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Experimental Determination of the Oxygen Solubility in Benzene
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Oxygen solubility in benzene was measured at pressures up to 0.4 MPa in the temperature range between
302.85 K and 332.63 K using a static synthetic method. The P,x data were correlated with the Soave—
Redlich—Kwong equation of state and the Huron—Vidal mixing rule combined with the UNIQUAC model.
From this correlation the Henry coefficients were derived and compared to data from literature. The
experimental results were used together with literature data for fitting the interaction parameters between
oxygen and the aromatic CH group of the predictive Soave—Redlich—Kwong (PSRK) model.

Introduction

The simultaneous oxygen and nitrogen solubilities in
organic solvents (alkanes, alkenes, aromatics, alcohols,
ketones, and ethers) reflect the air solubility, which is
important to determine the amount of dissolved air in
contact with any of these liquids. Several gas solubility
measurements were performed by Fischer and Wilken,!
because the oxygen solubility data retrieved from the
literature were found to be insufficient to adjust the desired
interaction parameters for the predictive Soave—Redlich—
Kwong (PSRK) model.2=> Gas solubility data are usually
published in terms of solubility coefficients, which super-
pose linearity between the solubility and the partial
pressure at low concentrations. Most of the published data
have been obtained at atmospheric pressure, whereas our
measurements were performed at pressures up to 0.4 MPa.
The Henry coefficients derived from the P,x data obtained
in this work have already been published, together with
the values for various other systems, elsewhere.®

Experimental Section

Materials. Oxygen with a purity 99.995 mol % was
purchased from Messer Griesheim and used without
further purification. Benzene supplied by Fluka with an
initial purity of 99.7 mass % was distilled and degassed
after drying over molecular sieve by vacuum distillation
as described before.” Its final purity was >99.9 mass %, as
checked by gas chromatography and Karl Fischer titration.

Apparatus and Procedure. The apparatus used was
described in detail by Fischer and Gmehling.” Modifications
of the experimental setup, as well as the raw data treat-
ment, which is required for the indirect experimental
method for determining the gas solubility in the liquid
phase, have been outlined by Fischer and Wilken.! The
indirect experimental method provides the system pressure
P of a mixture with known composition charged into a
thermostated equilibrium cell at the temperature T. The
global feed composition is known precisely, whereas the
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Table 1. Experimental Isothermal P,x Data for the
System Oxygen (1) + Benzene (2)

T =2302.85K T=317.71K T=332.63K
X1 P/MPa X1 P/MPa X1 P/MPa

0.000000 0.01577 0.000000 0.02937 0.000000 0.05132
0.000080 0.02669 0.000087 0.04086 0.000094 0.06327
0.000653 0.09793 0.000706 0.11573 0.000765 0.14070
0.001001 0.14068 0.001085 0.15960 0.001170 0.18737
0.001825 0.24122 0.001976 0.26438 0.002135 0.29597
0.002242 0.29183 0.002424 0.31776 0.002618 0.35136
0.002783 0.35987 0.003011 0.38863 0.003252 0.42528

composition of the liquid phase is obtained by subtracting
the molar amount in the vapor from the total molar amount
loaded in the equilibrium cell. Further details about the
raw data treatment method may be found elsewhere.! The
uncertainty introduced by this evaluation method depends
mainly on the relative molar amount in the vapor phase;
therefore, the equilibrium cell was charged almost com-
pletely full with benzene, leaving a relatively small vapor
space. The overall uncertainty of the liquid phase composi-
tion was estimated to be x; = £0.000005, taking into
account the uncertainties of the feed composition by using
the DIPPR correlation® for charging liquid benzene and
adding gaseous oxygen and accounting also for the accuracy
limited by the raw data exploitation method. The temper-
ature was measured with an absolute uncertainty of £0.02
K and the pressure with an estimated relative precision of
+0.05% and an uncertainty of +0.05 kPa.

Results and Discussion

The solubility measurements have been performed at
(302.85, 317.71, and 332.63) K. The isothermal P,x data
are listed in Table 1 and plotted in Figure 1. For each
temperature the Henry coefficient was derived from the
P.x data correlated with the SRK equation of state and the
Huron—Vidal mixing rule® combined with the UNIQUAC
model. The values are given in Table 2. According to Figure
2, the Henry coefficients, obtained from the phase equilib-
rium data measured in this work up to superatmospheric
pressure, are in a reasonable agreement with most of the
literature values'®~23 taken from the Dortmund Data Bank
mainly determined at atmospheric or subatmospheric
pressure. The scattering of the literature data is not caused
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Figure 1. Experimental isothermal P,x data for the system
oxygen (1) + benzene (2): 4, 302.85 K; W, 317.71 K; a, 332.63 K;
—, calculations using the PSRK method.
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Figure 2. Experimental Henry coefficients for oxygen (1) in
benzene (2): ©, taken from the literature;1°-23 @, derived from
isothermal P,x data; —, calculations using the PSRK method.

Table 2. Henry Coefficients for the Solubility of Oxygen
(1) in Benzene (2) Derived from Experimental Isothermal
P,x Data Applying the SRK Equation of State and the
UNIQUAC Model with Huron—Vidal Mixing Rule®

T/IK Hi/MPa
302.85 122.9
317.71 118.6
332.63 114.3

by the effect of different pressures as the data from this
work show that the imposed linearity between the gas
solubility and its partial pressure is valid for oxygen
solubilities in benzene even for moderately high pressures.
The experimental data were obtained at temperatures close
to the maximum of the Henry coefficient at 315 K; thus,
the solubility changes only slightly, as shown in Figure 1,
within the temperature interval investigated experimen-
tally.

Additionally, the experimental P,x data and Henry
coefficients are compared with the calculated results from
the PSRK method. The required PSRK interaction param-
eters were fitted to a larger database with oxygen solubili-
ties in aromatic compounds, including our P,x data. The
values are given elsewhere.! A good agreement between
the experimental values and the calculated results is
obtained.
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