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Abstract —We measured cloud points of Poly(methylmethacrylate) (PMMA) in various solvents using the
high-pressure variable volume view cell apparatus. The solvents used for dissolving PMMA were
chlorodifluoromethane (HCFC-22), dimethylether (DME), 1,1,1-trifluoroethane (HFC-143a), 1,1-difluoroethane
(HFC-152a) and 1,1,1,2-tetrafluoroethane (HFC-134a), and the effect of CO, concentration on the phase
behavior of PMMA+HCFC-22+CO, system and PMMA+DME+CO; system was observed. PMMAwas
dissolved well in HCFC-22 from about 340 K, 5MPa and in DME from about 300 K, 28MPa.However,
PMMA was not dissolved at all up to 423.15 K, 160MPa in the other fluorine compound such as HFC-143a,
HFC-152a and HFC-134a. PMMA+HCFC-22, PMMA+HCFC-22+CO; and PMMA+DME systems exhibit
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the lower critical solution temperature (LCST) behavior, however, PMMA+DME+CO; system exhibits the
upper critical solution temperature (UCST) behavior. In the CO, mixture, the cloud point pressure of PMMA
was increased dramatically proportional to the amount of CO, added, and from this result, it was known
that CO2 could be used as an antisolvent for fabricating PMMA nano-particles. And the cloud point of
PMMA could be controlled by changing the concentration of COs.

Key words: Poly(methylmethacrylate) (PMMA), Cloud point, Supercritical Antisolvent (SAS), High-

pressure phase equilibria
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Table 1. Physical properties of solvents used in this study [6]

Chemical formula M.W. Tc/K

Pc/MPa Dipole moments

Solvent
Dimethylether (DME) CH;0OCH;
Chlorodifluoromethane (HCFC-22) CHCIF,

Carbon dioxide (COy) CO;

1,1,1-Trifluoroethane (HFC-143a) C,H;F;
1,1-Difluoroethane (HFC-152a) CH4F>
1,1,1,2-Tetrafluoroethane (HFC-134a) C,HLF4

46.06  400.00 5.24 1.3
84.46  369.30 497 1.4
44.01  304.18 7.38 0
84.04  346.04 3.78 2.3
66.05  386.41 4.52 2.3
102.04 374.21 4.06 2.1
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Figure 1. Schematic diagram of the experimental apparatus
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Figure 2. P-T isopleths of cloud points of PMMA
(M.W. =120,000) in HCFC-22.
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Figure 3. P-T isopleths of cloud points of PMMA
(M.W. =350,000) in HCFC-22.
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Figure 4. P-T isopleths of cloud points of PMMA
(M.W. =996,000) in HCFC-22.
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Figure 5. P-T isopleths of cloud points of PMMA
(M.W. =120,000) in DME.
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Figure 6. P-T isopleths of cloud points of PMMA
(M.W. =350,000) in DME.
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Figure 7. P-T isopleths of cloud points of PMMA
(M.W. =996,000) in DME.
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Figure 9. P-T isopleths of cloud points of PMMA
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(CO, wt% is polymer free basis)

HFC-152a, HFC-134a0]9)0H, 0|5
DME¢] &5 WA AZIEA COE 3718t0] COe8l 24 W
sl W& PMMAS] g3lxel mX= JFS *EMES’}D}.
PMMAY: 2428t HCFC-22, DME UjollA] Z £3)5goH,
424> HCFC-22, DME 419} HFC-224+COs &3-21] o]
A BE LCSTY e}ﬂ—fd 1901}, DME + COy &3-g1)
lellX= UCST A5 S HtE COp E31-8vl] UlellA] F &
9] cloud point ¢8> FUT 2EeA H7EE COs el
Hlgste] 343 ZolAe S #EE 4 UL, o2 E
SAS WS o]gste] PMMAS] vA|datE Alxd 49 COe
7h gl ARE S QltkeE RS gRl1E 5 loloh B9t &
] & E-A83FE-Ql HFC-143a, HFC-152a, HFC-134a¢] o
3|4 ¢kl 160 MPa, &% 423.15 K7k PMMA7} 435
A ke Zlow ek

4] % HCFC-22¢%}



1.

% |o

HARR| =
2 A= AR olyA] el Z2AEY AK]] A
2 FYEgen, oo FAFEHU T B, 2 A= A4
i ST Q9o Fasglon oo gAtgivck
EHuEs
McHugh, M. A. and Krukonis, V. J., Supercritical Fluid
Extraction, Principles and Practice, 2nd ed., Butterworth-
Heinemann, Boston, MA, 1994.
. Lim, J. S., Yoon, C. H., Park, J. Y., Lee, Y.-W. and Yoo,

K.-P.,, "Cloud points of Poly (L-lactide) in HCFC-22,
HFC-23, HFC-32, HFC-125, HFC-143a, HFC-152a, HFC-
227ea, Dimethyl Ether (DME), and HCFC-22 + CO, in the
Supercritical State", J. Chem. Eng. Data, 49, 1622-1627
(2004).

Clean Tech., Vol. 13 No. 1, March 2007 33

. Kook, Y., M,, Lee, B. C., Lim, J. S. and Lee, Y.-W.,

"Phase Behavior of Biodegradable Polymers in Dimethyl
Ether and Dimethyl Ether + Carbon Dioxide", J. Chem.
Eng. Data, 46, 1344-1348 (2001).

. Kim, M. Y., Lee, Y.-W.,, Byun, H-S. and Lim, J. S,

"Recrystallization of Poly (L-lactic acid) into Submicrometer
particles in Supercritical Carbon Dioxide", Ind. Eng. Chem.
Res., 45, 3388-3392 (2006)

. Park, J.-Y., Lee, C. H, Yoo, K.-P. and Lim, J. S., "The

Effect of Adding Organic Solvents on the Phase Behavior
in  Water/surfactant/scCO, Microemulsion in Supercritical
State", Key Eng. Mater., 277-279, 886-892 (2005).

. M. O. McLinden, S. A. Klein, E. W. Lemmonand A. P.

Peskin, Thermodynamic Properties of Refrigerants and
Refrigerant Mixtures Database, REFPROP V.6.01, NIST,
1998.



