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Fig. 1 Schematic Diagram of Supercritical Fluid Extrac-
tion Apparatus
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Table 1  Operating Conditions used in this Supercritical

Fluid Extraction Experiments

PVAc PS
Temperature [K] 300~373 313~373
Pressure [MPa] 7.95, 14.8 7.95, 14.8
Flow Rate of CO, _ -
([ (STP)/min] 0~5.32 0~3.05

Initial Concentration of
Benzene in Polymer 2.16~22.46 13.01, 17.45

[mass% |
Thickness of Sample 1.0~9.3 0.50, 1.20

[mm]

Mass of Sample [g] 0.10~0.40 0.070~0.20
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Fig. 3 Comparison of Vacuum Stripping Experiments
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Nomenclature
C : mass fraction of benzene in polymer [—]
Cp : initial mass fraction of benzene in polymer [-]
D : diffusion coefficient of benzene in polymer [m?-s™']
{ : a half of sample thickness [mm]

M, : total amount of diffusing benzene which has extracted

Al 2EE  Sekiyu Gakkaishi,
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from sample polymer at time ¢ [g]
M « : total amount of diffusing benzene which has ex-
tracted from sample polymer after infinite time,

equals to initial content of benzene in the sample po-

lymer [g]

t: time [s]

x : position variable inside the sample film [m]
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Summary

Supercritical Carbon Dioxide Extraction of Benzene
in Poly(vinyl acetate) and Polystyrene

Masakazu Sasaki, Shigeki TAkisHIMA, and Hirokatsu MASUOKA

Faculty of Engineering, Hiroshima University,
Shitami, Saijo-cho, Higashi-Hiroshima 724

In order to test the applicability of the supercritical
fluid extraction technique to the separation of impurities
in polymers, separation of benzene from two polymers
of poly(vinyl acetate) and polystyrene was carried out
using supercritical carbon dioxide.

Figure 1 shows a schematic diagram of the supercritical
fluid extraction apparatus. It consists of the following
sections: (1) compression of carbon dioxide, (2) extraction,
and (3) control and measurement of carbon dioxide flow
rates.
which had dissolved a known quantity of benzene, was
placed in the extraction cell. The concentration of
benzene in the sample polymer before and after

A sample polymer disk of known dimensions

extraction was determined using a gas chromatograph.
Table 1 gives the conditions used in the experiments.

Vacuum stripping (a conventional separation method)
was performed along with the supercritical fluid
extraction method for the benzene+poly(vinyl acetate)
system. It appeared that the supercritical fluid
extraction method was able at near room temperature to
remove benzene more rapidly and to lower concentrations
than vacuum stripping, as shown in Figures 2 and 3.

The flow rate of carbon dioxide had but slight
influence, under the conditions used, on the experimental
results. Hence, if the mass transfer resistance of benzene
is separated into two parts, i.e., one in polymer phase
and the other in the supercritical carbon dioxide phase,
it is evident that the mass transfer of benzene is
controlled by the polymer phase (Figs. 4,5).

Extraction experiments were carried out varying
initial concentration of benzene in poly(vinyl acetate);
the results seemed but little affected by varying the
initial concentration (Fig. 6).

Extraction experiments were also carried out with
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samples of different thicknesses in the poly(vinyl
acetate) system. After 55 minutes the yield of extraction
increased up to 99.8% at 313 K and 7.95 MPa when the
sample thickness was 0.5 mm. However, the yield
decreased with increasing sample thickness (Figs. 7,8).

The experimental results after 1h at temperature
range of 300~373 K and pressures of 7.95 MPa and
14.8 MPa are shown in Figure 9. The rate of extraction
of poly(vinyl acetate) system was much greater than that
of the polystyrene system. As for the effect of pressure,
extraction at 14.8 MPa could be performed with a
greater rate than at 7.95 MPa; on the other hand, the
effect of temperature seemed rather complex. Yields of
extraction of the poly(vinyl acetate) system at 7.95 MPa
and 14.8 MPa increased with increasing temperature.
The experimental results of the polystyrene system at
14.8 MPa showed a tendency similar to that of the
poly(vinyl acetate) system. However, the experimental
results of the polystyrene system exhibited a minimum
at 343 K and at 7.95 MPa.

The diffusion coefficient of benzene in polymers in
the presence of supercritical carbon dioxide was
evaluated from the experimental data by using a sim-
ple mass transfer model (Figs. 10,12). The calculated
diffusion coefficient of benzene in poly(vinyl acetate)
was found to be about midway between the value in
supercritical carbon dioxide and that in poly(vinyl
acetate) in the absence of supercritical carbon dioxide
(Fig. 11). The calculated diffusion coefficient was more
than 6 orders larger than that in poly(vinyl acetate) in
the absence of supercritical carbon dioxide. This was
the consequence of dissolution of supercritical carbon
dioxide into the polymer.

Benzene, Carbon dioxide, Diffusion, Mass transfer, Polymer, Supercritical fluid extraction
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