-butane and methane/n-decane with 
experimental results under critical conditions. However, in 
hydrogen/propane mixture the phase behavior in liquid phase 
predicted by SRK model show less deviation with experimental 
data compared to PR model. This is due to the presence of 
lighter gases such as hydrogen in the mixture and low mixture 
pressure. VLE is affected by the presence of carbon dioxide in 
carbon dioxide/propane mixture due to which deviation is 
reported up to a finite range of pressure. The PR model shows 
less deviation with experimental data in the liquid phase, but 
SRK model shows less deviation in the vapor phase. The trend 
of deviation for both SRK and PR with experimental data 
decreases with increase in pressure and at high pressures it 



Engineering, Technology & Applied Science Research Vol. 8, No. 1, 2018, 2422-2426 2426  
  

www.etasr.com Hussain and Ahsan: A Numerical Comparison of Soave Redlich Kwong and Peng-Robinson Equations … 
 

become almost insignificant. The isotherm from SRK and PR 
showed that the pressure initially decreases, after it starts 
increasing and finally reaches constant behavior. In a mixture 
containing only organic compounds the approach used for PR 
EOS is more precise with experimental data of pressure and 
mole fraction at both phases. However, when the mixture 
contains inorganic and organic compounds the approach used 
for SRK EOS results in more precise pressure and mole 
fraction relationship with experimental data in the liquid phase. 

NOMENCLATURE 
PR EOS = Peng-Robinson equation of state 

fL = fugacity of a component in a mixture (Pa) 

Ki = K-values of nth component (dimensionless) 

k = binary interaction parameter (dimensionless) 

L = Liquid mole fraction (dimensionless) 

Pc = critical pressure  (atm) 

P = pressure (Pa) 

R = ideal gas constant 

t = time (seconds) 

Tc = critical temperature (Kelvin) 

T = temperature (Kelvin) 

V = vapor mole fraction 

x = x-coordinate 

xi = mole fraction of ith component in liquid 

yi = mole fraction of an ith component in the vapor 

ω = acentric factor 

REFERENCES 
[1] Z. Yushan, X. Zhihong, “Lipschitz optimization for phase stability 

analysis: Application to Soave–Redlich–Kwong equation of state”, Fluid 
Phase Equilibria, Vol. 162, No. 1, pp. 19-29, 1999 

[2] E. M. Zivkovic, D. M. Bajic, I. R. Radovic, S. P. Serbanovic, M. L. J. 
Kijevtanin, “Volumetric and viscometric behavior of the binary systems 
ethyl lactate+1,2-propanediol,+1,3-propanediol, plus tetrahydrofuran and 
plus tetraethylene glycol dimethyl ether. New UNIFAC-VISCO and 
ASOG-VISCO parameters determination”, Fluid Phase Equilibria, Vol. 
373, pp. 1-19, Jul 15, 2014 

[3] S.-E. K. Fateen, M. M. Khalil, A. O. Elnabawy, “Semi-empirical 
correlation for binary interaction parameters of the Peng–Robinson 
equation of state with the van der Waals mixing rules for the prediction 
of high-pressure vapor–liquid equilibrium”, Journal of Advanced 
Research, Vol. 4, No. 2, pp. 137-145, 2013 

[4] F. Goncalves, M. Castier, O. Araujo, “Dynamic simulation of flash 
drums using rigorous physical property calculations”, Brazilian Journal 
of Chemical Engineering, Vol. 24, No. 2, pp. 277-286, 2007 

[5] J.-N. Jaubert, R. Privat, “Relationship between the binary interaction 
parameters (kij) of the Peng–Robinson and those of the Soave–Redlich–
Kwong equations of state: Application to the definition of the PR2SRK 
model”, Fluid Phase Equilibria, Vol. 295, No. 1, pp. 26-37, 2010 

[6] K. Frey, M. Modell, J. Tester, “Density-and-temperature-dependent 
volume translation for the SRK EOS: 1. Pure fluids”, Fluid Phase 
Equilibria, Vol. 279, No. 1, pp. 56-63, 2009 

[7] X.-H. Xu, Y.-Y. Duan, Z. Yang, “Crossover volume translation Soave–
Redlich–Kwong equation of state for fluids”, Industrial & Engineering 
Chemistry Research, Vol. 51, No. 18, pp. 6580-6585, 2012 

[8] J. A. P. Coelho, R. M. Filipe, G. P. Naydenova, D. S. Yankov, R. P. 
Stateva, “Semi-empirical models and a cubic equation of state for 
correlation of solids solubility in scCO2: Dyes and calix[4]arenes as 
illustrative examples”, Fluid Phase Equilibria, Vol. 426, pp. 37-46, 2016 

[9] A. Shen, Q. Liu, Y. Duan, Z. Yang, “Crossover Equation of State for 
Selected Hydrocarbons (C4–C7)”, Chinese Journal of Chemical 
Engineering, Vol. 22, No. 11–12, pp. 1291-1297, 2014 

[10] Z. Ziabakhsh-Ganji, H. Kooi, “An Equation of State for thermodynamic 
equilibrium of gas mixtures and brines to allow simulation of the effects 
of impurities in subsurface CO2 storage”, International Journal of 
Greenhouse Gas Control, Vol. 11, Supplement, pp. S21-S34, 2012 

[11] H. Baled, R. M. Enick, Y. Wu, M. A. McHugh, W. Burgess, D. 
Tapriyal, B. D. Morreale, “Prediction of hydrocarbon densities at 
extreme conditions using volume-translated SRK and PR equations of 
state fit to high temperature, high pressure PVT data”, Fluid Phase 
Equilibria, Vol. 317, pp. 65-76, 2012 

[12] F. Esmaeilzadeh, F. Samadi, “Modification of Esmaeilzadeh-Roshanfekr 
equation of state to improve volumetric predictions of gas condensate 
reservoir”, Fluid Phase Equilibria, Vol. 267, No. 2, pp. 113-118, 2008 

[13] A. M. Abudour, S. A. Mohammad, R. L. Robinson Jr, K. A. M. Gasem, 
“Generalized binary interaction parameters for the Peng–Robinson 
equation of state”, Fluid Phase Equilibria, Vol. 383, pp. 156-173, 2014 

[14] V. H. Alvarez, M. Aznar, “Thermodynamic modeling of vapor–liquid 
equilibrium of binary systems ionic liquid + supercritical {CO2 or 
CHF3} and ionic liquid + hydrocarbons using Peng–Robinson equation 
of state”, Journal of the Chinese Institute of Chemical Engineers, Vol. 
39, No. 4, pp. 353-360, 2008 

[15] L. Mingjian, M. Peisheng, X. Shuqian, “A modification of α in SRK 
equation of state and vapor-liquid equilibria prediction”, Chinese Journal 
of Chemical Engineering, Vol. 15, No. 1, pp. 102-109, 2007 

[16] G.-B. Hong, C.-T. Hsieh, H.-m. Lin, M.-J. Lee, “Multiphase Equilibrium 
Calculations from Soave Equation of State with Chang-Twu/UNIFAC 
Mixing Rules for Mixtures Containing Water, Alcohols, and Esters”, 
Industrial & Engineering Chemistry Research, Vol. 51, No. 13, pp. 
5073-5081, 2012 

[17] H. Lin, Y.-Y. Duan, T. Zhang, Z.-M. Huang, “Volumetric property 
improvement for the Soave-Redlich-Kwong equation of state”, Industrial 
& Engineering Chemistry Research, Vol. 45, No. 5, pp. 1829-1839, 
2006 

[18] K. Nasrifar, O. Bolland, “Square-well potential and a new α function for 
the soave-Redlich-Kwong equation of state”, Industrial & Engineering 
Chemistry Research, Vol. 43, No. 21, pp. 6901-6909, 2004 

[19] L. Y. Zang, Q. L. Zhu, Z. Yun, “Extension of a Quartic Equation of 
State to Pure Polar Fluids”, Canadian Journal of Chemical Engineering, 
Vol. 89, No. 3, pp. 453-459,  2011 

[20] L. Martinez-Banos, J. M. Embid, S. Otin, M. Artal, “Vapour-liquid 
equilibrium at T=308.15 K for binary systems: Dibromomethane plus n-
heptane, bromotrichloromethane plus n-heptane, bromotrichloromethane 
plus dibromomethane, bromotrichloromethane plus 
bromochloromethane and dibromomethane plus bromochlormethane. 
Experimental data and modelling”, Fluid Phase Equilibria, Vol. 395, pp. 
1-8, 2015 

[21] L. Lugo, M. J. P. Comunas, E. R. Lopez, J. Fernandez, “Volumetric 
properties of 1-iodoperfluorohexane plus n-octane binary system at 
several temperatures - Experimental data and EoS prediction”, Journal of 
Thermal Analysis and Calorimetry, Vol. 87, No. 1, pp. 179-187, 2007 

[22] I. Ashour, N. Al-Rawahi, A. Fatemi, G. Vakili-Nezhaad, Applications of 
Equations of State in the Oil and Gas Industry, INTECH Open Access 
Publisher, 2011 

[23] K. Liu, Y. Wu, M. A. McHugh, H. Baled, R. M. Enick, B. D. Morreale, 
“Equation of state modeling of high-pressure, high-temperature 
hydrocarbon density data”, The Journal of Supercritical Fluids, Vol. 55, 
No. 2, pp. 701-711, 2010 

[24] D. S. H. Wong, S. I. Sandler, “A theoretically correct mixing rule for 
cubic equations of state”, AIChE Journal, Vol. 38, No. 5, pp. 671-680, 
1992 

[25] G. Soave, S. Gamba, L. A. Pellegrini, “SRK equation of state: Predicting 
binary interaction parameters of hydrocarbons and related compounds”, 
Fluid Phase Equilibria, Vol. 299, No. 2, pp. 285-293, 2010 

[26] T. Sugahara, S. Murayama, S. Hashimoto, K. Ohgaki, “Phase equilibria 
for H 2+ CO 2+ H 2 O system containing gas hydrates”, Fluid Phase 
Equilibria, Vol. 233,No. 2, pp. 190-193, 2005 

[27] G. Soave, “Equilibrium constants from a modified Redlich-Kwong 
equation of state”, Chemical Engineering Science, Vol. 27, No. 6, pp. 
1197-1203, 1972 


