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2 A1e 294 892l CO, o, 2y, R, =2y, 174, ﬂﬂ]‘%‘ﬂ]ﬂ]e gl CHCIFW ¢l 4] poly(propyl acrylate)
%} poly(propyl methacrylatef-< 32 21 4 AFS S48t 2Y4A 2= poly(propyl acrylate)2 poly(propyl
methacrylate}}e] 445 =4 Wel= &% 23-186°Ce} %E_,ﬂ ,400 barlA] A&t Yeldlet. poly(propyl acrylate)-CO
EFE-S 9F 2,070 barelH] A4, poly(propyl acrylate}] 25 A= 1,400 bare]slllA], poly(propyl acrylate}: 241+ 1,880
bar o138}l 4], poly(propyl acrylate}:=Z &A= 450 bare]s}oll 4], poly(propyl acrylate}i-&-Al= 2,200 bag| skl 4], poly
(propy! acrylate)-¥7-&l7l= 250 baro[slellA1, poly(propyl acrylate Ml Eellgl 2A1= 150 barolslellx] 2} g3l=%]0.m,

]Uﬂ 2E=H 9= 23-175°Co] %At} poly(propyl methacrylate)-COZ3HE-2 2,900 bard &%= 240°CollM = 354 &%

t}. poly(propyl methacrylate=2 4= <F 2,390 bar]3lellAl, poly(propyl methacrylatef-g-4lel s~ 2,100 bae] sk
9|41, poly(propyl methacrylate}=2Z @l Aol tslj A= 570 barelstellA] poly(propyl methacrylate)-¥-%l4= 310 barolé}
oA, poly(propyl methacrylate)-CHCJA|4l] t&llA= 300 bare|3lellA, 2215 poly(propyl methacrylatel = g ol 6l = A) |
thehrl= 170 bare]slellA 2zt sE o, ol 2X=H $1i= 40-186°C Aol At} Egk oA+ poly(propy! acrylate) CcQ
¢ poly(propyl acrylatepl -l delel2A¢] 4A%F Atold] tMdoa=g ¥z AHgslel 5, 155 50 wi% H71ste] -
2] ATE APAGARE A4 SdAEN2E FY7EA] ERSIT

Abstract — High pressure phase behavior data for poly(propyl acrylate) and poly(propyl methacrylate) with supercyjtiei-CO
ylene, propane, butane, propylene, 1-butene, dimethyl ether, and OhEE&measured in the temperature range froiC23
to 186°C and at pressures up to 2,400 bar. The cloud point were obtained at dissolved pressure below 2,070, 1,400, 1,880, 450,
2,200, 250, and 150 bar for poly(propyl acrylate) in supercritica), @dylene, propane, propylene, butane, 1-buthen, and
dimethyl ether, respectively. The temperature range is 23€L75he poly(propyl methacrylate) does not dissolve in, &0
temperature of 248C and pressure 2,900 bar. The poly(propyl methacrylate)-propane, poly(propyl methacrylate)-butane,
poly(propyl methacrylate)-propylene, poly(propyl methacrylate)-1-butene, and poly(propyl methacrylate)-Giitms
were dissolved at the pressures less than 2,390 bar, below 2,100 bar, below 570 bar, below 310 bar, below 300 bar, and below
170 bar, respectively. The temperature range shows from 40 f€186e phase behavior of between binary poly(propyl acry-
late)-CQ, and poly(propy! acrylate)-dimethyl ether system were measured from upper critical solution temperature region to
lower critical solution temperature region with added dimethyl ether concentrations of 5, 15 and 50 wt%.
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Fig. 1. The experimental apparatus used in this study.
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Table 1. Physical properties of the solvents used in this study:!! Critical temperature, T, critical pressure, P, critical density, p,, polarizability, a,

dipole moment,y, and quadrupole moment, Q

Solvents T°C) P(bar) pc(glcn?) a(cm®-109) u(D) Q(erd’em®?x1(79) Proton(acceptor/donor)

Co, 31.0 73.8 0.468 26.5 0.0 -4.3 -

Ethylene 9.2 50.4 0.266 42.3 0.0 15 -

Propane 96.7 42.5 0.217 62.9 0.08 1.2 -

Propylene 91.9 46.2 0.233 62.6 0.37 25 Weak acceptor

Butane 152.1 38.0 0.228 814 0.0 - -

1-Butene 146.4 39.7 0.234 824 0.34 2.5 Weak acceptor

DME 126.8 53.0 0.258 52.2 13 - Strong acceptor

CHCIF, 96.2 49.7 0.525 44.4 1.48 - Strong acceptor
DME: Dimethyl ether, CHCIE Chlorodifloromethane
CO= AFA BRIES 7 iz vhd ASARWES 7k 7 )X Ae Ao 2 2=y HdA = oF 200 bar’d =21 poly(propy!
Urh H@ TR o)F 4 gol AFARNES AT JOr, = acrylate)zeRAA L o BA Yektos, Sujel Zeddz 15
2gd7 1598 A9 HRd g JHAE A, dHEolH =9 ° 72 oFsiA W] (weak acceptaR) Fo] Oo.BE, o] AMFAL
CHCIF= ¥l whgdo] Am2 2 b AU lek ol2led AR welEsh Aaauess 79 22 g /e i 2ae 84
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Fig. 2. Phase behavior of binary system for poly(propyl acrylate) in supe
critical carbon dioxide, ethylene, propane, propylene, butane,
butene, and dimethyl ether.
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Table 2. Experimental cloud-point data for the poly(propyl acrylate)- I FA 25 AARN T FA4-2 e on 9ELe oF 400-600 bar
solvents system measured in this study Alo]g] zpolE FoL S8k Th 28] 2 poly(propyl methacrylate-&F
T (°C) P (bar) A7} poly(propyl methacrylate}e 2 A B} 1] UiA| Ve o s, 71 o]
5.1 wt% PPA+94.9 wit% CO fre A7 Table ®] Ve E2]slelxQl A o3 A=5A1md
88.7 2070.7 Eol R (ZEH: 62.9,5-8: 81.4p Ajold] <& VeRd Aol
ggi i?gi: AlEHT}. Poly(propyl methacrylater=2 @419} poly(propyl methacrylate)-1-

971 1656.9 FHA= o] ¢ 250 bartA-g Tl %7t frAgkel mat ket
101'0 1556:;‘4 Fxow Z718ke <& = 9t} Poly(propyl methacrylate:= 2 A =
1105 14745 2= 40-136°C Pl 43 oF 525 bat2x] 2} poly(propyl methacrylate)-

130.5 1332.3 1FdA= 2% 40-160°C B AANA 48 oF 275 baizx oA A5
1508 12638 Mol Uekstor], o $4) 5% s Asden FEIES v

=
175.3 12155 ok guiel YRSk BAAE MR Blwe A3k 4= e glol
5.0 W% PPA+95.0 wt%o £, 2 PAAE e e Vel & 5 Ark

110.2 1401.0
1302 12852 Poly(propyl methacrylate)-CHCJA| &] 4% 3412 60-165°C H<]
149.4 1232.] oA gl 300 barll A F-H BAS] FAadhs & ¢ JoH, ole B
1715 1183.1 A EHWEVF 148 D & 3hg /A oz vre gEo] YA
4.8 wit% PPA+95.2 wt% Propane A& Yeh St T3t poly(propyl methacrylate)-CHCIA = &%=}
923 1881.0 zhatel wet grelo] Zatom sl s LEgd F4g BT
100.7 ﬁgéal Poly(propyl methacrylatg) tiWeB)22] E3HE-2 L7} 134°Col|A
ﬁg:; 1010.3 80°CZ 7HAglol| wh} ¢FEo] 170 bal A 37 bal Z&ston, o
1297 877.2 A= SHAAEN 2% F4-5 P
149.8 701.7
170.0 625.5 3-3. Poly(propyl acrylate)-CO-CIHIEIOIE|2H 2| M7{&
4.8 wt% PPA+95.2 wt% Propylene Fig. 49} Table 4= 294 4131 CO, ¥ U EE)= Yol poly
316 gg;é (propyl acrylate)] the o1& = AJEA L] ZAE A= F44E
?82 378:3 7] 98] 2372 859k Poly(propyl acrylate)-C@5 wt.% Tlu]
912 371.1 gollgl2A 9] +EHS &% 60-154°CH oI o] AX5] kst
111.2 374.1 = AR SLE F44-E VeIt o]+ poly(propyl acrylate)-
131.4 384.5 CO,0] &3+E9 Bldlpoly(propyl acrylate)-C@5wt.% T W &8 27
150.8 394.8 o] AAE gFEo] v UERGOH, 2% 100°CS 7|Zo2 Ry ¢
5.2 wt% PPA+94.8 wt% Butane 200 bafl = S LN}, Poly(propyl acrylate)-Ce¥| &332 4
g?:i iggg:g ) 15wt T A 2S H7He A3 he] 1,000 barl sk @]
08.7 1587.9 8] ol on, 25 40-150°CH AN o] AT stAEdLT
100.9 1331.4 A%-g JeRi2ITh Poly(propyl acrylate)-CE50 wt.% Tl H EollH) 24
104.6 1072.8 E 2% 40-145°C9} 948 150-430 bard oA 723 o] vielt
112.1 857.9 on], 7t A TE P HA3] srolATt. Poly(propyl acrylate)-
131.4 567.2 CO50 Wt TlF| B 2A)9] JAF-L SA gl e F4e 1
o oA s o o] A4 Tl =g SO AF GEel B 2
22.7 251.4
318 207.9 2,500 —r——+—p
40.1 172.8 " [ sOLVENT I PPMA |
55.3 131.0 [ |~ Propane \ -
706 132.8 0 e e T LU ]
90.3 139.0 5 - [~ 1-Butene E\]
110.7 155.2 £1,500 [ | A CHCIF, | ]
123.0 172.8 g - | DpME O ]
150.2 187.9 21,000 - : 1
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Fig. 3. Phase behavior of binary system for poly(propyl methacrylatt
Ko, o] AR FdALA2E F4-5 YeER AT Poly(propy! in supercritical propane, propylene, butane, 1-butene, chlorod
methacrylate}= 2342} poly(propyl methacrylate-&HAI S vlw.st 2 floromethane(CHCIF,) and dimethy! ether.

ststEst M40# Mes 20024 128
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Table 3. Experimental cloud-point data for the poly(propyl methacrylate)-
solvents system measured in this study.

T (°C) P (bar)
4.8 wt% PPMA+95.2 wt% Propane
95.0 2390.0
100.1 1783.8
108.3 1436.9
120.1 1134.8
139.7 900.0
160.8 739.0
186.1 625.9
4.9 wt% PPMA+95.1 wt% Propylene
39.1 573.10
55.4 517.59
70.9 485.86
91.1 470.35
112.1 463.79
136.0 465.17
5.1 wt% PPMA+94.9 wt% Butane
88.6 2108.6
89.6 1763.8
92.8 1341.0
96.0 1125.9
100.6 929.3
104.8 794.8
112.2 667.2
131.3 481.0
150.6 412.4
5.0 wt% PPMA+95.0 wt% 1-Butene
42.0 313.8
60.3 273.2
81.2 211.7
100.0 208.6
1214 2134
140.3 2245
158.5 237.9
4.8 wt% PPMA+95.2 wt% CHCIF
60.6 54.1
79.5 104.5
100.7 157.6
120.0 209.3
141.2 255.5
163.9 308.6
5.0 wt% PPMA+95.0 wt% DME
80.3 36.6
92.2 63.5
112.6 117.9
133.9 170.0

3+ Poly(propyl acrylaté} Poly(propyl methacrylatd) #3+ 4715 707

2,500 [ —_
I |DME (wt.%) co
2000 |- | % 3 =k
R htl FLUID ]
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TEMPERATURE / °C

Fig. 4. Effect of dimethyl ether as a cosolvent for 5 wt% poly(propyl acry
late) in supercritical CO,,.

Table 4. Experimental cloud-point data for the poly(propyl acrylate)-CO-
dimethyl ether (DME) system measured in this study

T(°C) P(bar)
5.3 wt% PPA+5.0 wt% DME
61.2 1567.2
71.8 1479.3
829 1443.1
95.3 1329.3
112.3 1239.0
131.9 1224.3
154.0 1186.2
5.1 wt% PPA+15.0 wt% DME
404 756.9
56.1 776.6
72.0 799.3
91.0 823.1
108.7 847.6
1315 879.0
151.9 898.3
5.1 wt% PPA+50.0 wt% DME
40.2 152.4
60.9 224.1
79.6 272.8
101.6 331.7
120.9 381.7
1449 430.0

22 2,390 bav|stoll A YEFET}. Poly(propyl acrylatef== %3} poly

E s, el delg s S
o] sl gl o] & Suj=A] HEgA| Z}Tm—-q (free volumejt
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3-4. Poly(propyl acrylateRl Poly(propyl methacrylate)e| E&H=0
st #7{&
Fig. 5= YA &7l ZzhljelA poly(propyl acrylat€} poly(propyl

methacrylated}2] 345 A38-& A2 v w3t T}, Poly(proyl acrylate)-

ZRF EGES oF 90-170°CH A o2 oF 1,880 bare]Ftel|A]
velstoem, poly(propyl methacrylatel 294 186°Co|8toll A, ¢F

(propyl methacrylate}: 2#A) 9] AA%-2 A2 ¥ e A7 2= oF
120°Ce)41 F 100 baid = 20| & R.+=H), poly(propyl acrylate}z =
AL A @A velET 2 oolfe T LEAEE S A (poly
(propy! acrylate): Mw=140,000, poly(propyl methacrylate): Mw=250200)
HAE zpolw YA, £ BF mE FAAALS /A2 9L} poly
(propyl acrylateyedo] f & FAYAE /A 7] Wil Aoz
AbETH18)].

Fig. 62 =4 Z= -‘L_‘r $o xzydg % poly(propyl acrylate)
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Fig. 5. Comparison of phase behavior for binary 5wt% poly(propyl acry-
late)-propane and 5wt% poly(propyl methacrylate)-propane systems.
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Fig. 6. Comparison of phase behavior for binary system of poly(propyl
acrylate) in supercritical propane and propylene.
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