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High-Pressure Phase Behavior for Pentyl Acrylate and Pentyl Methacrylate in
Supercritical Carbon Dioxide

Hun-Soo Byun* and Ha-Yeon Lee

Department of Chemical System Engineering, Chonnam National University, Yeosu, Jeonnam 550-749, South Korea

High-pressure phase behavior is obtained for @pentyl acrylate systems at (313.15, 333.15, 353.15, 373.15,

and 393.15) K and pressures up to 16.8 MPa and fos €Qentyl methacrylate systems at (313.15, 333.15,
353.15, 373.15, and 393.15) K and pressures up to 17.4 MPa. The solubility of monomers forthepeatyl

acrylate and C@+ pentyl methacrylate systems increase as the temperature increases at constant pressure. The
CO, + pentyl acrylate and CO+ pentyl methacrylate systems exhibit type-1 phase behavior. The experimental
results for CQ + pentyl acrylate and C£+ pentyl methacrylate systems were correlated with the P&uadpinson

equation of state using a van der Waals one-fluid mixing rule including two adjustable parameters. A good fit of
the data was obtained with the Perfgobinson equation for CO pentyl acrylate and COt pentyl methacrylate
systems. Critical constant®¢ T, andw) were predicted with the Joback method and the-ti€esler method.

Introduction Pressure Temperature Tgmperature
Gauge Indicator ‘ontroller

Knowledge of phase equilibrium data in binary mixtures
containing supercritical fluids is required for practical use such  water
as in the chemical separation process, related industrial applica-
tion, and the polymerization process. The chemical separation
processes based on supercritical fluid phase behavior are
supported by abundant theoretical background and experimental
datal For phase behavior experiments, we have recently reported
on the the bubble point, dew point, and critical point behavior ~8
of binary (meth)acrylate mixtures in supercritical carbon ppessure [
dioxide2~* To design a supercritical carbon dioxigkemonomer Generator
mixture for separation processes, one must first characterize the
phase behavior of the monomer in the supercritical carbon
dioxide. Figure 1. High-pressure experimental apparatus used in this study.

Acrylate and methacrylate are widely used in modern plastics

technology. The (meth)acrylate and polymers are used mainly POlymer, phase behavior experimental data fop €Gnonomer
mixtures are necessaty.

for a variety of applications such as prostheses, contact lenses, aE : ) .
photopolymer printing plates, adhesives, and codting. The objective of this work was to obtain experimental data
The phase behavior experimental data for the ethykene of the high-pressure phase behavior information for the system
pentyl acrylate system were reported by Lindner and Euft. Of. CQ, + pentyl a_crylate and CO+ per_lt_yl methacrylate
McHugh et af’ studied the phase behavior of butyl acrylate in mixtures. The experimental pressti@mposition isotherms are
supercritical carbon dioxide at (318.15 and 348.15) K and presented for the CO+ pentyl acrylate and CO+ pentyl
pressure up to~10.0 MPa. The phase behavior of butyl methacrylate system3he pressuretemperature trace of the
methacrylate and ethyl methacrylate in supercritical carbon mixture critical points i§_presepted in the vicinity of pure £0
dioxide was also studied by Byun and McHUgRecently, Byun not only between the critical pomt.o.f pure @@nd that of pentyl
and Leé reported phase behavior experimental data for the acrylate but also between the cr|t|c_al point of md that of
pentyl methacrylate. The other objective of this work was to

carbon dioxidet decyl acrylate and carbon dioxide decyl . X .
methacrylate systems at (313.15 to 393.15) K and pressure upcompare the PengRobinson equation of state (PR-EGS)ith

to 18.9 MPa using a static phase equilibria apparatus. Also, thethe phase behavior of the @& pentyl acrylate and CO+

phase behavior for the carbon dioxide hexyl acrylate and pentyl methacrylate systems.

carbon dioxidet hexyl methacrylate systems were reported by

Byun et all® at (313.15 to 393.15) K. _ _
However, phase behavior of the €® monomer system was Apparatus and Procedurerigure 1 shows the experimental

very important in determining the initial polymerization condi- 2Pparatus used in this work. Phase behavior data were obtained

tion because particle formation and particle size distribution of USing variable-volume cell at high pressure. The cell has a 1.59

polymer are directly affected. Also, for monomer extraction from €M i-d., a7.0 cm o.d., and a working volume-e28 cn?. This
apparatus has been described in detail elsewféfd=or the

* Corresponding author. Tek-82-61-659-3296. Fax+82-61-653-3659. ~ COz + pentyl acrylate and CO+ pentyl methacrylate mixtures
E-mail: hsbyun@chonnam.ac.kr. studied, the empty cell is purged several times with,@@d

Camera

Magnetic
Stirrer

Light
Source

% Air Bath

Motor

Experimental Section

10.1021/je060122s CCC: $33.50 © 2006 American Chemical Society
Published on Web 06/16/2006



Journal of Chemical and Engineering Data, Vol. 51, No. 4, 200837

20 e B LA Table 1. Experimental Data for the Carbon Dioxide (1)+ Pentyl
CO, + Pentyl Acrylate ] Acetate (2) Systerd
| X2 P/IMPa transition X2 P/IMPa transition
] T=313.15K
0.770 2.27 BP 0.338 5.70 BP
1 0.621 343 BP 0.272 6.26 BP
. 0.605 3.53 BP 0.220 6.79 BP
1 0.506 4.39 BP 0.184 6.93 BP
0.432 5.00 BP 0.152 7.18 BP
E 0.395 5.24 BP 0.109 7.38 BP
7 0.373 5.35 BP 0.086 7.53 BP
LIQUID + VAPOR T=33315K
0.770 2.91 BP 0.338 7.58 BP
0 ————t—— —— — 0.621 4.45 BP 0.272 8.52 BP
0 02 04 06 08 ! 0.605 4.67 BP 0.220 9.09 BP
2 0.506 5.65 BP 0.184 9.54 BP
Figure 2. Comparison of the experimental data (symbols) for the QP 0.432 6.57 BP 0.152 9.96 BP
+ pentyl acrylate (2) system with calculations (solid lines) obtained using  0.395 6.99 BP 0.109 10.37 BP
the Peng-Robinson equation of state with equal to 0.0293 angi; equal 0.373 7.14 BP 0.086 10.55 BP
to —0.0448: O, 313.15 K;[, 333.15 K; 4, 353.15 K;®, 373.15 K; M, T=353.15K
393.15 K. 0.770 3.56 BP 0.338 9.55 BP
0.621 5.41 BP 0.272 10.79 BP
N, to remove traces of organic substance or air; the pentyl 0.605 5.61 BP 0.220 11.35 BP
acrylate and pentyl methacrylate are loaded using a syringe 0.506 7.06 BP 0.184 12.09 BP
.y . . 0.432 8.07 BP 0.152 12.59 BP
(aCCUrate to withint 0.002 g), and C@|S condensed using a 0.395 8.72 BP 0.109 13.25 BP
high-pressure bomb (accurate to withir0.004 g). The solution 0.373 8.96 BP 0.086 13.34 CP
in the cell is compressed to the desired operating pressure by T=373.15K
displacing the movable piston using water pressurized by a high- 0.770 4.00 BP 0.338 11.20 BP
pressure generator (HIP, model 37-5.75-60). The pressure is 0.621 6.27 BP 0.272 12.93 BP
; ; 0.605 6.47 BP 0.220 13.83 BP
measured using a Heise pressure gauge (Dresser Ind., model
CM-130163, 6-34.0 MPa, accurate to withit: 0.03 MPa) 0.506 8.6 BP 0.184  14.35 BP
' : ' , ) W Uo ViFa). 0.432 9.51 BP 0.152 14.80 BP
The temperature of the system is maintained to withi®.2 0.395 10.27 BP 0.109 15.24 CcP
K. Also, it is measured with a platinum-resistance device 0.373 10.58 BP 0.086 15.17 DP
accurate to withind= 0.2 K (Thermometrics Corp., Class A) T=2393.15 K
placed in a thermowell on the surface of the cell. The contents 0.770 4.34 BP 0.338 12.89 BP
of the cell are projected onto a video monitor using a camera 9-621 6.95 BP 0272 14.62 BP
0.605 7.19 BP 0.220 15.59 BP
coupled to a boroscope (Olympus Corp., model F100-038-000- 'z« 926 BP 0184 16.41 BP
50) placed directly against the sapphire window. 0.432 10.68 BP 0.152 16.80 CP
Once thermal equilibrium is maintained in the cell, the 0.395 11.61 BP 0.109 16.79 DP
contents of the cell are compressed into the one-phase region 0-373 12.03 BP 0.086 16.55 bP

by moving the piston forward. The piston in the cell is slowly
adjusted to lower the system pressure into the two-phase region.

:::s Ft)\zz;?shgzza\gt(;rtf ggtda'gﬁ%'_g:‘gigritsastzre /'A\ntg[]\gﬂlgeg\cl)?rinmethacrylate mole fraction for the solubility isotherms at (313.15

pressure was obtained at the moment small vapor bubbles firS,[to 393.15) K have an estimated accumulated error of less than

appear in the cell, and dew point was obtained at the momenti 1.0 %.

a fine mist appears in the cell. Critical points are obtained by ~ Figure 2 and Table 1 show the experimental pressure
adjusting the temperature and pressure of the mixture until Composition P—x) isotherms at (313.15, 333.15, 353.15, 373.15,
critical opalescence was observed along with equal liquid and and 393.15) K, and the range of pressures of (2.2 to 16.8) MPa
vapor volume upon the formation of the second phase. The for the CQ + pentyl acrylate system. Three phases were not
temperature of system is increased, and then the entire procedur@bserved at any of the five temperatures. As shown in Figure
is repeated to obtain more information without reloading the 2, the mixture critical pressures are 13.34 MPa (at 353.15 K),
cell. ~15.24 MPa (at 373.15 K), and16.80 MPa (at 393.15 K).

Materials. Carbon dioxide was obtained from Daesung TheP—Xxisotherms shown in Figure 2 are consistent with those
Oxygen Co. (99.8 % minimum purity) and used as received. expected for a type-I systéfit® where a maximum occurs in
The pentyl acrylate (97 % purity; CAS Registry No. 2998-23- the critical mixture curve. The solubility of GOn the liquid
4) and the pentyl methacrylate (98 % purity; CAS Registry No. phase decreases as temperatures shift higher under constant
2849-98-1) used in this work were obtained from Scientific pressure.

Polymer Products. Both components were used without further  Figure 3 and Table 2 show the phase experimental data at
purification in the experiments. (313.15, 333.15, 353.15, 373.15, and 393.15) K and for pressures
. . up to 17.4 MPa for the CO+ pentyl methacrylate mixture. As
Results and Discussion shown in Figure 3, the mixture critical pressures are 13.28 MPa
High-pressure phase behavior data for both the €@entyl (at 353.15 K) and 17.48 MPa (at 393.15 K). Also, the pressure
acrylate and C@+ pentyl methacrylate systems are measured of each mixture critical point continually increases as the
and reproduced at least twice to within0.03 MPa andt 0.2 temperature increases. The £ pentyl methacrylate system
K for a given loading of the cell. The mole fractions are accurate does not exhibit three phases at any of the five temperatures
to within £ 0.002. The C@+ pentyl acrylate and CO+ pentyl investigated.

aBP is bubble point, DP is dew point, and CP is critical point.
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0T 7T T Table 2. Experimental Data for the Carbon Dioxide (1)+ Pentyl
i CO, + Pentyl Methacrylate Methcrylate (2) Systent
L | X2 P/MPa transition X2 P/MPa transition
15r ] T=313.15K
0.740 2.54 BP 0.245 6.28 BP
8 1 0.639 3.47 BP 0.206 6.85 BP
Z 10 - 0.565 3.99 BP 0.150 7.26 BP
a 1 0.461 4.88 BP 0.115 7.63 BP
0.369 5.46 BP 0.043 8.28 BP
0.281 5.93 BP
sk i
VAPOR + LIQUID T=333.15K
0.740 3.32 BP 0.245 8.59 BP
i ] 0.639 4.39 BP 0.206 9.32 BP
R 0.565 5.08 BP 0.150 10.08 BP
0 02 0.4 0.6 08 1 0.461 6.20 BP 0.115  10.59 BP
% 0.369 7.28 BP 0.043 11.00 BP
Figure 3. Comparison of the experimental data (symbols) for the Q) 0.281 8.24 BP
+ pentyl methacrylate (2) system with calculations (solid lines) obtained T=353.15K
using the PengRobinson equation of state wikf equal to 0.0140 angj; 0.740 4.00 BP 0.245 10.79 BP
equal to—0.0531: O, 313.15 K;0, 333.15 K;A, 353.15 K;®, 373.15 K; 0.639 5.35 BP 0.206 11.89 BP
W, 393.15 K. 0.565 6.23 BP 0.150 12.73 BP
0.461 7.59 BP 0.115 13.26 BP
The experimental phase behavior curves obtained in this work 8-222 1%% E'; 0.043 1328 cp
are modeled using the PR-EOS. The PeRgbinson equations ) '
re briefl ribed here. The PR- with th T=373.15K
are b. etly q§sc bed. ere € E®35 used with the 0.740 4.41 BP 0.245 13.07 BP
following mixing rules: 0.639 6.13 BP 0.206  14.02 BP
0.565 7.19 BP 0.150 15.02 BP
= XA (1) 0.461 8.93 BP 0.115 15.67 BP
Bmix ,z sz‘x‘a" 0.369  10.66 BP 0.043  15.14 DP
0.281 12.45 BP
— 1/2 T=393.15K
.= (a.a )41 — k. 2
3 = () (1~ k) 2) 0.740 4.92 BP 0.245 14.97 BP
0.639 6.88 BP 0.206 16.01 BP
_ 0.565 8.03 BP 0.150 17.05 BP
b = ) 3 Xby ) 0461  10.13 BP 0115  17.48 cP
ol 0.369 12.10 BP 0.043 16.28 DP
0.281 14.28 BP

by = 0.5[(0; + by)I(1 — 7;) (4)

aBP is bubble point, DP is dew point, and CP is critical point.
where k” and i a.‘re b'”?“y interaction parameters that are Table 3. Pure Component Critical Properties with the
determined by fittingP—x isotherm curves ane; andb; are Peng-Robinson Equation of Statd8:19
pure component parameters as defined by Peng and RoBthson.

. . - . . component Mw TJdK PJ/MPa )

The expression for the fugacity coefficient using these mixing —
rules is given by Peng and Robingdmnd is not reproduced  carbon dioxide 44.01  304.25 7.39 0.225

c : . entyl acrylate 142.20 612.31 2.66 0.5253
herg. ijectlon functior (OBF) and root-mean-square r_elatlve Bentzl me?’hacrylate 156.23 638.09 5 42 0.5691
deviation (RMSD) percent of this calculation were defined by
NP P2 Figure 2 compared experimental results with calcul&ed
OBF = 2 exp cal ) isotherms at temperatures of (313.15, 333.15, 353.15, 373.15,
. Pexo and 393.15) K for the carbon dioxide pentyl acrylate system

using the optimized values &f andy; determined at 353.15
OBE K. As shown in Figure 2, a good fit of the data are obtained
RMSD (%)= 4/ \p * 100 (6) with the Peng-Robinson equation using an adjustable mixture
parameters for the carbon dioxide pentyl acrylate system.
ND in eq 6 means the number of data point. Table 3 lists the 1The RMSD at five temperatures (313.15, 333.15, 353.15,
pure component critical temperatures, critical pressures, and the373-15, and 393.15) K for the carbon dioxittepentyl acrylate
acentric factorsd) for carbon dioxidé89 pentyl acrylate? system was 1.96 % of the 67 bubble points.
and pentyl methacrylatthat are used with the PR-EOS. The  Figure 3 shows a comparison of experimental with calculated
properties of pentyl acrylate and pentyl methacrylate were P—X isotherms at temperature of (313.15, 333.15, 353.15,
calculated by the Joback group-contribution metkosliso, the 373.15, and 393.15) K for the carbon dioxide pentyl
vapor pressures were calculated by the-tKesler method? methacrylate system. In the same way as above, these isotherms
Figure 4 shows a comparison between the experimental resultare calculated using the optimized valueskpf= 0.0140 and
of carbon dioxide+ pentyl acrylate and the calculated value 7 = —0.0531 determined at 353.15 K (bubble point data
obtained using the PengRobinson equation at a temperature 10, RMSD= 1.19 %). The RMSD at five temperatures for the
of 353.15 K. The binary interaction parameters of PR-EOS are carbon dioxide+ pentyl methacrylate system was 2.02 % of
fitted by the experimental data at 353.15 K. The values of the the 52 bubble points.
optimized parameters of the PR-EOS for the carbon dioxide Figure 5 shows the mixture critical curve for the carbon
pentyl acrylate system akg = 0.0293 andy; = —0.0448. The dioxide+ pentyl acrylate system predicted by the PR-EOS. The
RMSD at 353.15 K was 1.37 % of the 14 bubble points. calculated mixture critical curve is type-l, in good agreement
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Figure 4. Comparison of the best fit of Pendrobinson equation of state Figure 6. Pressuretemperature diagram for the GQ1l) + pentyl
to CO, (1) + pentyl acrylate (2) system obtained in this woK @t 353.15 methacrylate (2) system; the solid line and the solid circles represent the
K. vapor-liquid line and the critical point for pure CQOand pentyl meth-
acrylate; the open squares are mixture-critical points determined from
I B B isotherms measured in this study; the dashed line represents calculated values
______ . obtained using the Pergrobinson equation of state wiky = 0.0140 and
o’ ] 7ij = —0.0531.

0 I ] both of these two systems using two temperature-independent
s 0 \ 1 mixture interaction parameters. The agreement between calcu-
2 10f . N = lated and experimental mixture critical curves is reasonably good
!

‘ LIQUID + VAPOR , ] _ o . .
, . ] using two optimized parameters with the PR-EOS. We obtained

i ] good correlation results. RMSD (%) for the €& pentyl
r/ N co VLE T acrylate system was 1.96 % and for the £& pentyl
2 n-Pentyl Acrylate VLE ] methacrylate system was 2.02 %.
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