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Abstract The solubility information of fluoro-monomer (meth) acrylate in organic solvents is an

important factor affecting their use in numerous engineering practices. This study investigated

the phase equilibria of 1H, 1H-perfluorooctyl acrylate (PFOA) and 1H, 1H-perfluorooctyl

methacrylate (PFOMA) in supercritical CO2 using optical fiber and contact lenses. The solubility

curves investigations were conducted at different temperatures (313.2 to 393.2) K and pressures

(3.31 to 16.84) MPa, and the mole fraction of (0.032 to 0.630). Results revealed that the

PFOA + SC-CO2 and PFOMA + SC-CO2 systems exhibited a type-I behavior. The RMSD

(%) for the PFOA + SC-CO2 [kij = 0.075, gij = 0.0], and PFOMA + SC-CO2 [kij = 0.075,

gij = 0.0] models using two factors determined at 353.2 K evaluated with the alterable parameters

at each T were 5.08 %, and 5.36 %, respectively. The correlation of the experimental response for

the PFOA + SC-CO2 and PFOMA + SC-CO2 two component models were examined using Peng-

Robinson (PR) equation of state (EOS) involving two parameters (kij, gij) base on a fluid mixture

rule. Additionally, the critical properties (pc, Tc and x) and vapor pressure of PFOA and PFOMA

were assessed using the Joback-Lyderson group impact.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, the use and development of polymers, particularly in engi-

neering application, such as coating sources, biomedical resources, air-

craft materials, optics, and fibers, have increased. Fluoropolymers

have demonstrated attractive and exceptional characteristic behaviors

such as superior thermal stability, water resistance and high chemical

stability. Particularly, polymers with lengthy fluoro-functional chains

have attracted significant interest. The polymers with acrylate and

(meth) acrylate repetition group (i.e., monomer) are primarily utilized
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Nomenclature

Symbols
a Pa∙m6/mol2 Attraction factor

b m3/mol
Co-volume factor

BP MPa Bubble point

CP Critical point
DP Dew point
N Number of the data

p MPa Pressure

R 8.314462 J/(mol∙K) Universal gas constant
T K Temperature
v m3 mol�1 Molar volume
x Liquid phase mole fractions

Greek letters
a Alpha function
x Acentric factor
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in a variety of functions which are in medicine, glazing, oil additives,

toy industry and building materials (Kirk-Othmer, 1981). Thus, it is

essential to further understand the behavior of more knowledge of

monomers with acrylate and (meth) acrylate unit in supercritical gases

(Choi et al., 2016; Jang et al., 2015). Although few works have inves-

tigated the phase behavior of methacrylate-based polymers, the high-

cost of fluorine-based monomers and their poor solubility have limited

their application in various industries (Ritz and P. L_atalova, J. Krı́z,

J. Genzer, P. Vlcek, 2008; Mohammed et al., 2016; John et al., 2016;

Kim et al., 2017).

There are many different approaches were reported for the green

synthesis of chemicals (Wang et al., 2022; Meng et al., 2022; Wei

et al., 2023), however the utilization of supercritical fluids technique

is considered as economical and eco-friendly. The supercritical fluids

(SCFs) techniques along with carbon dioxide (CO2) could be a better

substitute in terms of several globally dangerous organic solvents pre-

sently applied in the engineering industry due to supercritical carbon

dioxide (SC-CO2) is comparatively cheap, nonflammable, and non-

toxic (Goetheer et al., 1999). However, polymers exhibit the inade-

quate miscibility in solvents, most polymers are miscible in SCFs. At

various pressure (p), temperature (T) and concentration, the miscibility

of polymer in SC-CO2 exposes the extraordinary disparity. Being eco-

logically benign solvent, Sc-CO2 is non-flammable, nontoxic, cheap

solvent and also a by-product mass-produced in commercial processes

such as hydrogen, ammonia, and ethanol plants (Cooper and Holmes,

1999; Carlota et al., 2007). Also, it has characteristics properties like

zero dipole moment, low dielectric constant, quadrupole moment,

easily attainable critical point with Tc ¼ 304:2K and pc ¼ 7:38MPa

etc. The two-component system containing Sc-CO2 has various practi-

cal functions and hence, to have information of phase equilibria of

these mixtures is indispensable. So, the SCFs methodology been uti-

lized to numerous industrial practices trade with various polymer such

as anti-solvent precipitation, fine particles creation and polymerization

(McHugh and Krukonis, 1994; Cooper, 2000; Tomasko et al., 2003).

The lab-made examinations have been constantly published by Byun

and their team people. They were discussed the thermodynamic prop-

erties of polymers phase behavior study under different supercritical

fluids, such as carbon dioxide, ethylene, etc. (Ghoderao et al., 168

(2022); Byun, 2021; Dhamodharan et al., 110 (2022); Dhamodharan,

2022). McHugh and their group also reported various polymers ther-

modynamic properties under supercritical fluids, they were discussed

experimental as well as computational analysis (Mallepally et al.,

2016; Wu et al., 2014). Radosz’s team performed numerous research

works to analyze the phase behavior properties of polymers under

supercritical fluids (Albrecht et al., 1996; Folie et al., 1996), and Kir-

an’s team (Kiran, 2016).

In this work, we performed laboratory investigations on the phase

equilibria for the PFOA + SC-CO2 and PFOMA + SC-CO2 mixtures

at maximum pressures and elevated temperatures of approximately

16.84 MPa and 393.2 K, respectively. Our key fact of this research

work is to analyze the thermodynamic properties (critical point, dew

point, and bubble point) of the discussed two component models
(PFOA + SC-CO2 and PFOMA + SC-CO2). The machinery per-

formed in this experiment is a static type by synthetic view technique.

The three-phases in presentation of these mixtures was not considered

as it is beyond the scope of this work. The data of lab-made trails are

correlated by utilizing the Peng Robinson equation of state (PR EOS)

under van der Waals single fluid mixing rule (vdW1). The calculation

results revealed that laboratory data and the estimated data of the two

models were consistent. In addition, there is no other previous studies

has been reported for the said system and based on the literature

report, this is the first time we have performed the phase behavior

examination of a binary model comprising of PFOA + SC-CO2 and

PFOMA + SC-CO2 mixture.
2. Laboratory investigational section

2.1. Materials

1H, 1H-Perfluorooctyl acrylate (purity > 0.970; CAS 307–98-

2) and 1H, 1H-Perfluorooctyl methacrylate (purity > 0.970;
CAS 3934–23-4) were obtained from Alfa Aesar Company.
Carbon dioxide (purity > 0.999) was purchased form Deok
Yang Company. All the materials were utilized as obtained

in this research work. The complete details of the utilized
materials related to this study is presented in the Table 1.
The schematic illustration of the investigated chemicals is pre-

sented in Fig. 1.

2.2. Device setup and working process

The equipment operated to analyze the phase behavior of two
different monomers under SC-CO2 were performed same as
our previous works (Dhamodharan et al., 2022; Kwon et al.,
2022; Ghoderao et al., 2022; Ghoderao et al., 2022; Choo

et al., 2019). The essential component of the equipment con-
sists of a variable-volume view (3 V) cell, and high-pressure
(HP) generator. A thick and strong glass window is associated

with the front of the 3 V cell to observe the phase changes.
Normally, the thawed (liquid) monomers was passed through
the cell roughly ± 0.002 g by the assist of a syringe; then

the bare cell is cleansed by numerous trails with N2 gas to elim-
inate pinches of organic matters and unwanted air particles.
Afterward, CO2 supplied to the operating 3 V cell

roughly ± 0.004 g by the use of a HP bomb. Then the blend
inside the 3 V cell compressed to the necessitous pressure by
the assist of a wheel type piston.

The 3 V cell pressure was valued with a Heise gauge (having

a highest pressure of 34.0 MPa, model CM-53920, made by



Table 1 Specifications of the chemical used in this work.

Chemical name Mass fraction purity Molecular formula Source CAS RN

Carbon Dioxide > 0.999 CO2 Deok Yang Co. 124–38-9

1H, 1H-Perfluorooctyl Acrylate > 0.970 C11H5F15O2 Alfa Aesar Co. (GC) 307–98-2

1H, 1H-Perfluorooctyl Methacrylate > 0.970 C12H7F15O2 Alfa Aesar Co. 3934–23-4

Fig. 1 Chemical structure of (a) 1H, 1H-perfluorooctyl acrylate and (b) 1H, 1H-perfluorooctyl methacrylate.

Fig. 2 The detailed pictorial representation of experimental

apparatus utilized in this research work (McHugh and Krukonis,

1994).
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Dresser Ind.) precise to ± 0.02 MPa. A digital meter (accurate

to ± 0.005 %, model 7563, made by Yokogawa), was utilized
to monitor the 3 V cell temperature and the maintained tem-
perature was less than ± 0.2 K. A borescope (made by Olym-
pus Corp) built-in with a camera is enclosed side to the glass

window to observe phase changes via computer. The light dif-
Fig. 3 The laboratory experimental results of pressure-composit

perfluorooctyl acrylate + (1-x) SC-CO2 model at various temperatu

393.2.K. (b) � 1H, 1H-perfluorooctyl methacrylate + (1-x) SC-CO2 m

353.2 K; ., 373.2 K; ◆, 393.2 K.
fusion in the 3 V cell was sustained by a fiberoptic wire associ-
ated to an elevated-density illuminator and the borescope. The
monomers inside the 3 V cell were robustly blended by the sup-

port of a magnetic stirrer, which is operated by an external
unit. Firstly, the monomer content compressed to a homoge-
nous phase at steady temperature. The homogeneous phase

inside the cell continued at the desired temperature for more
than half an hour to accomplish phase equilibrium. Then,
the 3 V cell pressure was slightly abridged till a two phases

attains. The bubble and dew points were measured, while the
first vapor bubble forms and while the earliest teeny mist
observed inside the 3 V cell. By changing the pressure and
temperature till the critical opalescence, the critical points

are marked. The sketch demonstration of the equipment was
presented in the Fig. 2.

3. Results analysis

3.1. Experimentation

The laboratory trial data of the PFOA + SC-CO2 and
PFOMA + SC-CO2 systems were investigated, and the exper-

iment was replicated using the HP equipment at a temperature
(T), pressure (p), and mole fraction (x) of 0.2 K, 0.02 MPa, and
ion isotherm for as-proposed binary models. (a) � 1H, 1H-

res such as d, 313.2.K; j, 333.2.K; ▲, 353.2.K; ., 373.2.K; ◆,

odel at various temperatures such as d, 313.2 K; j, 333.2 K; ▲,



Table 2 Experimental data for the (1H, 1H-perfluorooctyl

acrylate + SC-CO2) {x C11H5F15O2 + (1 - x) SC-CO2} system

in this work. BP is bubble-point, CP is critical-point and DP is

dew-point.

1H, 1H-Perfluorooctyl Acrylate Mole

Fraction

pa /

MPa

Transitionb

Ta / K = 313.2

0.044 8.72 BP

0.063 8.59 BP

0.081 8.42 BP

0.101 8.24 BP

0.147 7.80 BP

0.198 7.20 BP

0.249 6.74 BP

0.253 6.68 BP

0.307 6.35 BP

0.363 5.97 BP

0.396 5.55 BP

0.478 4.48 BP

0.563 3.83 BP

0.630 3.31 BP

T / K = 333.2

0.044 11.22 BP

0.063 11.15 BP

0.081 10.83 BP

0.101 10.45 BP

0.147 9.80 BP

0.198 8.79 BP

0.249 8.22 BP

0.253 8.20 BP

0.307 7.59 BP

0.363 6.93 BP

0.396 6.38 BP

0.478 5.24 BP

0.563 4.41 BP

0.630 3.72 BP

T / K = 353.2

0.044 13.35 DP

0.063 13.43 CP

0.081 13.32 BP

0.101 12.93 BP

0.147 12.10 BP

0.198 10.72 BP

0.249 9.74 BP

0.253 9.61 BP

0.307 8.99 BP

0.363 8.04 BP

0.396 7.35 BP

0.478 6.06 BP

0.563 4.96 BP

0.630 4.00 BP

T / K = 373.2

0.044 15.00 DP

0.063 15.37 DP

0.081 15.11 BP

0.101 14.79 BP

0.147 13.86 BP

0.198 12.31 BP

0.249 10.95 BP

0.253 10.79 BP

0.307 10.04 BP

Table 2 (continued)

1H, 1H-Perfluorooctyl Acrylate Mole

Fraction

pa /

MPa

Transitionb

0.363 9.07 BP

0.396 8.38 BP

0.478 6.79 BP

0.563 5.41 BP

0.630 4.35 BP

T / K = 393.2

0.044 15.70 DP

0.063 16.25 DP

0.081 16.36 CP

0.101 16.17 BP

0.147 15.41 BP

0.198 13.83 BP

0.249 12.76 BP

0.253 12.55 BP

0.307 11.21 BP

0.363 10.03 BP

0.396 9.14 BP

0.478 7.45 BP

0.563 5.85 BP

0.630 4.62 BP

a Standard uncertainties are u(T) = 0.12 K, u(p) = 0.2 MPa and

u(x) = 0.0008.
b BP: Bubble-point, CP: Critical-point, DP: Dew-point.
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0.002, respectively. The solubility isotherms of the PFOA +
SC-CO2 and PFOMA + SC-CO2 systems with a change in

temperatures from 313.2 K to 393.2 K were constructed
depending on the outcomes with two sovereign factors with
an estimated error of less than ± 0.1%.

The lab-based trail data of p, composition (x) isotherms at
various temperatures, such as 313.2 K to 393.2 K and several
pressures raise from 3.31 to 16.84 MPa for the PFOA +

SC-CO2 system. Fig. 3a and Table 2 shows the lab-based trail
data of PFOA + SC-CO2 system. The Fig. 3a, exposes that,
described BP pressure rises with the rise in temperature which
is attributes of type-I phase behavior (Byun, 2017; Lee et al.,

2018). As shown in Fig. 3a, the critical p of the PFOA +
SC-CO2 system is rising in regard to the increasing tempera-
ture, that is the early critical pressure was noted at

13.43 MPa in regard to 353.2 K, then the elevated pressure
value of 16.36 MPa was accomplished at 393.2 K, which
evidence that the critical point (CP) of the PFOA + SC-CO2

system rises with respect to raising T.
Similarly, the PFOMA + SC-CO2 model was also carried

out with the various temperatures and difference pressures
same as PFOA + SC-CO2 model. The studied lab-based inves-

tigational data of the PFOMA + SC-CO2 system is presented
in the Fig. 3b and Table 3. The Fig. 3a, exposes that, described
BP pressure rises with the rise in temperature which is attri-

butes of type-I BP (Byun, 2017; Lee et al., 2018). In addition,
there was a notable decrease in the solubility of the monomer
in CO2 with increase T at a fixed pressure range. Nevertheless,

as shown in Fig. 3 (a-b), both two-component models demon-
strate type-I model and possibly there were no three phases
achieved at various operated temperatures in both the models.



Table 3 Experimental data for the (1H, 1H-perfluorooctyl

methacrylate + SC-CO2) {x C12H7F15O2 + (1 - x) SC-CO2}

system in this work. BP is bubble-point, CP is critical-point and

DP is dew-point.

1H, 1H-Perfluorooctyl Methacrylate Mole

Fraction

pa /

MPa

Transitionb

Ta / K = 313.2

0.032 8.67 BP

0.059 8.49 BP

0.091 8.24 BP

0.125 8.04 BP

0.159 7.70 BP

0.200 7.18 BP

0.252 6.59 BP

0.315 5.90 BP

0.382 5.04 BP

0.430 4.59 BP

0.513 4.07 BP

0.557 3.66 BP

T / K = 333.2

0.032 11.38 BP

0.059 11.05 BP

0.091 10.66 BP

0.125 10.31 BP

0.159 9.90 BP

0.200 9.29 BP

0.252 8.14 BP

0.315 7.14 BP

0.382 5.93 BP

0.430 5.41 BP

0.513 4.69 BP

0.557 4.21 BP

T / K = 353.2

0.032 13.84 DP

0.059 13.87 CP

0.091 13.48 BP

0.125 12.72 BP

0.159 12.10 BP

0.200 11.17 BP

0.252 9.79 BP

0.315 8.66 BP

0.382 6.90 BP

0.430 6.31 BP

0.513 5.31 BP

0.557 4.76 BP

T / K = 373.2

0.059 15.83 BP

0.091 15.49 BP

0.125 14.66 BP

0.159 13.90 BP

0.200 12.76 BP

0.252 11.14 BP

0.315 9.69 BP

0.382 8.00 BP

0.430 7.21 BP

0.513 5.86 BP

0.557 5.10 BP

T / K = 393.2

0.059 16.84 BP

0.091 16.60 BP

Table 3 (continued)

1H, 1H-Perfluorooctyl Methacrylate Mole

Fraction

pa /

MPa

Transitionb

0.125 16.04 BP

0.159 15.35 BP

0.200 14.21 BP

0.252 12.48 BP

0.315 10.66 BP

0.382 9.14 BP

0.430 7.83 BP

0.513 6.41 BP

0.557 5.55 BP

a Standard uncertainties are u(T) = 0.12 K, u(p) = 0.2 MPa and

u(x) = 0.0008.
b BP: Bubble-point, CP: Critical-point, DP: Dew-point.
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3.2. Computational analysis

The PR EOS model was utilized for comparison with the
obtained laboratory trail values such as the BP, dew point
(DP), and CP of the isothermal phase behavior, and the for-

mulas used are expressed below:

P ¼ RT

v� b
� a Tð Þ
v vþ bð Þ þ bðv� bÞ ð1Þ

a Tð Þ ¼ 0:45724
R2T2

c

Pc

a Tr;xð Þ ð2Þ

b Tcð Þ ¼ 0:07780
RTc

Pc

ð3Þ

a Tr;xð Þ ¼ 1þ j 1� T
1
2
r

� �� �2

ð4Þ

where, j can be expressed as,

j ¼ 0:37464þ 1:5422x� 0:26999 ð5Þ
The vdW1 rules are expressed below,

amix ¼
X
i

X
i

xixjaij ð6Þ

bmix ¼
X
i

X
i

xixjbij ð7Þ

aij ¼ aiiajj
� �1

2ð1� jijÞ ð8Þ

bij ¼ 1

2
ðbii þ bjjÞð1� gijÞ ð9Þ

where the interaction parameters ‘‘gij” and ‘‘jij” were calcu-

lated by reducing the objective function (OF) expressed in
eq. (10) at a base T of 353.2 K. In addition, the root means

square deviation (RMSD) and OF are calculated using the for-
mulas below:

OF ¼
XN
i

Pexp � P
cal

Pexp

� �2

ð10Þ



Table 4 The properties of pure component in carbon dioxide, 1H, 1H-perfluorooctyl acrylate and 1H, 1H-perfluorooctyl

methacrylate.

Compounds Mw Tb / K Tc / K pc / MPa x

Carbon Dioxide 44.01 304.2 7.38 0.225

1H, 1H-Perfluorooctyl Acrylate 454.13 481.6a 614.7 1.28 0.708

1H, 1H-Perfluorooctyl Methacrylate 468.16 493.0b 625.6 1.20 0.710

a : Calculated value b: Guidechem.

Fig. 4 The comparative study analysis of experimental and PR EOS simulated results of as-proposed binary mixtures models. (a) Plot of

pressure against mole fraction to illustrate the comparison of experimental data (symbols) for the (1H, 1H-perfluorooctyl acrylate + SC-

CO2) {(1-x) SC-CO2+ x (C11H5F15O2)} model with calculations obtained from the PR EOS by jij and gij set equal to zero (dashed lines),

and jij equal to 0.075 and gij equal to 0.0 (solid lines) at T-353.2 K. (b) 1H, 1H-perfluorooctyl acrylate + SC-CO2 {(1-x) SC-CO2 + x

(C11H5F15O2)}.

Fig. 5 The comparative study analysis of experimental and PR EOS simulated results of as-proposed binary mixtures models. (a) Plot of

pressure against mole fraction to illustrate the comparison of experimental data (symbols) for the (1H, 1H-perfluorooctyl

methacrylate + SC-CO2) {(1-x) SC-CO2 + x (C12H7F15O2)} model with calculations obtained from the PR EOS by jij and gij set

equal to zero (dashed lines), and jij equal to 0.075 and gij equal to 0.0 (solid lines) at T-353.2 K. (b) 1H, 1H-perfluorooctyl

methacrylate + SC-CO2 {(1-x) SC-CO2 + x (C12H7F15O2)}.
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RMSDð%Þ ¼
ffiffiffiffiffiffiffi
OF

N

r
100 ð11Þ

where ‘‘N” in equations (10) and (11) denotes the data points
counts, and we have optimized the OF with the help of Mar-
quardt algorithm (Kuester and Mize, 1973). The pc, x, and
Tc of the neat PFOA, PFOMA, and CO2 were evaluated using
the PR EOS, and the investigated information is listed in
Table 4. The critical characters of the PFOA, and PFOMA

were assessed using the Joback and Lydersen’s method (Peng
and Robinson, 1976; Poling et al., 2001). The vapor pressure
assessment was performed using the Lee-Kesler technique
(Peng and Robinson, 1976; Poling et al., 2001).
Fig. 4a shows the comparison of the laboratory trail and
PR EOS assessed values of the PFOA + SC-CO2 system at

T = 353.2 K. The red dots indicate the laboratory trail data
counts, and the red mark displays a good fit of computa-
tional analysis data obtained by the aid of PR EOS. The blue

marks imply outcomes obtained using kij ¼ 0:0; gij ¼ 0:0,

whereas the red mark indicate outcomes obtained using the
matched kij and gij. The independent interaction parameter

of the PR EOS exposes good match with the laboratory trail
data at 353.2 K. The PR EOS, adjusted value for
PFOA + SC-CO2 system are gij = 0.0, kij = 0.075 at

353.2 K.



Fig. 6 Plot of pressure against temperature for the as-proposed binary models. (a) 1H, 1H-perfluorooctyl acrylate + SC-CO2 model.

The solid lines and the solid circles represent the (vapor + liquid) lines and the critical points for pure CO2 and 1H, 1H-perfluorooctyl

acrylate. The solid squares are critical points determined from isotherms measured in this work. (b) 1H, 1H-perfluorooctyl

methacrylate + SC-CO2 model. The solid lines and the solid circles represent the (vapor + liquid) lines and the critical points for

pure CO2 and 1H, 1H-perfluorooctyl methacrylate. The solid squares are critical points determined from isotherms measured in this work.
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Fig. 4b, demonstrating the competitive discussion of lab-
made trail and computational analysis data of the p-x isotherms

at various temperatures (313.2 to 393.2) K for the PFOA+ SC-
CO2 system engaged using the adjusted data of the sovereign
factors of kij and gij calculated at T = 353.2 K. In agreement

with the Fig. 4b, the lab-based investigational results, and the
PR EOS adjusted data of the PFOA + SC-CO2 system shows
a decent agreement. The RMSD (%) of all the laboratory trial

T was 5.08 % for 70 data counts.
Fig. 5a shows a comparative study analysis of laboratory

trail and simulated p-x isotherms for the PFOMA + SC-

CO2 system at T = 353.2 K. The red dots denote to lab-
based investigational results, and the red line indicates that
the laboratory results were well matched with the simulated
values obtained using PR EOS. The blue mark indicates the

outcomes obtained using kij ¼ 0:0; gij ¼ 0:0 whereas the red

marks represent the outcomes obtained using the matched

kij and gij. The two component interaction elements of the

PR EOS model were in good agreement with the laboratory
trail data at 353.2 K. The PR EOS adjusted data for

PFOMA + SC-CO2 system at T = 353.2 K were gij = 0.0,

kij= 0.075.

Fig. 5b displays that the comparative discussion of
laboratory trail response and computational p-x isotherms at

various temperatures from 313.2 K to 393.2 K for the
PFOMA + SC-CO2 system engaged the adjusted data of the
sovereign factors of kij and gij lofted at T = 353.2 K. The

image revealed that the obtained laboratory trail results and
the PR EOS optimized data of the PFOMA + SC-CO2 system
were well matched. The RMSD (%) of all the investigated

T was 5.36 % for 58 data counts.
Fig. 6a shows the PR EOS predicted critical curve (CC) for

the PFOA + SC-CO2 system. The red marks in Fig. 6a indi-
cate the vapor p of the pure PFOA and CO2, which was

assessed using the Lee-Kesler approach (Peng and Robinson,
1976; Poling et al., 2001). The red dots emphasize the CP of
the pure CO2 and PFOA. The area above the blue mark indi-

cated that the system is in one phase (fluid), and the area below
indicates two phases (vapor and liquid). The blue dashed lines
represent the information obtained from the PR EOS for the

PFOA + SC-CO2 model at T = 353.2 K.
Fig. 6b shows the PR EOS estimated CC for the

PFOMA + SC-CO2 system. The red lines in Fig. 6b

correspond to the vapor p of the pure PFOMA and CO2,
which was assessed by the help of Lee-Kesler approach
(Peng and Robinson, 1976; Poling et al., 2001). The red dots

indicate the CP of the pure CO2 and PFOMA. In Fig. 6b,
the area above the blue marking represents one phase (fluid),
and the below the mark represents two phases (vapor–liquid).

The consequential CCs expose type-I system. The blue mark-
ing relates to the estimated data accomplished through PR
EOS of the PFOMA+ SC-CO2 system at T= 353.2 K. More-
over, the examined CCs of the as-proposed two-component

models were consistent with the laboratory trail data and com-
putational response, which was obtained using PR EOS with
two alterable parameters.
4. Conclusions

In this study, high-pressure laboratory-obtained trial data of the (p, x)

isotherm for the (PFOA + SC-CO2 and PFOMA + SC-CO2)

two-component models assessed using a synthetic approach equipment

(3 V cell) at various temperatures from 313.2 to 393.2 K and a

maximum p of � 24 MPa were obtained. Both (PFOA + SC-CO2

and PFOMA + SC-CO2) systems did not exhibit three phases

(liquid + liquid + vapor) at any operated temperatures. The PR

EOS predicted the phase behavior for the (PFOA + SC-CO2, and

PFOMA+ SC-CO2) systems using two temperature sovereign mixture

synergy factors. The critical curves between the simulated and

laboratory-obtained trail data were consistent base on the two-

adjustable parameters of the PR EOS. The RMSD (%) for the

PFOA + SC-CO2 [jij = 0.075, gij= 0.0], and PFOMA + SC-CO2

[jij = 0.075, gij= 0.0] models using two factors determined at

353.2 K evaluated using the alterable parameters at each T were 5.08

%, and 5.36 %, respectively.
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