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High-Pressure Phase Equilibrium for Ethane + 2-Propanol at 308.15

K and 313.15 K

Daisuke Kodama, Masahiko Ogawa," Tomoaki Kimura, Hiroyuki Tanaka, and Masahiro Kato*

Department of Materials Chemistry and Engineering, College of Engineering, Nihon University,

Koriyama, Fukushima 963-8642, Japan

Phase equilibria and saturated densities were measured at 308.15 K and 313.15 K with a static-circulation
apparatus for ethane + 2-propanol at high pressures. An experimental apparatus equipped with three
Anton Paar DMA 512S vibrating tube density meters had been previously developed for measuring vapor—
liquid—Iliquid phase separation properties at high pressures. Coexisting phase compositions and saturated
densities of each phase could be measured with the apparatus with a maximum temperature and pressure
of 400 K and 20 MPa, respectively. For the present system, Kuenen et al. (Philos. Mag. 1899, 48, 180—
203) had previously reported only the upper critical end point and the approximate lower critical end
point. In the present study, the vapor—liquid equilibrium composition and saturated density of each phase
were determined by gas chromatography and density measurements, respectively. Vapor—liquid—liquid
equilibria was not observed in the present experiments. The experimental data obtained were correlated

with equations of state.

Introduction

Phase equilibrium properties of mixtures at high pres-
sures are required for practical uses such as the design and
operation of separation equipment in the petroleum, natu-
ral gas, and related industries. Supercritical fluid extrac-
tion is now attractive as a separation technology.

Kuenen et al.! had previously reported only the upper
critical end point (UCEP) as 317.15 K and the approximate
lower critical end point (LCEP) range from 311.15 K to
315.15 K. Kuenen et al. further observed three layers at
temperatures below 311.15 K down to about 298.15 K.
Kuenen et al. suggested that the phase separation behav-
iors are probably due to impurities in 2-propanol. The
authors did not find published vapor—liquid equilibrium
(VLE) data for the ethane + 2-propanol system.

A static-circulation apparatus equipped with three den-
sity meters for measuring vapor—liquid—liquid equilibria
(VLLE) at high pressures was described previously.?2 With
this apparatus, VLE and their saturated densities were
reported for carbon dioxide + ethanol? and carbon dioxide
+ 1-butanol?® at high pressures. Phase equilibrium proper-
ties of ethane + methanol,* ethane + ethanol,®> and ethane
+ 1-propanol® have been recently measured, including
VLLE.

In the present study, the coexisting phase compositions
and their saturated densities for the ethane + 2-propanol
mixture at high pressures are measured at 308.15 K and
313.15 K, including in the critical region.

The phase equilibrium relations obtained in the present
study are correlated with the Soave—Redlich—Kwong’
(SRK) and pseudocubic® equations of state.

Experimental Section
Materials. Ethane was supplied by Takachiho Chemical
Industrial Co. Ltd. with a guarantee of 99.9% purity.
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2-Propanol was a special-grade reagent of Wako Pure
Chemical Industries, Ltd. and was used without further
purification. The purity of 2-propanol was determined to
be 99.9% from gas chromatographic peak areas.

Apparatus and Procedures. The apparatus and ex-
perimental procedures? are the same as those described
previously. The apparatus is a static-circulation type, which
can operate to a maximum temperature and pressure of
400 K and 20 MPa, respectively, and has three Anton Paar
DMA 512S vibrating tube density meters. The apparatus
is immersed in a constant-temperature liquid bath con-
trolled within +0.01 K. The cell volume is approximately
320 cm3. The coexisting phases were continuously recircu-
lated through the sampling valves and density meters with
the three magnetic circulation pumps. Temperatures were
measured with a Hewlett-Packard 2804A quartz thermom-
eter. Pressures were measured with a Ruska 2480-700 oil
dead weight gauge and a Ruska 2439-702 pressure trans-
ducer. The equilibrium phase compositions were deter-
mined by using a Shimadzu GC-14A gas chromatograph
equipped with a 3-m Porapak Q column. Helium was used
as a carrier gas at a flow rate of 30 cm3-min~1. The injection
temperature and column temperature were about 423 K
and 403 K, respectively. The current value of a thermal
conductivity detector (TCD) was 100 mA.

The samples, ethane and 2-propanol, were charged into
the cell after the evacuation of the cell. The fluid in the
cell was mixed with a magnetic-driven agitator. Each phase
was circulated with its circulation pump. After a steady
state was established for 2 or 3 h, the agitator and
circulation pumps were stopped. After 1 h, the densities
and the pressure were measured with density meters and
a dead weight gauge, respectively. A sample of each phase
was taken with a sampling valve and analyzed by gas
chromatography after a circulation for 2 h in the sampling
room.

Results and Discussion

Tables 1 and 2 present the experimental results of
coexisting phase compositions and their saturated densities
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Figure 1. Phase equilibria for the ethane (1) + 2-propanol (2)
system at 308.15 K: (—®@—) this work; (- - -) pseudocubic equation
of state (ki2 = 0.1055); (---) SRK equation of state (ki = 0.0707).
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Figure 2. Saturated densities for the ethane (1) + 2-propanol
(2) system at 308.15 K: (—@—) this work; (- --) pseudocubic
equation of state (k> = 0.1055); (-+*) SRK equation of state (k12 =
0.0707).

Table 1. Saturation Pressure P, Liquid Mole Fraction x,
Vapor Mole Fraction y, Liquid Density p., and Vapor
Density py for Ethane (1) + 2-Propanol (2) at 308.15 K

P/MPa X1 V1 oL/(kg-m~3) ovl(kg-m~3)
2.191 0.260 0.990 711.2 31.9
4.336 0.644 0.996 550.6 91.1
4.609 0.806 0.995 452.3 106.9
4.858 0.957 0.994 331.0 133.0
4.912 0.971 0.993 303.3 142.5
4.936 0.978 0.993 292.1 148.5
4.958 0.983 0.992 280.2 155.1
4.972 0.986 0.992 273.3 160.0
4.990 0.990 0.994 257.4 169.8

for the ethane + 2-propanol system at 308.15 K and 313.15
K. Previously, VLLE phase separation was reported for
ethane + 1-propanol by Kuenen et al.! However, VLLE
phase separation was not observed in the present experi-
ments for the ethane + 2-propanol system. The uncertain-
ties of the experimental equilibrium composition, density,
temperature, and pressure are +0.001 mole fraction, +0.1
kg-m~3, £0.1 K, and +1 kPa, respectively.

Figures 1 and 2 respectively give the pressure—composi-
tion and the saturated density diagrams at 308.15 K.
Figures 3 and 4 show the results at 313.15 K. In Figures
1-4, the solid lines denote the experimental smoothed
curves drawn by considering the uncertainties of the
experimental data.
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Figure 3. Phase equilibria for the ethane (1) + 2-propanol (2)
system at 313.15 K: (—@—) this work; (- - -) pseudocubic equation
of state (k12 = 0.1097); (--+) SRK equation of state (k> = 0.0736).

Table 2. Saturation Pressure P, Liquid Mole Fraction X,
Vapor Mole Fraction y, Liquid Density p. and Vapor
Density py for Ethane (1) + 2-Propanol (2) at 313.15 K

P/MPa X1 V1 oL/(kg-m~3) ovl(kg-m~3)
3.169 0.336 0.984 673.9 49.5
4.251 0.509 0.995 606.7 79.5
4.744 0.670 0.995 537.3 101.3
4.985 0.779 0.995 465.1 117.6
5.162 0.890 0.996 383.9 135.7
5.335 0.966 0.996 283.3 179.0
5.353 0.974 0.995 259.9 196.9
5.357 0.978 0.994 249.3 202.0

Correlations

The experimental data obtained were correlated with the
conventional SRK” equation of state and the pseudocubic®
equation of state.

The pseudocubic® equation of state is expressed as
follows:

RT a +_ (V= eb)(V + ob)
Vb e VT v @
e=(1-0)(-2), 0=01-0)(+2) (2)
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(4)

c

InK, =S —4/T), S=11746+3.45390 (5)

where P, R, T, V, Z, and w denote respectively the pressure,
gas constant, temperature, molar volume, compressibility
factor, and acentric factor. K,, S, a, b, ¢ 60, 0, and &
represent the parameters. The subscripts ¢ and r denote
the critical property and reduced property, respectively.
The asterisk indicates the apparent value.

The following mixing rules were used, introducing binary
interaction parameter Ki;:

a= Zinxjaij, b= Zinijij, 0= Zxﬂi (6)
[ [ 1

b, + b,
a; = (1 — ky)y/aa, b= 2 (7)

where x represents the mole fraction. The subscripts i and
j denote the components.
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Figure 4. Saturated densities for the ethane (1) + 2-propanol
(2) system at 313.15 K: (—@—) this work; (- --) pseudocubic
equation of state (ki = 0.1097); (---) SRK equation of state (ki =
0.0736).

The binary interaction parameter ki, was evaluated as
0.1055 at 308.15 K and 0.1097 at 313.15 K, from the
present experimental bubble-point pressure data in the
lower pressure regions for the SRK and the pseudocubic
equations.

In the correlations, the critical values and acentric
factors of ethane and 2-propanol were obtained from the
work of Reid et al.®

Calculation results with the equations of state are shown
in Figures 1—4. In Figures 1—4, the solid, dotted, and
broken lines denote respectively the experimental smoothed
data, the calculation results by the SRK equation, and the
ones by the pseudocubic equation. In Figures 1—4, the
horizontal lines denote the VLLE separation ranges cal-
culated with the equations of state. As shown in Figures
1-4, the VLLE separations in the narrow composition
ranges were calculated by the equations of state. The
equation of state is generally applied for the VLE correla-

tion, mainly for the pressure—composition behavior, not for
the saturated vapor and liquid density behavior.

Conclusions

Phase equilibria and saturated densities for ethane +
2-propanol at high pressures were measured at 308.15 K
and 313.15 K with a static-circulation apparatus. The
experimental data obtained were correlated by the equa-
tions of state.
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