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Thermodynamic properties of HCFC-142b and applications to polymer processing

New experimental data concerning the thermodynamic behaviour of l-chloro-1,1difluoroethane (HCFC-142b) are presented and compared to published data. These results are correlated by simple equations of state like the Peng-Robinson. HCFC-142b has been used for fractionation of poly(ethyleneoxide) (PEO). For supercritical fluid processing, it was found to be quite efficient in obtaining a polymer with a very narrow molecular distribution. PEO fractionation has been reported at 423 K in the pressure range 8 -35 MPa.

Introduction

The refrigerant 1-chloro-1,1-difluoroethane (HCFC-142b) is considered as an environ mentally safe refrigerant. It has a low ozone depletion potential (0.06) and low halocarbon global warming potential (0.41). It is slightly inflammable, has low toxicity, and is chemically inert to alJ the usual metals, plastic materials, and elastomers employed in industry. It is the main intermediate compound in the making of poly vinylidene fluoride (PVDF). It has also been used in aerosol propellers of perfumes and shaving foams, as a plastic foam-blowing agent (polyethylene and polystyrene foams), and in industrial air conditioning. Due to its great stability in supercritical conditions, it was also considered as a potential solvent in supercritical extraction.

Many studies have recently been carried out in processes employing supercritical fluids (SCF) as solvents in the chemical, pharmaceutical, and food industries [START_REF] Paulaitis | [END_REF]. SCF have specific properties: in particular, they are characterised by smalJ viscosity and large density. By small changes in pressure or temperature, it is possible to modify the density and consequently the solubility of the solute. Specifically, the use of SCF in pol ym er processes has been reported by [START_REF] Krukonis | [END_REF] for many applications, including, for example, polymerisation, antisolvent precipitation, absorption of gases in polymers, and particle formation. An important application of SCF is the fractionation of pol ym ers into narrow fractions from a broad molecular weight distribution. [START_REF] Ph | III International Symposium on Supercritical Fluid[END_REF] first used HCFC-142b for fractionation of polystyrene.

In the first part we present new thermodynamic data for HCFC-142b which have been fitted by the Peng-Robinson equation of state. In the second part we present results concerning the fractionation of poly(ethyleneoxide) (PEO) by supercritical HCFC-142b.

2 Experimental HCFC-142b (98% purity) was provided by Dehon (I) service. Its critical temperature and critical pressure were 410 K and 4.25 MPa, respectively. Pressure, volume, and temperature (p, V, T) measurements were performed in a high-pressure high-temperature optical cell.

The apparatus used for SCF fractionation up to 35 MPa and 673 K was essentially composed of a pump and a mass exchanger. The solvent was pressurised, in Iiquid state, with a high-pressure pump up to the required pressure, then it was passed through a heat exchanger to bring the fluid to the desired temperature. The flow rate was adjusted by a micrometring valve located at the exit of the apparatus.

The mass exchanger was a column of 0.8 cm diameter and 20 cm length. It was filled with a glass packed bed of diameter 0.2 cm. A glass pool plug was placed at the inlet, and the outlet of the column was charged with 1 g of polymer. When the apparatus was at the required temperature, the fluid was loaded by means of the pump and passed through the mass exchanger. For each experimental run, the solubilised polymer was precipitated by expansion of fluid. It was analysed by steric exclusion chromatography (SEC).

Results and discussion

The p, V, T measurements are presented in figure 1. The results obtained in this study are the same as those previously published by Maezawa et al (1991) or Sousa et al (1992) up to 18 MPa and 376 K. We have also analysed the results of Ta kahashi et al (1987) up to 5 MPa and 773 K. In table 1, for the 423 K isotherm, we have reported the experimental pressure and density values of Takahashi et al and those of this work. The values have been correlated by means of the Peng-Robinson equation of state. The a and b parameters, found by the Newton method with 15 iterations (e = 10 -18, where e is the convergence criterion) and correlation factor 10- 16 , are respectively 1.4038 J m 3 mo1-2 and 0.00006900 m 3 mol-1 • HCFC-142b has been used for fractionation and purification of linear PEO. For each measure, the maximum value of solubilised molecular weight, or 'eut-off mass' M c , is shown in figure 2. A!,, was determined from SEC chromatograms when the detected signal, for the higher molecular mass, was higher than the experimental noise. This figure shows that M c increased with density, as was observed by [START_REF] Meilchen | II International Symposium on Supercritical Fluid[END_REF]. Starting from an initial polydispersity, I = 2.5, of parent polymer, the average value of the polydispersity was 1.05 for our experimental conditions, obtained with a pressure variation of 4 MPa. ,,,,, 

Conclusion

This work demonstrates that this method allows us to obtain a very narrow poly dispersity from a broad molecular weight distribution with the possibility to choose the desired value of molecular weight and value of polydispersity. Starting from the properties of HCFC-142b, it is possible to optimise these results for polymer processing applications.

Figure 1 .

 1 Figure 1. Phase diagram of HCFC-142b: ---Takahashi et al (1987); -this work. Lines are labelled with p /kg m -i.

Figure 2 .

 2 Figure 2. Cut-off mass, M" as a function of pressure, p, for poly(ethyleneoxide)/HCFC-142b at 423 K.

Table 1 .

 1 HCFC-142b properties at 423 K: experimental values of pressure, p, and molar volume, V.

	p/MPa	V/m 3 mol-1	p/MPa	V/m 3 mol-1	p/MPa	V/m 3 mol-1
	0.1019	0.034207	3.0170	0.000814	4.888	0.000238
	0.1025	0.033987	3.2770	0.000715	4.942	0.000225
	0.3961	0.008539	3.4780	0.000646	5.011	0.000209
	0.6898	0.004759	3.6910	0.000580	5.049	0.000203
	0.9209	0.003480	3.9090	0.000514	5.092	0.000197
	1.1760	0.002650	4.0910	0.000465	8.00*	0.000134
	1.4240	0.002130	4.272	0.000416	10.00*	0.000129
	1.6650	0.001777	4.383	0.000386	15.00 *	0.000121
	1.9210	0.001497	4.507	0.000351	20.00*	0.000113
	2.170		4.677	0.000301	25.00*	0.000109
	2.4540	0.001093	4.746	0.000281	30.00*	0.000105
	2.7310	0.000944	4.834	0.000254	35.00*	0.000102

* this work; other values are from

Takahashi et al (1987)

.