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Abstract — This article presents a new correlative 

model for surface tension of mixtures. This model is 
an extension of a predictive model recently proposed 
by our group. Other correlative models were evalu-
ated and compared to the proposed model. Hydro-
carbons mixtures exhibiting chemical nature or 
shape and chain size asymmetries were chosen as the 
standard to test the performance of the chosen mod-
els at several temperatures. A total of 1433 experi-
mental data was used. All of the correlative models 
studied showed very good results. However, an F-test 
study pointed out that there are still opportunities in 
modeling for describing the studied data within the 
experimental uncertainties. 
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I. INTRODUCTION 
Surface tension (ST) is an important physical-chemical 
property due to its influence on several natural phenom-
ena, as well as industrial applications (Ramírez-
Verduzco et al., 2006). The industrial importance can be 
exemplified through several industrial processes, e.g., 
chemical reactions that occur in fluid surfaces, distilla-
tion, extraction, absorption, electrochemical reactions, 
operation of biological membranes, flotation, lubrica-
tion, and other processes where adhesion and detergen-
cy play important roles in the process. ST of liquids and 
their changes with composition in liquid solutions 
should be considered in the development of equipments 
that involve mass transfer (Tahery et al., 2005). 

In comparison to other classes of organic com-
pounds, hydrocarbons may be conveniently used to test 
the performances of models due to the relatively low 
strength of molecular interactions, as other classes may 
present strong dipole moment, hydrogen bond, or ionic 
interactions. Also, the physicochemical properties of 
hydrocarbons are widely used in the petroleum industry, 
which deals with heavy oils that contain molecules with 
more complex structures. In such cases, the models 
must be able to describe non-idealities due to chain 
length, shape, and chemical nature asymmetry. 

There are classic and empiric methods to estimate 
the ST for the so-called classic fluids and its mixtures, 
including hydrocarbons in this category. The most accu-
rate ones are capable of predicting ST of non-aqueous 
mixtures with a deviation of approximately 3.5% from 
the experimental data (Poling et al., 2001). 

Taking hydrocarbons at room temperature as a refer-
ence, ST is typically within the range of (15 to 30) mN 
m–1. Since experimental uncertainties are typically in 

the range between (0.01 and 0.1) mN m–1, the descrip-
tion of mixture ST with deviations comparable to the 
experimental uncertainties leads to relative deviations 
ranging from (0.03 to 0.7)%. Then, predictive models 
found in the literature are not capable of describing mix-
ture ST with such low deviations, even when pure com-
ponent ST is known. 

One demand for ST calculation is on the characteri-
zation of petroleum fractions through empiric models 
(Riazi and Al-Sahhaf, 1995). In this application, the 
composition of pseudo-components representative of 
petroleum families is calculated from macroscopic 
properties of the mixture, e.g., from ST. However, the 
estimation of ST, given composition and pure compo-
nents ST, usually lead to smaller errors than the inverse 
way, when mixture and pure component ST is used to 
calculate composition. As an example, in Fig. 1 are pre-
sented the relative errors when ST is calculated from 
composition by the molar additive model (Bezerra et al., 
2010), and when the inverse calculation is performed. 
Despite the inaccuracy of the simple model chosen, one 
can see that the relative errors on composition are much 
higher than the relative errors on ST. In order to obtain 
reasonable errors on composition, only very small errors 
on ST are acceptable. 

In a previous paper (Bezerra et al., 2010), we have 
presented a predictive model for ST performing better 
than usual predictive references for non-ideal surface 
thermodynamics, such as the Sprow-Prausnitz model. 
However, even the better models were not able to pre-
dict satisfactorily the ST of many mixtures, especially 
involving aromatic molecules. 
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Fig. 1. Relative error on the calculation of ST (given the com-
position) and compositions (given the ST) using the molar ad-
ditive ST model for the system benzene/n-hexane (Ridgway 
and Butler, 1967). 




