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Introduction

A hard-sphere-chain (HSC) equation of state can be used as the reference system in place of the hard-sphere reference used in most existing equations of state for fluids. In 1994, Song et al.1 proposed a perturbed hard-sphere-chain (PHSC) equation of state which is in better agreements with computer simulation data than those of the previous HSC thermodynamic models. However, when compared with Monte Carlo simulation data for the compressibility factors of hard-spheres, PHSC equation of state slightly underestimates the pressure especially in high-density region. Kim and Bae2, 3 modified the PHSC equation by introducing the form of the radial distribution function proposed by Chapman et al.4 into the bonding part in reference term. This model also better illustrates the density dependence of the reference term than that of PHSC equation of state when plotting the ratio of the repulsive contribution to the compressibility factor for a chain molecule to that for a monomer molecule versus the reduced density. However, two PHSC equations of state are still poor in representing the attractive contributions as both equations of state adapted the simplest type of van der Waals attractive form as the perturbation term. Bokis et al.5 suggested a simple expression for the perturbation term by correlating the Monte Carlo simulation data directly.

In this work, we introduce this perturbation term into the modified PHSC equation of state to account for the attractive contributions better than those of existing HSC models. We then compare the model with the PHSC equations of state through computer simulation data for a one-component hard-sphere chain system and binary mixtures of hard-sphere chains. We also predict VLE and LLE of fluids including polymer solution.

Theoretical Consideration

Equation of state

The general form of HSC based equation of state is as follows.
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In eq. (1), the reference equation takes the form proposed by Kim and Bae2, 3.
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where 
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 is the pressure, 
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 is the number density (N is the number of molecules and V is the volume), and 
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 is the Boltzmann constant.

In this study, we introduce a new perturbation term proposed by Bokis et al.5
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where 
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 is the attractive contribution to the compressibility factor for a spherical molecule (monomer).

The final form of a new perturbation term for the HSC is given by
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 are constants for each chain and vary approximately linearly with chain length according to 
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Putting the reference and perturbation term together, we find that the equation of state for the proposed model is as below
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In this model, a and b reflect the attractive forces between two non-bonded segments and the second virial coefficient of hard spheres, respectively. These values are temperature dependent and given by
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where 
[image: image16.wmf]d

 is the effective hard-sphere diameter of a segment. The constants, 
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 and 
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, are depth of the minimum in the pair potential and the separation distance between centers at this minimum, respectively. 
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 represents the number of segments per molecule and 
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obtained by Carnahan and Starling6
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where 
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 is defined as the packing fraction which is given by
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Helmholtz Energy
The general equation for calculating the Helmholtz energy from an equation of state is7
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Substitution of eq. (6) into eq. (13) yields the final expression for Helmholtz free energy
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Chemical Potential
The chemical potential is given by
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The chemical potential then can be expressed in terms of 
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where 
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Fugacity Coefficient

For a pure component, the fugacity coefficient f can be obtained from the following relationship7
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Substituting eq.(6) into eq.(20) yields 
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where 
[image: image41.wmf]Z

 is the same equation as eq. (6)

Result and Conclusion

We proposed a new thermodynamic model based on the modified PHSC equation of state by replacing the perturbation term with the form of attractive term developed by Bokis et al.. The proposed model illustrates improved results in representing the attractive contribution when compared with the computer simulation data, while the modified PHSC equation of state cannot explain the density dependence of attractive contribution. Three characteristic parameters obtained from experimental data for pure fluids are directly used to predict phase equilibrium properties of fluids. This model requires only two adjustable model parameters when we extend the equation of state from pure fluids to binary fluid mixtures. It successfully describes the phase equilibria of both pure fluids and fluid mixtures including polymer/solvent system which shows UCST behavior.
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FIGURE 1 Ratio of the repulsive compressibility factor of 4-mer to that of monomer versus the reduced density





FIGURE 2 Ratio of the attractive compressibility factor of 4-mer to that of monomer versus the reduced density





FIGURE 3 Dark circles are experimental data for cis-1-butene reported by Smith and Srivastava. The solid line is from our model.





FIGURE 3 Liquid/liquid equilibria for polystyrene/acetone solution 
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