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otg 2000 ba7H HUE SRS AT AEE Agom ouf &Sl BMA ¥EE 79,162,298 2 40.7 wi%
olglth. Touwle) Bt Z/R) mel & 71&7]elH orel 7lg7]2 WEE= H4L EpiRE. 185 PBMA-
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W Uepgen], BMAS FE/T 550 wi%d o ¥

(LLve] Yerde mgck E3@ PBMA ZEAE €O &% 23437, 1,419 bar LA SeEUTh a7 AR
CO,BMA E5HE tis) 4= BAE 350,750 W (100°Cel Agsiden, ol e 19-158 bar HHAT
CO,BMAA thel FUT shel €O 83=E o7t 27 ma 7ARe HETh COyBMAAS] 49
TH= Peng Robinson} statistical associating fluid theory(SAFT] AreparA 2o mul=asn. 25 £E4 el
= olgalel = Auldd ofs) AN ARG AHAE VL] Ve

Abstract — Phase behavior data for ternary poly(methyl methacrylate)[PBMA}CO;-butyl methacrylate| BMA] are measured in
the temperature range of 36 to 234 9C, to pressure as high as 2,000 bar, and with cosolvent concentrations of 7.9, 16.2, 29.8, and
40.7 wt%. This system changes the pressure-temperature slope of the phase behavior curves from negative to positive as the cosol-
vent concentration increases. The addition of 55.0 wt% BMA to PBMA-CO, shows the change of LLV phase behavior. The
PBMA-pure CO, system dissolves at 243.3 oC gnd 1,419 bar, Pressure-composition isotherms are also shown for the CO,-BMA at
35,0, 75.0, and 105.0 °C and in pressure from 19 to 158 bar. The solubility CQ, for the CO,-BMA system decreases as the tem-
petature increases at constant pressure. The experimental results for the CO,-BMA system are modeled using Peng-Robinson and
statistical associating fluid theory(SAFT) cquation of state with temperature-independent parameters. The experimental data was
compared with the calculated daia by the Peng-Robinson and the SAFT equation of state for the CO,-BMA systemn.

Key words: Phase Bebavior, Poly(butyl methacrylate)-CO,-Butyl Methacrylate System, Cosolvent Effect, CO,-Butyl Metha-

crylate System
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E[11]& poly(methyl methacrylate)} CO,-methyl methacrylate#] ol o3}
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B 7l AME poly(butyl methacrylate) Mw=320,000; Mn=73,500]
¢} butyl methacrylate(99% purityy= Aldrich Chemical CoAlAAM -t
o} if op HA glol ZulE o) AMEE3.29, buty! methacrylate
o} Z3Re 97) 23] 26-di-tert-butyl-4-methyl-phenol(Aldrich Chem. Co.,
99+% purityy2 AR AMESIITE 29A RAR] oldslEkEE Aingas
AH99.8% minimum purity)|A FFetet Tk Ao AL

22 WEEA 3wy
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Model CM-35790, accurate to within: +0.7 bark= 0-690 bar H¥2] A
£ AM5199.0 8, PBMA-CO,-BMAS] 354 4AF &34 484
©]R] (Heise gauge, dresser Industries, Model CM-108952, 0-3,450 bar, accu-
rate to within: 3.5 bary& AHEBISCE Bese] 2E3E-2 PID type
o] 2%=287|(Fuji Electric, Model PYZ 4l 2l5} #iels]glon, gl
F 2xo] 231 EHHE 03t HY e 22542 tRE X4
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Fig. 1. Schematic diagram of the experimental apparatus used in this
study.
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Table 1. Experimental cloud-point data for the PEMA-CO,-BMA system
measure in this study
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T(°C) P(bar)
5.2 wt% PBMA+0.0 wi% BMA
153.2 2021.9
1737 1716.8
1927 1572.3
2127 1484.1
234.3 1419.3
5.1 wi% PBMA+7.9 wt9% BMA
874 19239
98.1 1463.4
115.5 1270.3
136.2 1179.3
1553 1138.0
176.6 11187
5.3 wi% PBMA+16.2 wt% BMA
509 1739.2
57.0 1291.0
65.2 11159
74.2 1029.0
92.0 9559
110.3 923.9
132.2 908.4
151.3 895.3
5.2 wit% PBMA+29.8 wi% BMA
40.0 550.5
50.1 5533
60.6 5654
79.9 591.2
99.3 608.5
1182 629.1
5.1 wt% PBMA+H0.7 wi% BMA
36.0 150.0
43.6 187.2
521 2155
66.0 263.0
86.5 313.0
106.4 3313

PBMA-CO 12 AA%FE &% 153-234°Cs} o9 <F 2000 bar®] =
2 gtgolM a2}, poly(methyl methacrylate}[PMMA]-CO,%]
EHEL2 2w 255°C9 9 2,550 barfolr Rl EA Ggiti(il]. ¢
o PMMAS] M= 933000)%, T 105°CHth 8 M7 340,000
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71£715 7IAlE UCSTE 2] 4A% 248 Bl
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AL 29 71&7]e UCST 248 B3k PBMA-CO,-BMA(7.9 wt%)
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g PBMA-CO,-BMA(162 wi%)Fl e 51-151°C &5} $13 895-1,739¢1
A 284 949t} PBMA-CO,-BMAAIS] BMAZ 298 mi%E A7}
SIRL e % 40-118°CE A oF 590 barZA oA 754 0] 1}
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Fig. 2. Experimental cloud-point curves for the PBMA-CO,-BMA sys-
tem with different BMA concentration. The concentration of PEMA
is 5.040.5 wt% for these data.
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Fig. 3. Impact of 55.0 wt% free BMA monomer{on a polymer-free basis)
on the phase behavior of the PBMA-CO,-BMA system. O, fluid
—liquid+Hiquid transitions; @, fliud—liquid+vapor transitions; I,
liquid-+liquid—liquid,+liquid,+vapor(LLY) transitions; ---, sug-
gested extraction of the LLV line.
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& veRisich B3 &5 F 74°C8 ~95bar ol 54 Z1H-AH F4
o] veltom &5 937} 1182°Ce1A 4F 1173} 136bar®] HA-A-
1A =de] Jepgs o & i) o[#g @42 PBMA-CO,-55.0 wi%
BMAA] vjg] ree Sxiwh polyibutyl acrylate)-CO,-butyl acrylate
AdME L5 mge] F48 Kt

3.2, CO-BMAA2] HHE

QA CO-BMAS o2 dAF AAEE 47] 5] A
£ st CO,-BMAAIL) 712, =3 2 ETE dAIEE
& 23] o) FEke] 107 bar B £04°C HSAM Y ABEAHE 2
Aok ®§ CO,-BMAAIY 28-89 dig 48 eae 1.0%V e
2 Fatg)

CO,BMAAS] AAFE 25 350°C, 750°C 2 1100°CoAH 43
19-158 bard #1714] 4¥El50H, ol 2HE AFEE Table 33} Fig.
4of eI Fig. 40l CO,-BMAAIY 4E-Z24 P-x2A0A =
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Table 2. Experimental cloud-point, bubble-point, and liquid-liquid-vapor
data for the PBMA-CO,-BMA system: measured in this study. BP
is a bubble point, CP is a cloud point, and LLV is a Equid-liquid-

vapor point
T(C) Pressure(bar) Transition
4.9 wi% PBMA+55.0 WT% EMA
39.8 63.2 BP
50.8 78.3 BP
65.9 94.5 BP
739 95.5 BP
78.1 115.5 CcP
94.0 156.2 CP
106.4 1872 CcP
122.0 2227 CP
130.7 2437 cp
143.3 269.6 cr
162.9 301.8 CcpP
180.3 3292 CP
93.0 116.9 LLV
1182 135.8 LIV

(vapor+liquidy7} FF=she T 3o} Feltt. CO,BMAAE 2&7F &
Skl et ERE AT SVHE € & AT GAYE 25
7} Z7lake] meh BMAS £RE% Folee AL2 et BT
olabslekAe] SlAEAIRI(73.8 bar, 31.1°C) 2H 2 350°ColM R Sk
Aoz APARE 9L 3 Ak 7 2xoN EFE PAHE 686
bar(35.0°C), 1231 bar(75.0°C) 2|3 1584 bar(110.0°C)1%% Fg 5
= CO% BMAAS et TEE AP A3& vehisls. A4
oz 78 Ae CO,17,181% BMA[19]2] F71¢telH, iR 7
29 42 Peng-Robinson[17]5 SAFTAE A2l o8] Ak o
A=AL ERIRET =3 dU H(open circles) B2 £ Aol
sl sg= AAPASeH, Fig 45 5914 R vkt 2ol O BMA
o olMZAE A ype 20, 21102 ¥R ujojrt. w2bA
COBMAAE 717 £moll 2% A3LLY)] 2254 A3keH201.

B AT7d e AFAES Peng-Robinson AE A Aol X 83}
595 %9r}. Peng-Robinson B EgAle] ApAlk e EH23)1E
Apa7l wele], 2 AFelay gl S e e &
AMsl=pd o 2t

Bz = Z;"ijau o
ay = (o) (1K) @
by, = ZZ]‘_xjxja,j 3)
by; = [0.5(b,+b,)|{(1-ny) ®

A7 k5t mgs ERE AEAE wSpElels), 4RAE} AUA
o old wEzd FAlL o 2=k 4,5 b= Peng-Robinson
At ale] ojst Melw 248e dpigelrh ol Yy
oles)= FEAAE AR thet A& olr] Bug $HE ol8sET
[20]. Table 4= CO,S- BMAAS] tjgh &ee) eAle=, dAHY,
Zef 7 olAQl A acentric factor)®lTH17-19]. oledsh dAl B4A 4
EE Peng-Robinson “ZEA24]¢] ol&3ktt.

Peng-Robinson e 2114 E5baAg) A 29 @l 23l Co,
o BMAASl tie SHE SEuEe Zhi,% nye 2Fs] HAstod
Table 38) S % ehu]E|S ol gate] 750 °CelA AHldheh AR 9 A E

statzet M38H M4g 20004 83

Table 3. Experimental data for the CO,-BMA system measure in this

study
Butyl methacrylate mole fraction Pressure(bar) Transition
T=35.0°C
0.742 19.0 BP
0.678 234 BP
0.627 26.5 BP
0.587 304 BP
0.520 334 BP
0.450 383 BP
0.381 431 BP
0.331 46.5 BP
0.279 50.7 BP
0.244 531 BP
0.215 555 BP
0.188 576 BP
0.163 59.3 BP
0.095 62.7 BP
0.077 64.1 BP
0,055 65.2 BP
0.045 64.8 EP
0.039 65.8 BP
0.034 66.2 BP
0.029 66.7 BP
0.026 674 BP
002 68.9 BP
0.009 69.6 BP
0.007 68.6 BP
0.005 68.6 CP
0.001 67.9 DP
T=75.0°C
0,775 26.5 BP
0.599 434 BP
0.428 6l.4 BP
0.294 824 BP
Q212 97.7 BP
0.159 107.9 BP
0.124 114.1 BP
0.112 115.8 BP
0.092 112.2 BP
0.064 1229 BP
0.046 123.1 CP
0.038 121.0 DP
0.022 115.1 DP
0.008 102.0 DP
T=110.0°C
(.861 19.7 BP
0.787 310 BP
0.663 403 BP
0.428 835 BP
0.326 103.9 BP
0.239 117.9 BP
0.166 142.7 BP
0.108 157.5 BP
0.092 1584 Cp
0.069 156.3 DP

A2 Nz wEsl 71 olgule FHE AdE o e He 7
dmlg|a AAeant. o] AdiME Lxd F9E £ g EHE 2T
Al AAsIT Wk Co, BMAZ 2] 75.0°CAM £YE vt
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Fig, 4. Experimental results for the CO,-BMA system obtained in this
work at 35.0, 75.0 and 110.0 °C,
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Fig. 5. Pressure-temperature diagram for the CO,-BMA system. The solid
line and the solid circles represent the vapor-liquid lines and the
critical point for CO,[17, 18] and BMA[19]. The open circles are
mixture-critical points determined froin isotherms measured in
this study. The dashed lines represent calculations obtained using
Peng-Robinson equation of state with k; equal to 0.000 and n;
equal to —0.015, and SAFT equation of state, with A; equal to
=0.250 and §; equal to 0.130.

Tabie 4. Pure component parameters CO, and BMA used with the Peng-
Robinson equation of state[17-19]

Component TAC) P (bar) Acentric factor
Co, 310 738 0.225
Butyl methactylate 342.8 26.1 0.4655

PlEf 2] HAZE k=00002 n,=-00152 FFHUL CO,BMAAS]
& spehole] 3 k=0.0009 n,=—00155 o188k -4 (Px)
AAL] F-E 750°Ce)d] PR 2% 35.0°CS 1100°CHAAME 253
o HAR|g} A E ¥EE dHE Fg 6l eSS =3 CO,-
BMAAIe] EFE sEoig] ke ol&sled WA ARE Fig 5
FHe vepligich A EE IASAL 9HEHR ypeld 2O
of, EFE YAHY dgA) e Ak F2 YA E BT,

3 AHAZS statistical associating fluid theory(SAFT) AFElHk42)
= #aste] wdlyslgr), SAFT Aelbd 4] e) g e Ba[24,
2512 Fwskd gk, o71A s EgyEy 7k

gole] Haviee] Bad g £ 75

1 1
0. X M. ve o1 50
Vo= Zi jxlxjmlmjvlj E‘i-, V"j = g{vf +V-,? } (S)

200 T T T T ]
10 ]
® 35
150 FLUID e
S A 110

2 |
\l\\ :

0.0 — 0‘.2 I I OE.4 — 0%6 ‘ 0.8 1.0
BUTYL METHACRYLATE MOLE FRACTION
Fig. 6. Comparison of experimental data(symbols) for the CO,-BMA sys-
tem with calculations(solid lines) obtained with the Peng-Robinson
equation of state with k; equal to 0.000 and 1; equal to —0.015.

PRESSURE (bar}
=
=

50

LIQUID + LIQUID

Table 5. Pure component parameters CO, and BMA used with the SAFT
equation of state[24, 26]

Component UKD vo(mL/mol) m
Co, 216.1 13.578 1417
Butyl methactylate 202.0 9.845 7.544

xi= AE i B gl ARET] oY iAo ek B3
#e 4 (Gl

= loZiZj X:'ijimj[kﬂ%}vf} 9, w; = {uijujj)l/l(l - A-sj) (6}
v

u

kT
o714, A F 2L A% EHEY sajeeltt, A=, EE
O8 I MIHE 372 59 FHL & (N Ueit

1
m =3 ¥ xxm, & om, = i(mﬁ m;)(1-8;) )]

A (6 (7 COBMAAY) EjHES] et 4k 6,8 Tl o
=) ol5g Ags] 2dsld dyRge] YR|AA, SAFT 2]l
2 @t (70l oJEiH EREEUE EEE sl A8 58 AAst
edof g}, BlelelelE 2R e 52 Peng-Robinson A ala) 7+
£ Wgo|d}. Table 5% CO,% BMAS) g 4% 2P el (v, m,
w2411tk BMAS] =4 oejRs 273 Lom S(26100 i) A2t
& A SUakd Sich ol BMA2 Z7)tw gEAEE 2319
o Sl A& o &35 SAFT Aef4el] % FERHE e
Ao AR} AH o8 U HHANE MR B|=E 74 7 olE
2 mje] Fde ddsi EEseine HFgres A%sigon, 1
e A=-02509F 8701300141k, T THenE] e 25 750 °CelM
HEFS A2k v RE] F& YAE Bol= g d=lEig
Z HElEE olgsled 350°C B 1100°C LEdAE Aego T
A2k 4L Fig, 7ol JERIRITH Fig. 7904 B ble} 2] Az}
HER Y At F& & 4 god, EEE AEAE HIiEE 4EE)
F o= ZAs] SAFT AeiE el g AR COBMAAL] A
AT B2 URE ¢ Esld 25 = sEiny ghe olialod
THE JAIHEE Fig 5ol veRzlent PEx)s) ARale) BEg o
AlgrEel 2ot 2 & glow] AP type-12] FE|[20]0]Th

4.4 B8

29HEloA] PBMA-CO,BMA E3-E¢)| djs] £ 234°Ce; ¢
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Fig. 7. Comparison of experimental data(symbols} for the C0O,-BMA sy-

stem with calculations(solid lines) obtained with the SAFT equa-
tion of state with ); equal to —0.250 and 8; equal to 0.130.
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