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Abstract 

In compositional reservoir simulation, equations of state (EOS) are extensively used for 
phase behavior calculations. Proper characterization of petroleum fractions, however, is essential 
for proper EOS predictions. In this paper, the most common characterization methods for pure 
and undefined petroleum fractions are presented. A set of equations for predicting the physical 
properties of pure components is proposed. The equations require the carbon number as the only 
input. They accurately calculate properties of pure components with carbon numbers in the range 
6-50 while eliminating discrepancies therein. Correlations for characterizing the undefined 
petroleum fractions assume specific gravity and boiling point as their input parameters. If 
molecular weight is input instead of boiling point, however, the same molecular weight equation 
is rearranged and solved nonlinearly for boiling point. This makes their use more consistent and 
favorable for compositional simulation. 

 

Introduction 

Physical properties of pure components were measured and compiled over the years. 
Properties include specific gravity, normal boiling point, molecular weight, critical properties 
and acentric factor. Properties of pure components are essential to the characterization process of 
undefined petroleum fractions. Katz and Firoozabadi (1978) presented a generalized set of 
properties for pure components with carbon number in the range 6-45. Whitson (1983) modified 
this set to make its use more consistent. His modification was based on Riazi and Daubert (1987) 
correlation for undefined petroleum fractions. Table 1 presents a listing of this set. G&P 
Engineering (2006) presented a complete set of data for pure components. Table 2 presents a 
listing of this set. 

Equations of state are extensively used in compositional reservoir simulators. Flash 
calculations are necessary to calculate vapor and liquid mole fractions and compositions at each 
new pressure and hence at each time step. Deep inside the process of flash calculations, pure 
component properties play an important role in these calculations. After tangling a lot with flash 
calculation problems, Naji 2008, it has been concluded that the smoothness of properties is really 
important for the convergence of the solution. That is, convergence is clearly affected by the set 



International Journal of Engineering & Technology IJET-IJENS Vol:10 No:02 40

of pure component properties when all other factors are kept constant. This is why we dedicated 
this research to dig deeper and make clear the feasible sets of pure component properties. 

In both data sets, each property was plotted versus carbon number and the plot was fit by 
regression methods. The fit equations for Katz-Firoozabadi and for the G&P physical properties 
are given next. Those equations have proved consistent when applied for splitting and lumping 
petroleum plus fractions, see Naji, 2006. When two-phase flash calculations were directly 
applied to unmanaged pure data sets, convergence problems were encountered. Such problems, 
however, were eliminated when those correlations were implemented, see Naji 2008. 
 
 
1. Katz-Firoozabadi Data Set 

 
Katz and Firoozabadi (1978) presented a generalized set of properties for pure components 

with carbon number in the range 6-45. Whitson (1983) modified this set to make its use more 
consistent. His modification was based on Riazi and Daubert (1987) correlation for undefined 
petroleum fractions. Table 1 presents a listing of this set. 
 
 
2. G&P Engineering Data Set 

 
G&P Engineering (2006), in their software PhysProp v. 1.6.1, presented a complete set of 

physical properties for pure components. Table 2 presents a listing of this set. 
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3. Riazi-Daubert Correlations 

Riazi and Daubert (1987) developed a set of equations to evaluate properties of undefined 
petroleum fractions. Given specific gravity (SG) and boiling point (Tb) or molecular weight 
(MW) of the petroleum fraction, physical properties are estimated as follows: 

• Molecular Weight 

If specific gravity (SG) and boiling point (Tb) of the petroleum fraction are given, 

molecular weight (MW) is estimated as follows: 

( )SGkxSGkx
SGkMW

34

98308.426007.1

1008476.278712.710097.2exp
965.42

−− +−

=
    (1) 

Where: 

8.1/bTk =            (2) 

• Normal Boiling Point 

 In case boiling point (Tb) of the petroleum fraction is not known and molecular weight 
(MW) is given instead, the above equation is rearranged and solved iteratively for k. The 
objective function for the nonlinear solver is given by: 

( )
( ) 01008476.278712.710097.2exp

965.42
34

98308.426007.1

=−+−

=
−− MWSGkxSGkx

SGkkf
   (3) 

• Critical Temperature 

( )SGkxSGkx

SGkTc
44

53691.081067.0

104791.6544442.010314.9exp

17.14194
−− +−−
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    (4) 

• Critical Pressure 

( )SGkxSGkx

SGkxpc
33

0846.44844.05

10749.58014.410505.8exp

10446.3512440
−−

−

+−−

=
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• Critical Volume 

( )kSGxSGkx

SGkxVc
33

2028.17506.04

101.97126404.0102.64222exp

109.689574
−−

−−

+−−

=
    (6) 

• Critical Compressibility 

Critical compressibility may be conveniently calculated by the real gas equation-of-state 
at the critical point as follows: 

c

cc

c

cc
c T

MWVp
RT

MWVpZ
732.10

==
        (7)

 

• Watson Factor 

The Watson factor is calculated from its definition as follows: 

SG
TK b

3
1

=            (8) 

• Acentric Factor (Edmister’s Correlation) 
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• Acentric Factor (Korsten’s Correlation) 
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Where Tb and Tc are in °R, pc is in psia, and Vc is in ft3/lb. 
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4. Kesler-Lee Correlations 

 Kesler and Lee (1976) developed a set of equations to evaluate properties of undefined 
petroleum fractions. Given specific gravity (SG) and boiling point (Tb) or molecular weight 
(MW) of the petroleum fraction, physical properties are estimated as follows: 

• Molecular Weight 

If specific gravity (SG) and boiling point (Tb) of the petroleum fraction are given, 

molecular weight (MW) is estimated as follows:

 ( )

( )

( ) 3
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Where: 

8.1/bTk =            (12) 

• Normal Boiling Point 

 In case boiling point (Tb) is not known and molecular weight (MW) is given instead, the 
above equation is rearranged and solved iteratively for k. The objective function for the 
nonlinear solver is given by: 
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• Critical Temperature 
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• Acentric Factor 
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Where: 

c

b
br T

TT =            (17) 

SG
TK b

3
1

=            (18) 

• Critical Compressibility Factor 

ω0850.02905.0 −=cZ          (19) 

 

• Critical Volume (General Definition) 

c

cc
c MWp

ZRTV =           (20) 

Where Tb and Tc are in °R, pc is in psia, and Vc is in ft3/lb. 
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5. Cavett Correlations 

 Cavett (1962) developed a set of equations to evaluate properties of undefined petroleum 
fractions. Given specific gravity (SG) and boiling point (Tb) of the petroleum fraction, molecular 
weight and critical properties are estimated as follows: 

• Molecular Weight (Soreide Correlation) 

 The Soreide correlation for true boiling point is solved iteratively for molecular weight 
(MW). The objective function for the nonlinear solver is written as follows: 

( )
( ) 010462.37685.410922.4exp

10417.928.1071
33

266.303522.04

=−+−−

−=
−−

−

kSGMWxSGMWx
SGMWxMWf

 (21) 

Where: 

kTb 8.1=            (22) 

• Normal Boiling Point (Soreide Correlation) 

 In case boiling point (Tb) is not known and molecular weight (MW) is given instead, the 
above equation is solved directly for k as follows: 
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• Critical Temperature 

[
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• Critical Pressure 
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• Critical Volume (Reidel Correlation) 
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• Acentric Factor (Korsten’s Correlation) 
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6. Twu Correlations 

 Twu (1984) used the critical properties back-calculated from vapor pressure data to get 
correlations for the undefined petroleum fractions. Given specific gravity (SG) and boiling point 
(Tb) in °R of the undefined petroleum fraction, molecular weight and critical properties are 
estimated as follows: (Note that quantities are calculated in SI units. To convert them to the 
English system, Tc is multiplied by 1.8, pc is multiplied by 14.5038, and Vc is multiplied by 
0.016019). 

• Critical Temperature 

( ) ( )[ ]20 2121 TTcc ffTT −+=         (29) 

Where: 

(
)132431027

3
0

1060773.410658481.11052617.2
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( )[ ]TTT SGkkSGf Δ−+−Δ= 5.05.0 /706691.00398285.0/27016.0     (31) 

( )[ ] 15exp 0 −−=Δ SGSGSGT         (32) 

1230 5.1374936159.3128624.0843593.0 ααα −−−=SG     (33) 

8.1/bTk =            (34) 

( )0/1 cTk−=α           (35) 

• Critical Volume 

( ) ( )[ ]20 2121 VVcc ffVV −+=         (36) 

Where: 

( ) 81430 414.565593307.030171.034602.0 −
+++= αααcV     (37) 

( )[ ]VVV SGkkSGf Δ+−+Δ= 5.05.0 /248896.2182421.0/347776.0    (38) 

( )[ ] 14exp 220 −−=Δ SGSGSGV         (39) 

• Critical Pressure 

( )( ) ( ) ( )[ ]2000 2121// ppcccccc ffVVTTpp −+=       (40) 
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Where: 

( )2425.00 35886.275041.916106.931412.000661.1 αααα ++++=cp    (41) 
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]p

pp
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( )[ ] 15.0exp 0 −−=Δ SGSGSGp         (43) 

• Molecular Weight 

( ) ( )[ ]{ }22121exp MM ffMW −+= β        (44) 

Where β is obtained by solving the following nonlinear equation: 
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If specific gravity (SG) and molecular weight (MW) of the petroleum fraction were given 
instead, the boiling point (Tb) in °R is calculated as follows: 

kTb 8.1=            (49) 

Where k is estimated by solving Eq. 45 iteratively and β is calculated by rearranging Eq. 44 
as follows: 

( )
( ) ( )[ ]22121

ln

MM ff
MW

−+
=β         (50) 

Other parameters are the same as given by Eq. 46-48. 

• Critical Compressibility Factor (General Definition) 
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• Acentric Factor (Edmister’s Correlation) 
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• Acentric Factor (Korsten Correlation) 
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7. Regression Models for the Katz-Firoozabadi Data Set 

When plotting Katz and Firoozabadi (1978) properties versus carbon number, discrepancies 
for C30-C32 were observed for critical properties and acentric factor as shown in Figures 5-8 
original data. Therefore, these data sets were fit via regression models as a function of carbon 
number. The fit data is more consistent than the original data. The regression models are given 
by: 

• Specific Gravity 

( ) ( ) 08661026.056839638.0 −= nnSG         (54) 

• Normal Boiling Point 

( ) ( ) ( )
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• Molecular Weight 
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• Critical Temperature 
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• Acentric Factor 

( ) ( ) ( ) 2137524.0510778880.3510218910.4 224 +−+−−= −− nxnxnω    (59) 

• Critical Volume 
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            (60) 
• Critical Compressibility 

Critical compressibility may be conveniently calculated by the real gas equation-of-state 
at the critical point as follows: 

c
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c
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• Watson Factor 

The Watson factor is calculated from its definition as follows: 
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8. Regression Models for the G&P Engineering Data Set 

When plotting G & P Engineering (2006) properties versus carbon number, discrepancies for 
C17-C21 were observed for critical properties and acentric factor as shown in Figures 13-16 
original data. Therefore, this data set was fit via regression models as a function of carbon 
number. The fit data is more consistent than the original data. The models are given by: 

• Specific Gravity 

( ) ( ) 08661026.056839638.0 −= nnSG         (63) 

• Normal Boiling Point 
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• Molecular Weight 
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• Critical Pressure 
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• Acentric Factor 
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• Critical Volume 

( ) ( ) ( )
( ) ( ) 2-4-25-

3-64-8

x10050242.75-nx10928815.85-nx10725485.6

5-nx10600623.15-nx10326285.1

+−+
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• Critical Compressibility 

Critical compressibility may be conveniently calculated by the real gas equation-of-state 
at the critical point as follows: 

c

cc

c

cc
c T

MWVp
RT

MWVpZ
732.10

==
        (70) 

• Watson Factor 

The Watson factor is calculated from its definition as follows: 

SG
TK b

3
1

=            (71) 

Conclusions 

After tangling with many data banks for the physical properties of pure components, a set of 
regression models, for predicting the physical properties of pure components (paraffins/ alkanes), 
were devised. The only required input is the carbon number. Predicted properties include: 
specific gravity, normal boiling point, molecular weight, critical properties and acentric factor. 
The models are used to calculate physical properties of pure components with carbon numbers in 
the range 6-50. A worthwhile aspect of the fit models, however, is that they accurately duplicate 
the original data sets while eliminating discrepancies therein. This makes their use more 
consistent and favorable for compositional reservoir simulation purposes. 

The most common correlations for characterizing undefined petroleum fractions, that were 
presented in literature and have gotten a wide acceptance in the oil industry, are revised. The 
only required input parameters are specific gravity and normal boiling point or molecular weight. 
Calculated properties include: normal boiling point (if molecular weight is supplied), molecular 
weight (if normal boiling point is supplied), critical properties and acentric factor. 
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Nomenclature 

Tb  = normal boiling point, °R 
MW = molecular weight, lb/lb-mole 
γ  = specific gravity 
ω  = acentric factor 
K  = Watson characterization factor 
Tc  = critical temperature, °R 
pc  = critical pressure, psia 
Zc  = critical compressibility factor 
Vc  = critical volume, ft3/lb 
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Table 1: Katz-Firoozabadi Generalized Physical Properties as Modified by Whitson 
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Table 2: Physical Properties as Presented by G&P Engineering Software (v. 1.6.1) 

 



International Journal of Engineering & Technology IJET-IJENS Vol:10 No:02 57

 

 

 

 

 

 

 

 

Fig. 1: Katz-Firoozabadi original and fit specific gravities of pure components 
plotted versus component carbon number 

 

 

 

 

 

Fig. 2: Katz-Firoozabadi original and fit normal boiling points of pure 
components plotted versus component carbon number 
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Fig. 3: Katz-Firoozabadi original and fit molecular weights of pure components 
plotted versus component carbon number 

 

 

 

 

 

 

 

Fig. 4: Katz-Firoozabadi original and fit critical temperatures of pure 
components plotted versus component carbon number 
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Fig. 5: Katz-Firoozabadi original and fit critical pressures of pure components 
plotted versus component carbon number 

 

 

Fig. 6: Katz-Firoozabadi original and fit acentric factors of pure components 
plotted versus component carbon number 
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Fig. 7: Katz-Firoozabadi original and fit critical volumes of pure components 
plotted versus component carbon number 

 

 

Fig. 8: Katz-Firoozabadi original and fit critical compressibility factors of pure 
components plotted versus component carbon number 
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Fig. 9: Katz-Firoozabadi original and fit Watson factors of pure components 
plotted versus component carbon number 

 

 

Fig. 10: G & P Engineering original and fit specific gravities of pure components 
plotted versus component carbon number 
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Fig. 11: G & P Engineering original and fit normal boiling points of pure 
components plotted versus component carbon number 

 

Fig. 12: G & P Engineering original and fit molecular weights of pure 
components plotted versus component carbon number 

 



International Journal of Engineering & Technology IJET-IJENS Vol:10 No:02 63

 

Fig. 13: G & P Engineering original and fit critical temperatures of pure 
components plotted versus component carbon number 

 

Fig. 14: G & P Engineering original and fit critical pressures of pure components 
plotted versus component carbon number 
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Fig. 15: G & P Engineering original and fit acentric factors of pure components 
plotted versus component carbon number 

 

Fig. 16: G & P Engineering original and fit critical volumes of pure components 
plotted versus component carbon number 
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Fig. 17: G & P Engineering original and fit critical compressibility factors of pure 
components plotted versus component carbon number 

 

Fig. 18: G & P Engineering original and fit Watson factors of pure components 
plotted versus component carbon number 

 

 

Fig. 19: Normal boiling points of pure components plotted versus component 
carbon number for various correlations 
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Fig. 20: Molecular weights of pure components plotted versus component carbon 
number for various correlations 

 

 

 

 

 

 

 

Fig. 21: Critical temperatures of pure components plotted versus component 
carbon number for various correlations 
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Fig. 22: Critical pressures of pure components plotted versus component carbon 
number for various correlations 
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Fig. 23: Acentric factors of pure components plotted versus component carbon 
number for various correlations 

 

Fig. 24: Critical volumes of pure components plotted versus component carbon 
number for various correlations 

 

 

 

 

 

 

 

 

 

 

Fig. 25: Critical compressibility factors of pure components plotted versus 
component carbon number for various correlations 

 


