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a b s t r a c t

New sets of data are provided to characterize the phase equilibrium of new mixtures

containing fluorochemicals and show their potential in energy recovery applications, as

industrial heat pumps. Isothermal VapoureLiquid Equilibrium data have been measured

for R245fa þ isopentane, and R365mfc þ isopentane systems. Measurements were per-

formed for four isotherms with pressure from 0.4 to 2.9 MPa. The data are correlated using

different models (PengeRobinson, PC-SAFT, polar PC-SAFT and SAFT-VR equations of

state) and all four approaches can accurately describe the VLE. A very good description of

the VLE for the pure components and the mixtures can be obtained by representing the

R245fa and R365mfc molecules either as non-polar associating compounds or as non-

associating dipolar molecules. To confirm the experimental values of the dipoles used in

polar PC-SAFT, we performed DFT calculations of the permanent dipoles of the molecules

and a good agreement with the experimental values is found for R245fa, while two

different values corresponding to two different conformations were found for R365mfc.
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Données sur l’équilibre liquide-vapeur des systèmes binaires
utilisant des substances pentafluorés entre 363 et 413 K :
mesures et modélisation à l’aide d’équations d’état
Peng-Robinson et trois équations d’état de type SAFT
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1. Introduction

Fluorochemicals have attracted great interest from industry

because they possess remarkable properties which make

them suitable for applications in a number of different areas.

They are used as refrigerants, industrial heat pumps, fire

extinguishing agents, dielectric media, solvents, and foam

blowing agents, to name just a few applications. Thermody-

namic properties are then required to design the production

process of fluorochemicals or to develop models which can be

used in heat pump/refrigeration, air conditioning etc.... The

objective of this communication is to provide new sets of data

to characterize phase equilibrium of two binary systems

(R245fa þ isopentane and R365mfc þ isopentane). To the best

of our knowledge, the only experimental data available in the

literature corresponds to R245fa þ isopentane system and it is

reported by Lund et al. (1997). The particularity of these

studied systems is the presence of an azeotrope. The new data

have been described with the PengeRobinson equation of

state combined with the HuroneVidal mixing rule (Huron and

Vidal, 1979) and the NRTL activity coefficient model (Renon

and Prausnitz, 1968) are chosen. The other models are three

SAFT-like equations of state: SAFT-VR (Gil-Villegas et al., 1997;

Galindo et al., 1998b), PC-SAFT (Nguyen Huynh et al., 2008a,b;

Gross and Sadowski, 2001, 2002) and a polar version of PC-

SAFT (Nguyen Huynh et al., 2008a,b). The authors want to

highlight that the utilisation of SAFT-like equations are not

easy and particularly at low temperatures were many pitfalls

may appear. These pitfalls are well described in the papers of

Polishuk (2011) and Privat et al. (2012, 2010).

This article is organized as follows. A presentation of the

experimental setup used to investigate vapoureliquid equi-

librium (VLE) of binary mixtures followed by the data treat-

ment, results and discussion.

2. Experimental

2.1. Materials

R365mfc [C4H5F5, CAS number: 406-58-6, 1.1.1.3.3 penta-

fluobutane]; R245fa [C3H3F5, CAS number: 460-73-1, 1.1.1.3.3

pentafluopropane]and isopentane (later called iC5) [C5H12,CAS

number: 78-78-4, 2-methylbutane] were supplied by Arkema

with a certified volume purity greater than 98% (Table 1).

Chemicals were used without any further purification, as GC

analysis of the chemicals did not indicate any significant

impurities.

The apparatus that was used in themeasurements is based

on the “static-analytic” method and has been previously

described by El Ahmar et al. (2011). Internal cell pressures are

measured using two pressure transducers: (Druck, Type PTX

611, Range: (0e6) MPa) and (Druck, Type PTX 611, Range:

(0e1) MPa). A dead weight pressure balance (Desgranges &

Huot 5202S) is used for the pressure transducer calibration

with the following uncertainties �0.2 kPa and �0.4 kPa for the

low and high pressure range transducers, respectively.

Temperature measurement was done via two platinum

resistance thermometers probes (Pt-100 U) which are situated

within each flange. The temperature probes were calibrated

against a standard probe (25 U, TINSLEY) which was certified

by the ‘Laboratoire National d’Essai’. Uncertainties in the

temperature measurement are estimated to be within �0.04 K

for both probes.

A gas chromatograph (Perichom, Model: PR-2100) equipped

with a thermal conductivity detector (TCD) was used to

analyse the equilibrium phase compositions. The column

used in the gas chromatograph was supplied by Resteck,

France (5% Krytox/Carboblack B 60/80 mesh). Calibration of

the detector was done by repeated injection of known

amounts of each pure component into the injector of the gas

chromatograph using a syringe. The estimated errors in the

equilibriumphase composition are less than 0.012 for both the

vapour and liquid mole phase.

For each equilibrium condition, at least five samples of

both the vapour and liquid phases are withdrawn using the

ROLSI� samplers (Mines Paristech, France) and analysed in

order to check for repeatability of measurements.

3. Modelling

We have selected three different models to correlate the

experimental data. A 4e4 approach considering bubble point

pressure is considered. The first one is directly based on

a cubic equation of state: the Peng Robinson equation of State

(PR EoS) (Peng and Robinson, 1976) incorporating the

MathiaseCopeman alpha function (ElAhmar et al., 2011), with

the HuroneVidal mixing rule (Huron and Vidal, 1979)

involving the NRTL activity coefficient model (Renon and

Prausnitz, 1968) is selected. The PR-HV-NRTL model contains

three binary interaction parameters (a, s12, s21) adjustable to
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