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Abstract—Pressure-composition isotherm is obtained for the carbon dioxide+2,2,3,3,3-pentafluoropropyl methacrylate
(PFPMA) using static apparatus with a variable volume view cell at temperature range from 40 °C to 120 °C and pressure
up to 130 bar. This system exhibits type-I phase behavior with a continuous mixture-critical curve. The experimental
result for carbon dioxide+PFPMA mixture was modeled using the Peng-Robinson (P-R) and multi-fluid nonrandom
lattice fluid (MF-NLF) equation of state. Experimental cloud-point data of pressure up 470 bar and temperature to 182 °C
were reported for the binary mixture of poly(2,2,3,3,3-pentafluoropropyl methacrylate) [Poly(PFPMA)] in supercriti-
cal carbon dioxide and dimethyl ether (DME). The Poly(PFPMA)+carbon dioxide and Poly(PFPMA)+DME systems

showed LCST behavior.

Key words: High Pressure Phase Behavior, Carbon Dioxide, Dimethyl Ether, Poly(2,2,3,3,3-Pentafluoropropyl Methacry-
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INTRODUCTION

Perfluoroalkyl methacrylate monomer and polymer have a low
refractive index, low surface tension, chemical resistance, and high
transparency. These monomers and polymers have been industri-
ally used as clad material for optical fibers, high-sensitive resistant
for microlithography, moisture-proof coating agents, antifouling
property, oil and water repellant agents, etc. due to specific nature
of fluorine atoms contained in the molecules or as a starting com-
pound for surfactants [1,2].

Recently, a perfluoroalkyl methacrylate polymer was synthesized
via suspension polymerization in water. DeSimone et al. reported
the free radical polymerization of a perfluoroalkyl methacrylate poly-
mer in supercritical carbon dioxide [3]. Carbon dioxide has quadru-
pole moment, no dipole moment, and low dielectric constant. It is a
good solvent for such nonpolar molecules as methane and ethane.

The phase behavior of polymers and monomers in the supercriti-
cal fluids is very important in most polymerization processes, poly-
mer production, processing technologies, material development,
and industrial application [4-6]. Also, high-pressure phase equilibrium
data for binary or ternary mixtures containing supercritical carbon
dioxide will be needed to design and operate processing plants [7,8].

The phase behavior experimental data for the heptadecafluoro-
decyl methacrylate in supercritical carbon dioxide was reported at
temperature of 50 °C to 80 °C and pressure up to 140 bar by Bae et
al. [9]. The solubility of poly(tetrafluoroethylene-co-19 mol% hexaflu-
oropropylene) in supercritical carbon dioxide and halogenated super-
critical solvents were reported at temperature from (118 to 250) °C
and pressure up to 2,700 bar performed by Mertdogan et al. [10].
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Also, cloud-point phase behavior of fluoropolymer mixtures with
supercritical fluid solvents was measured at pressure and tempera-
ture up to 2,500 bar and 260 °C by Byun and Yoo [11]. Recently,
the phase behavior of poly(heptadecafluorodecyl methacrylate) in
supercritical carbon dioxide was studied at temperature from (30 to
92) °C and pressure up to 260 bar by Shin et al. [12].

The objective of this work is to obtain experimental data of the
high pressure, phase behavior information for the systems of car-
bon dioxide+2,2,3,3,3-pentafluoropropyl methacrylate (PFPMA)
and poly(2,2,3,3,3-pentafluoropropyl methacrylate) [Poly(PFPMA)]
+carbon dioxide and Poly(PFPMA)+dimethyl ether (DME) mix-
tures. The experimental data of pressure-composition isotherms are
presented for the carbon dioxide+PFPMA system. The pressure-
temperature trace of the mixture-critical points is presented in the
vicinity of pure DME between the critical point of pure DME and
that of PFPMA. The other objective is to compare the calculated
result by the Peng-Robinson equation of state (P-R EOS) [13] and
multi-fluid nonrandom lattice fluid (MF-NLF) [14,15] equation with
the experimental result for carbon dioxide+PFPMA system.

EXPERIMENTAL SECTION

1. Materials

Carbon dioxide (99.8% minimum purity) was obtained from Dae-
sung Industrial Co., and dimethyl ether (99.5% purity) obtained from
Yeochun NCC Co. and used as received. PEFPMA (>97% purity,
CAS RN 45115-53-5, C;H,F;0,/H,C=C(CH;)CO,CH,CF,CF;) was
obtained from Alfa Aesar Co. and used without further purifica-
tion. It contained MEHQ as an inhibitor to prevent polymerization.
The concentration of MEHQ was 100 ppm of PFPMA monomers.

PFPMA was used and purified by distillation under atmospheric
pressure. Tetrahydrofuran [THF] (min. 99.9% purity with HPLC
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grade; J. T. Baker; CAS RN 109-99-9, M, =72.11, (CH,),0) and
a, o-Azobis(isobutronitrile) [AIBN] (98% purity; Junsei Chemical
Co; CAS RN 78-67-1, M, =164.21, (CH;),C(CN)N : N(CN)C(CH;),)
were used without further purification. Poly(PFPMA) [M,=5,500,
M,/M,=1.95, CAS RN 95243-53-1] was purchased from Aldrich
Co. and used as received.

2. Sample Preparation

Poly(PFPMA) was synthesized by solution polymerization using
AIBN as the initiator and THF as the solvent. The preparation pro-
cedure was as follows. PFPMA (2.0 g, 9.17 mmol) and AIBN (0.05,
0.1, 0.2, or 0.5 wt%, monomer weight bases) were dissolved in THF
(30 ml), respectively. Dissolved oxygen was removed from the solu-
tions by purging with dry nitrogen for 10 min. Polymerization was
carried out at 65 °C for 48 hr. After concentration by evaporation
of the solvent under reduced pressure, the resulting polymer was
isolated by precipitation into methanol. All resultant polymers were
dried in vacuum oven at 30 °C. The chemical structures of PFPMA
and Poly(PFPMA) are shown in Fig, 1.

3. Determination of M, and T,

Molecular weight of polymer was obtained by gel permeation
chromatography (GPC) system (Waters M77251, M510, USA).
The mobile phase was HPLC grade THF. Polymer solutions were
0.2 w~% in THF and were syringe-filtered through a 0.2 um Teflon
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Fig. 1. Chemical structure of 2,2,3,3,3-pentafluoropropyl methacry-
late (PFPMA) and poly(2,2,3,3,3-pentafluoropropyl meth-

acrylate) [Poly(PFPMA)].
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Fig. 2. Glass transition temperature with weight-average molecu-
lar weight [M,,=62,000, 45,000, 43,000 and 29,500] for the
poly(2,2,3,3,3-pentafluoropropyl methacrylate).
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Table 1. Effect of molecular weight and «, -azobis(isobutroni-
trile) [AIBN] concentration by solution polymerization
of 2,2,3,3,3-pentafluoropropyl methacrylate

AIBN (wt%) M, M,/M, Appearance
0.05 62,000 1.13 White powder
0.10 45,000 1.35 White powder
0.20 43,000 1.36 White powder
0.50 29,500 1.78 White powder

Aldrich Co. 5,500 1.95

* M, Number-average molecular weight
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Fig. 3. Weight-average molecular weight (M,)) and polydispersity
index (PDI, M,/M,) with initiator content (AIBN=0.05 wt%,
0.10 wt%, 0.20 wt% and 0.50 wt%) by solution polymer-
ization of poly(2,2,3,3,3-pentafluoropropyl methacrylate).

membrane filter, One milliliter of the filtered solution was injected
into the chromatograph. The flow rate of the eluent was 1.0 ml/min.
From calibration curves of the injected polystyrene standard sam-
ples, the number-average molecular weight (Mn) and molecular
weight distribution (MWD) of the synthesized polymers were deter-
mined. Signals from the samples were detected with differences in
the refractive index. Also, samples of the Poly(PFPMA) were ana-
lyzed by using a differential scanning calorimeter (DSC, DSC-50,
Shimadzu, Kyoto, Japan) to determine the glass transition tempera-
tures (T,). (Fig. 2) The samples (5 mg) were placed in hermetically
sealed aluminum pans and determined from 30 to 200 °C at a heating
rate 5 °C/min under helium. An empty pan was used as reference.
Therefore, analysis for the weight-average molecular weight and
appearance of AIBN concentration by solution polymerization of
PFPMA are shown Table 1 and Fig. 3.
4, Experimental Apparatus and Method

Fig. 4 shows a schematic diagram of a variable-volume view cell
apparatus to obtain phase behavior data at experimental high pres-
sure [16,17]. The main components of experimental apparatus are
variable-volume view cell, high-pressure generator, air bath, and
borescope apparatus. This view cell is constructed with high nickel-
content austenitic steel (6.2 cm 0.D.x1.59 ¢m LD., 28 cm’® working
volume, fitted with a 1.3 cm thickx1.9 cm O.D. sapphire window)
capable of operating to pressures of 2,000 bar. Typically, PFPMA
monomer is loaded into the cell to within 0.002 grams using a syringe
after the empty cell is purged several times with carbon dioxide and
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Fig. 4. Experimental apparatus of high-pressure phase behavior.

nitrogen to remove traces of air and organic matter. Carbon dioxide
was added to the cell to within 0.002 gram using a high pressure
cylinder.

The cloud-point data of Poly(PFPMA) in supercritical carbon
dioxide and DME were obtained by the following procedures and
measured for the polymer solution at a fixed polymer concentra-
tion of about 3.0 gram (about 0.3 wt%). At first, Poly(PFPMA) was
loaded into the cell, and the cell was purged carefully with inert gas
and carbon dioxide. Carbon dioxide was added to the cell from a
high-pressure cylinder. After the carbon dioxide+Poly(PFPMA) mix-
ture was finished, the solution was compressed to the desired oper-
ating pressure by replacing a piston fitted within the cell by using
water pressed with a high pressure generator (HIP Co., model 37-
5.75-60). The pressure of the mixture is measured with a Heise gauge
(Dresser Ind., polymer+solvents mixture: model CM-108952, 0 to
3,450 bar, accurate to within £3.5 bar; carbon dioxide+monomer
mixture: model CM-53920, 0 to 340 bar, accurate to within +0.2
bar) and high pressure generator. A magnetic bar in the cell helped
the mixture to reach equilibrium rapidly.

A small correction (0.5 bar) was added to account for the pres-
sure required to move the piston. The uncertainty in pressure meas-
urements was 0.7 bar. The temperature of the cell was measured
with a platinum-resistance thermometer (Thermometrics Corp., Class
A) accuracy of (£0.05 °C) fixed to the inside of the cell port and
displayed by a digital multimeter (Yokogawa, model 7563, accu-
rate to £0.005%). The temperature of the cell was maintained to
within 0.1 °C and measured to within +0.2 °C. Once the solution
reached single phase, pressure was slowly decreased until the cloud
point appeared. At the cloud point the solution becomes so opaque
that the stirring bar is no longer visible. This procedure was repeated
several times until the fluctuation of transition pressure was minimized
to within 0.3 bar. The status of the inside was projected onto the
monitor (Fujilink, model HT-1900WT) with a camera (Watec Corp.,
model WAT-202B) coupled to a boroscope (Olympus Corp., model
R100-038-000-50). Light is transmitted into the cell with a fiber
optic cable connected at one end to a high-density illuminator (Olym-
pus Optical Co., model ILK-5) and at the other end to a bore- scope.

RESULTS AND DISCUSSION

1. Phase Equilibrium for the Carbon Dioxide+PFPMA Mixture
Phase behavior data for the CO,+PFPMA system is measured
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Fig. 5. Comparison of experimental data (symbol) for the carbon
dioxide+2,2,3,3,3-pentafluoropropyl methacrylate system
with calculated result (solid lines) obtained using the Peng-
Robinson equation of state with k; and 77; equal to 0.0.

and reproduced at least twice to within +0.2 bar and +0.2 °C for a
given loading of the cell. The mole fractions are accurate to within
+0.002. The carbon dioxide+PFPMA mole fraction for the solubil-
ity isotherms at (40~120) °C have an estimated accumulated error of
less than +1.0%.

Fig. 5 and Table 2 show the experimental pressure-composition
(P—x) isotherms for carbon dioxide+PFPMA system at (40, 60,
80, 100 and 120) °C, and the range of pressures of 30~129.7 bar.

Table 2. Experimental data for carbon dioxide+2,2,3,3,3-pentaflu-
oropropyl methacrylate [PFPMA] system. BP is a bub-
ble point, CP is a critical point and DP is a dew point

PFPMA mole fraction P/bar Transition
T=40°C
0.097 80.0 BP
0.143 72.2 BP
0.182 67.6 BP
0.255 61.4 BP
0.298 559 BP
0.330 524 BP
0.401 49.0 BP
0.508 414 BP
0.575 343 BP
0.634 30.0 BP
0.255 61.4 BP
T=60°C
0.097 105.2 BP
0.143 96.4 BP
0.182 87.9 BP
0.255 78.8 BP
0.298 70.0 BP
0.330 653 BP
0.401 58.7 BP
0.508 49.0 BP
0.575 40.3 BP
0.634 344 BP
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Table 2. Continued

PFPMA mole fraction P/bar Transition
T=80°C
0.097 118.5 BP
0.143 117.8 BP
0.182 107.8 BP
0.255 94.8 BP
0.298 83.1 BP
0.330 78.6 BP
0.401 71.7 BP
0.508 57.2 BP
0.575 46.2 BP
0.634 39.0 BP
T=100°C
0.097 128.3 CP
0.143 125.2 BP
0.182 125.5 BP
0.255 112.1 BP
0.298 100.7 BP
0.330 92.2 BP
0.401 81.2 BP
0.508 64.8 BP
0.575 52.6 BP
0.634 42.8 BP
T=120°C
0.097 128.6 DP
0.143 129.7 CP
0.182 128.6 BP
0.255 127.8 BP
0.298 114.5 BP
0.330 106.2 BP
0.401 89.3 BP
0.508 72.2 BP
0.575 58.8 BP
0.634 47.8 BP

The P—x isotherms shown in Fig. 5 are consistent with those ex-
pected for a type-I system [ 18] where a maximum occurs in the crit-
ical mixture curve. The solubility of carbon dioxide in the liquid
phase decreases as temperatures shift higher under constant pres-
sure.

Experimental results obtained in this study were correlated with
the P-R EOS and MF-NLF equation. First, experimental data were
modeled with P-R EOS by using mixing rule including two binary
interaction parameters:
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Table 3. The properties of pure components used with Peng-Rob-
inson and multi-fluid nonrandom lattice fluid equation

of state
Component M, T.°C P/bar [0}
Carbon dioxide 4401 31.0 738 0.225
2,2,3,3,3-Pentafluoropropyl  218.12 287.5 244 0.561
methacrylate

where k; and 7; are binary interaction parameters that are deter-
mined by fitting P—x isotherms curves and a; and b; are pure com-
ponent parameters as defined by Peng and Robinson [13]. These
two binary interaction parameters were determined by regressing
experimental data with P-R EOS. Objection function [19] (OF) of
this calculation was defined by,
N 2
OF = Z ep— Pcal) ®)
1 ep
P,, and P, are the experimental and calculated pressures, respec-
tively. We optimized the objective function for all isotherms with
the Marquardt algorithm [19]. The property of pure component for
critical constants (T., P,) and acentric factor for P-R EOS are listed
in Table 3.

Critical temperature (T,) and pressure (P.) of PFPMA were es-
timated by using Joback method. [20] Then, boiling temperature
(T,) data of PFPMA from Joback group contribution were used [20].
Acentric factor (@) was estimated with the Lee-Kesler method [20].

Fig. 5 represents the comparison of experimental data (symbol)
and calculated P—x isotherms (solid line) at temperature of (40, 60,
80, 100 and 120) °C. We obtained k;=0.0 and 77;=0.0 for the carbon
dioxide+PFPMA system. As a result, good agreement is obtained
without changing two interaction parameters.

Also, Yoo et al. [14,15] reported on a equation of state based on
the two-liquid approximation of lattice-hole theory. The phase be-
havior experimental data in this work are modeled using the MF-
NLF equation of state. [14,15] The detailed MF-NLF equation of
state is not reproduced here. The process to determine the two molec-
ular parameters for the MF-NLF equation of state is briefly described
here. The two molecular parameters in the equation of state for pure
component, that is, V," and &, are determined from the following
two equations:

/k=EAE(T=T)+E]T In (TyT)+T-T,] ©6)
and
Vi=V,AV,(T=T)+V,[T In (Ty/T)+T-T,] )

where, T,;=25°C. T is the desired temperature of interest, E, E,, E.
and V,,V,, V, are fitted parameters. The liquid density and vapor
pressure of PFPMA were obtained from Yamada & Gunn’s method
[20] and Antoine method [20], respectively. Table 3 lists the physi-
cal properties of carbon dioxide and PFPMA used in this work. The
property of PFPMA was calculated by Joback group contribution
method. [20] Thus, for pure fluids, two molecular parameters, V;
and &, are determined using the calculated vapor pressure and liquid
density data. The estimated coefficients for Eq. (6) and Eq. (7) are
presented in Table 4 for PFPMA. For binary mixture, a temperature-
independent binary interaction energy parameter, 4,,, is needed and
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Table 4. Coefficient of energy and volume parameter for carbon dioxide and 2,2,3,3,3-pentafluoropropyl methacrylate

Component E, E. V, Vv, V.

Carbon dioxide 85.91302 —0.10298 -0.36562 34.28608 0.01428 -0.01304
2,2,3,3,3-Pentafluoropropyl methacrylate 28.75381 0.01423 10.83160 -212.1083 -0.26026 76.24109
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Fig. 6. Comparison of experimental data (symbol) for the carbon
dioxide+2,2,3,3,3-pentafluoropropyl methacrylate system
with calculated result (solid lines) obtained using the MF-
NLF equation of state with 1, equal to 0.082.

is defined by

&=(6180)"(1- A1) ®

The optimum values (4,,) are obtained for binary systems. We present
here a calculated result of phase equilibrium of mixtures using the
MEF-NLF equation of state. Therefore, the optimum binary interac-
tion energy parameter, A,,, for the carbon dioxide+PFPMA system
is determined from a fit of a single isotherm at 80 °C. Optimum values
of A,, for the carbon dioxide + PFPMA system is 0.082.

Fig. 6 shows the experimental and calculated high-pressure phase
behavior of a carbon dioxide+tPFPMA system at various isotherms
with calculations using as optimized value of 4, equal to 0.082 ob-
tained from a fit of the 80 °C isotherm. The fit between experimen-
tal data and calculated results shows a good agreement on the whole
range of PFPMA concentrations. The critical pressures predicted
by MF-NLF equation of state are also in reasonable agreement at
all five temperatures. The MF-NLF model reasonable predicts the
transition pressures; however, the fit is satisfactory with one tem-
perature-independent parameter.

2. Phase Behavior for the Poly(PFPMA)+Carbon Dioxide or
DME System

Cloud points are measured and reproduced at least twice to within
+2.8 bar and +£0.2 °C. Cloud point transitions for the carbon dioxide
+PPFPMA mixture are measured and reproduced at least twice to
within £0.2 bar and +0.2 °C.

Fig. 7 shows the pressure-temperature behavior of weight-aver-
age molecular weight (Mw) for about 3.0 wt% Poly(PFPMA) [M, =
62,000, 45,000, 43,000, and 5,500 (Aldrich Product)]+carbon diox-
ide mixture. The cloud point behavior of the Poly(PFPMA)+carbon
dioxide system shows typical lower critical solution temperature
(LCST) curves. The phase behavior for Poly(PFPMA )+carbon di-
oxide system shows almost the same tendency with four pressure

Temperature/°C

Fig. 7. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl meth-
acrylate) [Poly(PFPMA)] [M,=62,000, 43,000, 29,500 and
5,500]+carbon dioxide mixture. The mass fraction of poly-
mer is about 3 wt% for each solution.
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Fig. 8. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl meth-
acrylate) [Poly(PFPMA)| [M,,=43,000]+carbon dioxide mix-
ture. The mass fraction of polymer is about 3 wt% for each
solution.

curves at a temperature range of 60- 180 °C. The pressure differ-
ence of this phase behavior is probably due to M,, and glass transi-
tion temperature (T,).

Fig. 8 shows the cloud point behavior for the binary mixture of
carbon dioxide with Poly(PFPMA) content [3.0 wt%, 6.5 wt% and
11.7 wt%] for the Poly(PFPMA) [M,=43,000]. The cloud point
curve for the Poly(PFPMA y+carbon dioxide mixture exhibits LCST-
type behavior with positive slope at a pressure range of 240-470
bar and at a temperature range of 61-181 °C.

Fig. 9 shows the cloud point curves on the weight-average molec-
ular weight (M, =62,000, 43,000 and 5,500) for ca. 3.0 wt% Poly
(PFPMA)+DME mixture. DME has a dipole moment and polariz-
ability. Therefore, DME is expected to be a better solvent than car-

Korean J. Chem. Eng.(Vol. 29, No. 3)
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Fig. 9. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl
methacrylate) [Poly(PFPMA)] [M,,=62,000, 43,000, 29,500
and 5,500]+dimethyl ether (DME) mixture. The mass frac-
tion of polymer is about 3 wt% for each solution.
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Fig. 10. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl
methacrylate) [Poly(PFPMA)] [M,=62,000]+dimethyl ether
(DME) mixture. The mass fraction of polymer is about 3
wt% for each solution.

bon dioxide for Poly(PFPMA). The pressure-temperature curves
in Fig, 9 are indeed at much lower pressures than those for Poly
(PFPMA) in carbon dioxide. As shown in Fig. 9, phase behavior
curves exhibit the LCST type a positive slope at temperatures below
about 180 °C.

Fig. 10 represents the phase behavior with Poly(PFPMA) con-
tent [2.9 wt%, 4.9 wt% and 6.9 wt%] for the Poly(PFPMA) [M, =
62,000]+DME mixture. The cloud-point behavior of this system
shows the LCST behavior with positive slope at a temperature range
of 121-180 °C. Also, the pressure behavior decreases as the temper-
ature decreases. A fluid phase (single) region exists at pressures and
temperatures to the left of the LCST line, while a liquid+liquid region
exists at pressures and temperatures to the right of the LCST line.
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Fig. 11. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl
methacrylate) [Poly(PFPMA)] [M,,=62,000] in supercriti-
cal carbon dioxide and dimethyl ether (DME). The mass
fraction of polymer is about 3 wt% for each solution.
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Fig. 12. Phase behavior for the poly(2,2,3,3,3-pentafluoropropyl
methacrylate) [Poly(PFPMA)] [M,=5,500] in supercriti-
cal carbon dioxide and dimethyl ether (DME). The mass
fraction of polymer is about 3 wt% for each solution.

3. Comparison of Phase Behavior for Poly(PFPMA)+Solvents
Mixture

Binary cloud-point curves are obtained for Poly(PFPMA) in su-
percritical carbon dioxide and DME. These data show the effect of
solvent polarity on the location of the cloud-point curves. Table 5
lists the critical temperature, critical pressure, critical density, polar-
izability, dipole moment, and quadrupole moment for the solvents
used in this study [20-22]. DME has a significant dipole moment
that provides an opportunity to compare the impact of dipole inter-
actions with quadrupole interactions found with carbon dioxide.

Fig. 11 represents cloud point curves of Poly(PFPMA) [M, =
62,000] synthesized in supercritical carbon dioxide and DME. The

Table 5. Critical temperatures (T,), critical pressures (P,), critical densities (o), polarizabilities (<), dipole moments (), and quadru-
pole moments (Q) of the solvents used in this study [20-22]

Solvents T. (°C) P, (bar) p. (g/cm’) ax10% (cm’) 1 (Debye) Qx 10 (erg"cm’)
Carbon dioxide 31.0 73.8 0.469 26.5 0.0 —4.3
Dimethyl ether 126.8 53.0 0.258 52.2 1.3 1.2
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cloud point behavior for Poly(PFPMA)+carbon dioxide and Poly
(PFPMA)+DME systems exhibits LCST-type curves with a posi-
tive slope. The pressure difference between two systems is proba-
bly due to whether or not the dipole moment was in DME and car-
bon dioxide as shown in Table 5.

Fig. 12 shows the phase behavior for Poly(PFPMA) [M,,=5,500:
Aldrich Co.] in supercritical carbon dioxide and DME. The phase
behavior for Poly(PFPMA )+carbon dioxide and Poly(PFPMA)+
DME systems represents LCST-type with a positive slope at tem-
perature from 80 °C to 182 °C and at pressure range of 40-380 bar.
Poly(PFPMA y+carbon dioxide curve is higher than Poly(PFPMA )+
DME curve because carbon dioxide does not have a dipole moment,
but has a quadrupole moment that is a result of the strong elec-
tronegative character of oxygen relative to carbon.

CONCLUSIONS

We measured cloud-point and bubble-point pressures for the car-
bon dioxide (or DME)+Poly(PFPMA) system and the carbon di-
oxide+PFPMA system by using a variable-volume view cell. For
the carbon dioxide+PFPMA mixture, the experimental results are
correlated with P-R EOS and MF-NLF equation.

For the binary system of Poly(PFPMA )+carbon dioxide, typical
LCST behavior was observed between (62,000 and 5,500) with
weight-average molecular weight of Poly(PFPMA). Also, phase
behavior for the Poly(PFPMA) [M,=43,000]+carbon dioxide mix-
ture shows LCST behavior with positive slope between (3.0 and
11.7) wt% Poly(PFPMA). For the binary system of Poly(PFPMA)
+DME, as the Poly(PFPMA) [M,=62,000, 43,000, and 5,500] molec-
ular weight increased, cloud point pressure dramatically decreased
and LCST behavior was observed at over 120 °C.
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