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# A oAE variable volume view cello] F2kg FHE AX)E ARg-at} 115k Aefo] Tkt & ol
A 32721 Poly(methylmethacrylate) (PMMA)S] 723 (cloud point)Z £33t} ojuf AMEE &=
chlorodifluoromethane (HCFC-22), dimethylether (DME), 1,1,1-trifluoroethane (HFC-143a),
1,1-difluoroethane (HFC-152a), 1,1,1,2-tetrafluoroethane (HFC-134a) ©].2H, o5 £wo] CO.5 #
7kt HCFC-22+C028 DME+CO, 2] ol dEA E-gujolA CO.9 24 H3l7t PMMAZL] 4375 miA]
© 9FE Avugitt. 43 F3 PMMAE HCFC-229014% 340K, 5MPa F%2] 7H @ 25 ¥ 24
A FE & L35 2™ DMEAME 300K, 28MPa F 9] vlwd W& 2% 48 HolA & §3=3e
w2 ke 2431389 HFG-143a, HFC-152a, HFC-134ac)4:= 423.15K, 160MPa] & 25 2 49
NS AF g3i7t dojupx] Ysith Hd, PMMA+HCFC-22 £3E] CO.2 #7}t PMMA+
HCFC-22+4+CO:A|8] 79+= LCST (lower critical solution temperature)?] 4A%& K321 PMMA+
DME Z3-E-9]] COE #7135t PMMA+DME+CO:A12] 739+ UCST (upper critical solution temperature)
9} %S BTk CO2 T8 WellA doud point 482 AT LEoM Hrkels COY o vlest
o] FH3] FolAE AL B = Q915 ¢o|EXE] PMMAE SAS (supercritical antisolvent) Hell 2Jal
PlAYAs} & 739 COp7F DMES} HCFC-229] izt A8ul2 AME < Qloks A 18 4= Y3ich. &3¢
CO:9l FEE WU 2EHN PMMASY doud pointE AFEA 2HE + vk A& ¢ + A3k

FAlol . EvdreladeolE, T8, YAy, 1 EEd

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+C0O; 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 CO; 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 CO..

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

pressure phase equilibria
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58 W fAolth 294 FAllE UEE o
Z871A e 7R S el A RE AA2) o) sl 1
T A7 A& o2 WAl ¢ Q7] ] fA12 B
EY(R3E, entrainer &3H7} AGEAH (A, S, 94
=Rt o} §ulist U #4) cdustering JHIE 2ET 4
UKL A= 20A el ol2d Uwstel o #2129
ALE st 555 JAS WA D). &4 99 5
E(local density)= d#UE(bulk density) Bt} FH Ev} =
£ FY FALE 9A o F-2olA s wsksitn
dA Utk dutd oz gujo) gaEe S Yol WA
S BAE 2 Q7] Wil AA| 9} n|SE UEE 2= 24
FAE HA Lols} v AR Ay DAE Sl 5HE
ZA Aok 284 294 S8 SolE ALgshd A4 Sl
AREE W FAZE He B2 el osia doliul= wetting
Al 22 A% Doy ok 5 o] 7] AH e 7AA g9
[2]. 2AAFA FollA F5doln] AHe 7HH%g ohvjet W
& GA EEE T Qe YA oSS o] &3 A7
7} 71 &3] o] Foix| 1 gl AT o)A guts] Ay
3 Qe Fok F syt 9kE 59 viA QIAE AZshe T
Aotk o] FAL ATV FUF LS wEE 7)1EEH
AMEEok, ook AF, nEAt, FUgs A ol AREEE
;AN V& F2) R 7]EL AR Tl vla] A &)
7 AL Q1 E AR e Fa R 2] B Fol
A SPEE, B QeREe] niAgl, oFER Y AIAR(DDS, drug
delivery system)5-7} Zh- #o}o]| Fo] §-8o] 7t 7]&0]
i3] U Axrize] dimael 8202 RESS(rapid

expansion of supercritical solution)¥} SAS (supercritical
antisolvent )Zo] ¢J+=d| RESS EAL Uz ters
sk §4& 29A AA) S F UG w2 Bt

T35 BAATIE HFNA £40] SallEE A SEHE
g o] 835t Zlo|H, SAS FA2 HAE AxT §40] 24
Al g EE7t ¢ g Aol 828 AT &)
o =<l & ggr(antisolvent)d) ZQAFAH 2} E55l0] )
9] gHEE FA43] AsAA &4 T FAS HEATIE 4
gg olgst FAoItH4]. F 3 BEF FEAE 87 He
Zol g49] guljo] theh &% dlolE|t}. 828 RESS 33
olL} SAS FAgell A &% ARG ThsdE Yohry] Hs
A gA-grl, B £4-80-29A4 FA19] S8l ATt 3
F2otH5].

B o] oAl RESS U} SASS} 72+ WA B &
43t dolHE AlFeh| Al AtER dUdEAolY copolymer
AUz oA, AR &% ToE de AREHI e
Poly(methylmethacrylate) (PMMA) 9] £3| =& &7 3l9ich
2112 = chlorodifluoromethane (HCFC-22), dimethyl ether
(DME), 1,1,1-trifluoroethane (HFC-143a), 1,1-difluoroethane
(HFC-152a), 1,1,1,2-tetrafluoroethane (HFC-134a)$} ol
go]] COE H7Fet HCFG-22+CO28 DME+CO7} AR
HYtt L% 4L variable volume view cell-& o]&35}0]
cloud point =8 Ao F S Git}

2.4 &

2-1. M=z H A

PMMA= AldrichAte] AlE-& 513810 ARE3ISItE PMMA
o] Bx}EF (120,000, 350,000, 996,000)2 FF oA A2 st

o2 3§ HAAE (intrinsic viscosity) ZH-E| Aol HA4E

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;0CH;
Chlorodifluoromethane (HCFC-22) CHCIF,

Carbon dioxide (CO») CcO,

1,1,1-Trifluoroethane (HFC-143a) CH;F;
1,1-Difluoroethane (HFC-152a) CH4F,
1,1,1,2-Tetrafluoroethane (HFC-134a) CoHoF4

46.06  400.00 5.24 1.3
8446 36930 497 14
4401  304.18 7.38 0
84.04  346.04 3.78 2.3
66.05 38641 4.52 2.3
102.04 374.21 4.06 2.1
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Aot} Ago] ARgE §9iE Aldrich Chem. Co.2) A&
45 99.99 %2 DME, HoF 715 AEQ &5 99.99%2]
COs, Z18]31 Du-pontAl #AFEQ 5 99.99 %3] HCFC-22,
HFC-143a, HFC-152a, HFC-134a7} AMEEIQIE) 0] &)
52 B=ZAEHE (dipole moment)7} I3 FAJo)] 74k B2
2 FAo] A% niAe] i3l 4dd] B2 g8ES 7L 3l
& ZoE e, 71&9 {718l g2l EAo] ¢ 2k

350tk o7 7B gojje] B4 Table 19 53193t}

-2 il EHEHX|
S s A7) AsiA AR ¥ A= Figure 1 9
vehoich B X A (static method)E AMHESH= 2
2R SEHY 296.15-423.15 K7k#], =9 0.1-200
MPa7}x] Z70| 753t} HEAZ = variable volume view
cellg ARgsIgloH, A v AXES A A9 H9E
AEA 2EFoEA 4EE 2 5 QxS Yk
AR F3= ok 2HA17)(High-Pressure Equipment
Co., 376-30 modeh)E ©]83o] A Fo] X HAES

NENYOTH i T F7HE] oA Ao YL A

2o A A GBS B A9 YRE ko B
#13} cold light source (Olympus Co.)E ©] 8314 cell Y4
2 ZEE HE ¥, borescope (Olympus Co. model
R080-044-000-50)2} RUE|e] AAE CCD 7Hdg} (Watec
Co., model WAT-202B)E o]&3lo] Aoj| By Alujolo] 3}
< Bot] BEE. 83 Ao dE-S $J5he] ulolE (viton)
A2 O-ring& AHEEIITE A el 5ol Q= PMMASH
Ay 742 £9E& Y2 vl 1v|€ bl (magnetic bar)E
g s FoEM EREY, NS EE R wiE B =

1. Water for pressuring 2. Pressure generator 3. Pressure gauge
4. Piston 5. Sapphire window. 6. Magnetic bar 7. Stirrer 8.
Air bath 9. Variable-volume cell 10. Light source 11. Borescope
12. Camera 13. Monitor 14. Temperature gauge 15. Heater
16. Heater controller

Figure 1. Schematic diagram of the experimental apparatus
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AAA(OMEGA Co.)ell QA vehdeh ele d=%s
Tk AT AKRISS)o) el RAgsIon +0.1 K o] &
g5 AU ok A iy 4 g4l (SENSOTEC
Model THE/1108-04 TJG)ell oJsil S35 1, tAd AAA
of o&) Jelitt A= +0.1 MPa (1A &4 7Hs 99
0.05 %) °luel EIF=E Az gick

2-3. 83z EEH

E 9T variable volume view cell & o] &3] AA35E &
Tolx] vdaka) 24k 999zte] A4 A (phase boundary)Q!
coud point® = Aoz AEuhe ohgd Atk WA
variable volume view cellol] Alg}o]o] A2 X% T PMMA
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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 8. P-T isopleths of cloud points of PMMA
(M.W.=120,000) in HCFC-22+CO; mixture.
(CO; wt% is polymer free basis)
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Figure 9. P-T isopleths of cloud points of PMMA
(M.W, =120,000) in DME + CO; mixture.
(CO; wt% is polymer free basis)
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