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ABSTRACT: The solubility of 9H-carbazole in sub- and supercritical propane has been measured using a static view cell at pressures
from (4.3 to 10.0) MPa and temperatures from (323 to 405) K. The mole fraction of 9H-carbazole varied from 4+10 > to 410 *
over the experimental range studied. The solubility of 9H-carbazole in propane is 1 order of magnitude higher than that of
9H-carbazole in CO, for similar values of the reduced pressure and temperature, which highlights the excellent solvent properties
of propane relative to CO, for the extraction of polyaromatic compounds. The experimental solubility data were correlated with
the Peng—Robinson equation of state using six different sets of mixing rules for the estimation of the mixture parameters ay; and by.
Good fits of the experimental results were obtained for all of the mixing rules tested, especially for those involving two adjus-
table parameters; the absolute average percentage deviation (AAPD) was 16.4 % for the best fit. In addition, the empirical equa-
tion of Chrastil was used to model the experimental solubility, and a similar AAPD (16.6 %) was obtained. In this case, because
of the simplicity of the empirical model, three adjustable parameters were required for the adjustment. Both of the mathematical
expressions evaluated (Peng—Robinson and Chrastil) can be used for the prediction of the solubility of 9H-carbazole in propane.

1. INTRODUCTION

Over the years, supercritical fluid (SCF) solvents have been
used in a large number of extraction processes. In most studies,
supercritical CO, has been the solvent of choice because of its
relatively low critical temperature and pressure, high purity at
low cost, and its ability to serve as an environmental friendly
replacement for traditional organic solvents.

Among other extraction processes, supercritical fluid extrac-
tion (SFE) of polycyclic aromatic hydrocarbons (PAHs) has
received much attention for its possible application to remove
this type of compound from soils, spent catalysts, and sludges for
either analytical or remediation purposes.' > At present, it can be
stated that SFE using carbon dioxide is a quite well established process
that in the case of the food industry has been used commercially
for more than 3 decades.

In contrast, there is another very interesting area of SCF tech-
nology in a later state of development. It deals with the use of
the supercritical solvent in reactions where it may either actively
participate in the reaction or function only as the solvent medium
for reactants, catalysts, and products. Examples of both uses involv-
ing PAHs have been reported elsewhere.® ™

In current research, a common factor that is considered
important for both SCF applications (extraction and reaction) is
the need for a thorough understanding and knowledge of the
solubility of the compounds of interest in the SCF. These are
required for the design of the operation units and the develop-
ment of the extraction or reaction models and are used as a first
approach to establish the technical and economic viability of the
SCF process.

Solubility data in supercritical CO, have been tabulated in the
literature for a large number of aromatic substances.' ™' However,
solubility studies of these compounds in other solvents, while scarce,
are necessary because for the above-mentioned reasons.'>” *°
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Table 1. Molar Mass (M), Normal Boiling Temperature
(Tvp), Melting Temperature (T,,,), Critical Temperature
(T.), Critical Pressure (P.), and Acentric Factor w for
9H-Carbazole and Propane

compound M/g-mol” ' Ty,/K Tpp/K TJ/K P/MPa o

propane 44.095628 231.06° 855" 369.825° 4.24766° 0.1518¢
9H-carbazole 167.20660° 6282° —  901.8'  3.1309/ 0.461

“Value taken from ref 24. ® Value taken from ref 25. ¢ Value taken from
ref 26. “Value taken from refs 27 and 28. ¢ Value taken from ref 29.
fValue taken from ref 30. 8 Value taken from ref 31.

In particular, we have not found any report on the solubility of
9H-carbazole in propane.

In this work, considering that the solvent properties of propane
may be superior to those of CO, for 9H-carbazole'>*"** and also
taking into account the low critical constants and large availability
of this solvent, we measured the solubility of this heterocyclic
aromatic compound in sub- and supercritical propane between
(323 and 405) K at pressures in the range (4.3 to 10.0) MPa.
We also compared the experimental solubility to that obtained
using CO,,”® the SCF solvent most commonly used. In addition,
the solubility data were modeled with the Peng—Robinson
equation of state (using different sets of mixing rules for the calcu-
lation of the parameters ay; and by;) and the empirical equation
of Chrastil.
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Figure 1. Layout of the experimental setup.

2. EXPERIMENTAL SECTION

2.1. Materials and Experimental Setup. Propane (mass frac-
tion 0.995, Praxair) and 9H-carbazole (mass fraction 0.980, Aldrich)
were employed without further purification. The main physical pro-
perties of 9H-carbazole and propane are shown in Table 1. The
molar volumes of propane were obtained from NIST.** The vapor
pressure of 9H-carbazole (P3%,,01) Was calculated using eq 1.”

5288.4
T/K

VA

log (P28 1o/Pa) = 14.04 —

(1)

The solubility of 9H-carbazole in propane was measured using an
experimental setup (R100CW) supplied by Thar Technologies, Inc.
(Pittsburgh, PA), as shown in Figure 1. The setup consisted of a view
cell (volume 0.1 L) with two sapphire windows mounted 90° apart
for the observation and recording of the phase behavior inside the
cell using a camera and an illumination source. It was equipped with
a pressure transducer, a temperature controller (with embedded
heaters), a high-pressure motor-driven mixer, and a pressure pump
(P-50, Thar Technologies). A cooling system was used to cool the
propane before it was pumped to the solubility determination equip-
ment. The camera, which was connected to a PC, allowed the
observation and recording of the phase behavior inside the cell under
all of the pressure and temperature conditions tested.

For decompressing the system, a metering valve (labeled MV
in Figure 1) with a heating device was used. A filter protected
the metering valve against blockage due to solidification of 9H-
carbazole during decompression.

2.2. Experimental Procedure. To obtain the static solubility
data, a given amount of 9H-carbazole was placed inside the cell.
After that, the cell was closed and heated to a given temperature
by means of the embedded heaters and the temperature controller.

Once the set temperature was reached, the mixer was switched
on and the propane pumped into the cell. To determine the 9H-
carbazole solubility, the pressure was increased (under isother-
mal conditions) in short intervals of (0.2 to 0.4) MPa until the
point at which only one phase was observed through the sapphire
window. Between intervals, the pressure was held for about 300 s
before the next increase. The experiments were recorded on the
PC connected to the camera. This allowed the subsequent
viewing of the phase equilibrium images with their correspond-
ing real-time pressure and temperature data. The solubility was
determined from the amounts of 9H-carbazole and propane
loaded into the cell. The reported solubility data are means of two
replicated experiments.

The experimental pressure and temperature conditions used
in each experiment are marked in Figure 2, where the regions for
the liquid, vapor, and supercritical (SC) states of propane are also
indicated. Dotted lines are also drawn in Figure 2 to indicate the
quasi-isobars at which the temperature effect was investigated. In
view of the fact that with the solubility measurement equipment
described above (see section 2.1) it was extremely difficult to fix
the exact pressure value at which the solute solubility would be
determined prior to performing the experiment, pressure values
differing by less than 0.2 MPa were considered to belong to the
same isobar.

Finally, it should be mentioned that according to the manufac-
turer’s specifications of the equipment, the standard uncertainty
in the cell volume was 0.08 mL, and the possible pressure and
temperature variations in the cell were in the ranges &= 0.2 MPa
and £ 3 °C, respectively. On the other hand, the uncertainty
associated with the propane density was 2.3 %, as estimated on
the basis of three major influences: pressure and temperature
effects on the density and the uncertainty in the reference data for
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Figure 2. Experimental conditions and quasi-isobars marked on the
phase diagram of propane.

the density.”> According to the relationship between the mass
and density of propane (i.e., Mpropane = P+ V, in which p and Vare
the propane density and the volume of the cell, respectively), the
relative combined standard uncertainty in the propane mass,
ur(mpropane)) was 0.023 [i'e') ur(mpropane) = AWlpropzme/"npropame =
0.023]. The uncertainty in the mass of 9H-carbazole was 0.5 mg,
according to the balance calibration certificate and the manufac-
turer recommendations. The standard uncertainties in the 9H-
carbazole and propane molar masses® were (0.00553 and
0.00142) g-mol ', respectively. Lastly, all of these uncertainty
data and an error propagation analysis®*** allowed the uncer-
tainty in the 9H-carbazole mole fraction to be estimated. The
results obtained are shown Table 2. It can be observed that
in all cases, the relative uncertainty in the mole fraction of
9H-carbazole, u,(y,), is less than or equal to 0.066 [ie, u(y,) =
Ay,/y, < 0.066].

3. RESULTS AND DISCUSSION

Table 2 shows the solubility of 9H-carbazole in propane (expressed
as the mole fraction of 9H-carbazole, y,) obtained in the experi-
ments carried out in this work. The y, values obtained are in the
range from 4.5 - 10" > to 4.2 - 10~ * which is equivalent to solubility
values from (0.17 to 1.58) (mg of 9H-carbazol) - (g of propane) . Tt
can be observed that isothermal increases in pressure caused
increases in the amount of 9H-carbazole that propane can
solubilize. On the other hand, it may also be observed that at
the higher pressures tested (above 6 MPa), isobaric increases in
temperature led to increases in the solubility. However, at press-
ures below 6 MPa, although the trend continued (increasing
solubility with isobarically increasing temperature), it was less
pronounced. In regard to the solubility of 9H-carbazole around
the critical point of propane, its variation with temperature and
pressure was similar to that found over the whole region investi-
gated, as can be inferred from the experimental data in Table 2.

As will be shown below, these results are closely related to the
dependence on temperature and pressure of both the propane
density and the 9H-carbazole vapor pressure, which are the main
parameters influencing the solubility of the solute. It should be
noticed that the effect of these variables (fluid density and solute
vapor pressure) on solute solubility has been reported elsewhere
for a number of systems.>**’ In general, it has been found that
the higher the fluid density, the larger its solvent power, and on
the other hand, the higher the solute vapor pressure, the larger its
solubility.

Table 2 shows not only the results obtained in the experiments
but also the values of the density of propane and the vapor

Table 2. Experimental Data for the Solubility of 9H-
Carbazole in Propane (y,), the Density of Propane (p,ropane);
and the Vapor Pressure of 9H-Carbazole for the Different
Operation Conditions Studied

T/K P/MPa 3"  u(3)" Ppropanc/kg'm > P0’/MPa

323 86 45-10°°  0.066 477.3 4730-10"°
100  S51-107°  0.058 4817 4.730-10°

333 44 48-10°  0.066 443.3 1.466-10"°
50  53-10°  0.061 446.3 1.466-10"°

53 58-10°  0.056 447.9 1.466-10"°

54 66+107°  0.050 448.4 1.466-10"°

80 86-10° 0.041 460.0 1.466+10"°

351 43 1.0-107*  0.040 399.5 9.545-10°
65 13-10* 0034 4184 9.545-10®

76 16-10°*  0.030 4256 9.545-10°

86 1.8-10°* 0.029 4312 9.545-10" ¢

370 50  1.8-10°% 0032 3352 5.660-107
58 1.8-10 % 0.030 357.8 5.660-10 7

79  22-100% 0028 385.7 5.660-10"7

388 58  93-107°  0.067 2274 2.602-10°
60 16-10°* 0.040 250.1 2.602-10°

65 21-10°* 0032 288.1 2.602-10°

68 25-100% 0029 300.5 2.602-107°

71 27-100%  0.028 313.0 2.602-107°

76 3.1-100% 0026 3259 2.602-10°°

405 50  20-10°*  0.066 105.4 9.706-10°
69 24-10°* 0035 207.0 9.706-10°

71 37-100%  0.028 2227 9.706-10°

74 42-100%  0.026 242.0 9.706-10°

“Mole fraction of 9H-carbazole. ’ Relative combined standard uncer-
tainty in the 9H-carbazole mole fraction: u,(y,) = Ay,/y,. * Data taken
from ref 24. ¢ Data taken from ref 32.

pressure of 9H-carbazole under the corresponding operation con-
ditions. It can be observed that isothermal increases in pressure
lead to increases in the density of propane, whereas isobaric
increases in temperature cause decreases in this parameter.
Likewise, it can be seen that the vapor pressure of 9H-carbazole
increases exponentially with temperature. According to these
observations, high values of pressure must favor increased solu-
bility because of the higher values of the propane density. Never-
theless, high temperatures cause contrary effects on the main
parameters affecting the solubility. Specifically, increasing the
temperature on one hand results in a decrease in the density of
propane (and its solvent power), a fact that has a negative effect
on the solute solubility, and on the other hand causes an increase
in the 9H-carbazole vapor pressure, which has a positive effect on
the solubility.

Therefore, the increase in the 9H-carbazole solubility obtained
by increasing the pressure at constant temperature can be explained
by the effect of pressure on the density of propane. On the other
hand, the variations of solubility attained by isobarically increas-
ing the temperature should be attributed to the combined effect
of temperature increase on the propane density and 9H-carbazole
vapor pressure. Thus, for pressures below 6 MPa, a significant
decrease of the propane density is observed at temferature values
above the supercritical temperature of propane.”* However, at
pressures above 6 MPa, a softer decrease in the propane density
relative to that observed below 6 MPa is associated with isobaric
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Figure 3. Experimental data for the solubility of 9H-carbazole in propane as
afunction of temperature together with the corresponding propane densities
and 9H-carbazole vapor pressures. Mole fraction of 9H-carbazole in propane
(72): ®,P=5.0MPa; 0, P=7.5 MPa. Propane density (0propane): black solid
line, P = 5.0 MPa; gray solid line, P = 7.5 MPa; 9H-Carbazole vapor pressure
(PER azote): black dashed line.

Table 3. Comparison of the Solubilities of 9H-Carbazole (y,)
in Propane and CO,

COy* propane (this work)

T T/K PS P/MPa 10°y, T T/K P P/MPa 10°-y,

1.01 308 131 10.3 143 100 370 1.36 5.8 18.5
1.01 308 1.54 12.1 162 105 388 1.51 6.5 21.2
“Data taken from ref 23. ° T, = T/T.. °P, = P/P..

increases in temperature. As a result of this fact, increasing the
temperature isobarically at pressures above 6 MPa causes the
effect of the solute vapor pressure on the 9H-carbazole solubility
to clearly dominate over that of the fluid density. As a consequence,
the solubility of 9H-carbazole increases in a more pronounced
way with isobaric increases in temperature at pressures above
6 MPa. These effects can be observed graphically in Figure 3, which
shows the results for the solubility of 9H-carbazole as a func-
tion of temperature at constant values of pressure [concretely,
(5.0and 7.5) MPa] together with the corresponding values of the
fluid density®* and solute vapor pressure.

In regard to the use of propane rather than supercritical CO,
(the SCF solvent most commonly used), the results obtained in
this work were compared to those reported by Goodarznia and
Esmaeilzadeh.> Table 3 shows a comparison of the 9H-carbazole
mole fractions in propane and CO, for similar values of the reduced
temperature and pressure (T}, P,). Treatment of solubility data in
this manner removes the effect of proximity to the critical point.
It can be observed that in all cases the y, values in propane are
1 order of magnitude larger than those reported for CO,. These
observations are indicative of the excellent solvent properties
of propane relative to supercritical CO, for the extraction of
polyaromatic compounds.

3.1. Data Correlation: Peng—Robinson Equation of State.
The fundamental relationship expressed by eq 2 can be used to
calculate the solubility of a solid solute in equilibrium with a fluid
at high pressure:

P 1 - (P — PyY)
Pl 1 [ PP
P of P R-T

Y2 = (2)

where y, is the mole fraction of the solute, P,"** and v,*" denote
its saturated vapor pressure and solid-state molar volume, respec-
tively, P and T are the equilibrium pressure and temperature,
respectively, R is the universal gas constant, and ¢} is the fugacity
coefficient of the fluid phase (which is indicative of the nonideal
behavior of the fluid phase). As indicated above, the saturated
vapor pressure of 9H-carbazole was estimated using eq 1, and
a value of 1.51:10 * m®-mol ™" was used for the solid molar
volume.® For the calculation of the fugacity coefficient (pg, cubic
equations of state are often used, as these semiempirical equa-
tions offer simplicity and accuracy. Among the most commonly
used cubic equations of state is the one proposed by Peng and
Robinson, which involves the use of two parameters (a and b for
pure components).>

To extend the Peng—Robinson equation of state to mixtures
of components, the mixture parameters (ay; and by;) are adopted.
These mixture parameters involve the pure-component param-
eters a; and b; and the mole fraction y; of each component i in the
mixture and can be estimated from eqs 3:

auv = ZZ ,yi')’j'aij
L

3
by = 23y, (3)
i

For the calculation of a;; and by, different sets of mixing rules can
be used. In this work, six different sets of mixing rules (sum-
marized in Table 4) were tested for the estimation of a; and b;; in
order to improve the correlation of the experimental solubilities.
These mixing rules involve the calculation of adjustable param-
eters (ki,, 015, and ky; ). The Newton method was used to obtain
the optimal values of the adjustable parameters by comparing the
values of the mole fractions calculated with the Peng—Robinson
equation (y5"°) to the experimental ones (y,)."* The objective
function (OBF) given by eq 4 was minimized for each mixing rule
tested:

_ ,caled
n yz;i yZ,i

OBF =) ~—— (4)

i—1 Y2,

In this equation, n is the total number of experimental 9H-
carbazole mole fractions.

Likewise, in order to evaluate which of the mixing rules allowed
the best correlation of the experimental solubilities of 9H-carbazole
in propane over the range of temperature and pressure studied, the
absolute average percentage deviation (AAPD) of the calculated
results was determined for each set of mixing rules using eq 5:

Y2 — ysu
(100 %)

AAPD = [ > . (5)

pay Y2, n
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Table 4. Sets of Mixing Rules for the Calculation of the Mixture Parameters ay; and by, of the Peng—Robinson Equation

set 1 set 2
aij ai; = (“i'ﬂj)l/z'(l - kii) aij = (“i'“;‘)]/z'(l - kii)
bxj bi/ = (bx + bj)/z bx/ = [(bi + b/)/z] : (1 - 6:;‘)
observations k= ki ki =0 ki = kjiy ki = 0, 8;; = 0, 0= 0
refs 39 40, 41

set 4 set S
ajj aij = [(ax + aj)/z] '(1 - ku) aj = (ax'“/)l/z'(l - kx])
by by =[(b; + b;)/2]-(1 — 0) b; = (hf‘bj)l/z‘(l —0y)
observations ki = kjy ki =0, 0= 0, ;=0 ki = kjy ki =0,0; =0, 0; =0
refs 15 15

set 3

a; = (“i'“j)l/z'(l - kii)

b; = [(bi1/3 + b;l/S)B/gJ -(1—9y)
ki = kjy kij =0, 05 =0, 0;=0

23

set 6
ag = (a;a)"*[1 = ky + (ky —
by = (b + b)/2
kyj # ki ki =0
41,42

kj!) 'yx]

Table 5. Optimal Values of the Adjustable Parameters for the Calculation of the Mixture Parameters ap; and by in the
Peng—Robinson Equation and Absolute Average Percentage Deviations (AAPDs) between the Calculated and Experimental
Solubility Values for the Different Sets of Mixing Rules Evaluated (Values in Italics for Each Parameter Specify the 95 %

Confidence Interval)

mixing rule set ki
1 0.1281 +0.0038 -
—0.0318
2 0.0370 +0.0083 —0.2373
—0.0230
3 0.0379 +0.0083 —0.3787
—0.0231
4 0.5519 +0.0077 —0.1408
—0.0070
S 0.0371 +0.0083 —0.4653
—0.0230
6 —0.5000 +20.7738 -
—218.3975

O ko AAPD/%
- 22.09
+0.0587 - 16.84
—0.0252
+0.0657 - 16.85
—0.0281
+0.0327 - 16.40
—0.0581
+0.0694 - 16.84
—0.0299
0.1238 +0.0056 21.99
—0.0334

The results obtained from the correlations of the experimental
results using the Peng—Robinson equation of state with various
sets of mixing rules are shown in Table 5, which summarizes the
optimal values of the adjustable parameters (with their corre-
sponding 95 % confidence intervals written in italics) as well as
the AAPDs of the calculated solubility values. Before the fitting
results are discussed, it should be pointed out that for mixing rule
set 6, the optimal value obtained for parameter k12 (around —160)
had no physical meaning, and for this reason, the optimization
method was run with this parameter restricted to values from
—0.5 to 0.5. This is probably the reason that the 95 % confidence
interval obtained for k5 is so wide in that case.

Regarding the fitting accuracy, it can be observed from Table S
that mixing rule set 1 presented the highest AAPD value (22.1 %)
and thus the worst adjustment results, as should be expected
since it involves the use of only one adjustable parameter. On the
other hand, mixing rule sets 2 to S presented smaller values of
the AAPD (around 17 %), which can be explained by the fact that
two adjustable parameters are used to correct the values of the
mixture parameters ap; and by Among these, set 4 yielded the
best fit of the experimental results. Lastly, it can be seen that
although mixing rule set 6 involves the use of two parameters, its
AAPD was similar to that obtained with set 1. Therefore, for the
case studied (the solubility of 9H-carbazole in propane), the use
of set 6 is not recommended. Nevertheless, it should be noted
that the differences between results predicted by the different
sets of mixing rules were not statistically significant (with 95 %

probability), as inferred from null-hypothesis significance
testing.43

Finally, a sensitivity analysis of the models (Peng—Robinson
equation with different sets of mixing rules) was performed by
varying the values of the fitted parameters by = 10 %. In the case
of set 1, variation of the fitting parameter k1, by & 10 % caused
increases of less than 9 % in the AAPD. For sets 2, 3, and S,
variation of the fitting parameters k5 and 0, produced similar
results: weak sensitivity of the models to the value of ki,
(variations of £ 10 % led to increases in AAPD smaller than
1.5 %) and a strong sensitivity to the value of J;, [variations of £+
10 % produced AAPD increases between (S and 12) %]. In the
case of set 4, the model predictions were strongly related to the
value of ky, [variations of (—10 and +10) % in this parameter led
to variations of (600 and 80) %, respectively, in the AAPD value]
but showed a very weak sensitivity to the value of the other
parameter, O ,. For set 6, it was found that the model predictions
were not dependent on the variation of the parameter k;, by £
10 %. This observation is probably related to the wide confidence
interval of the parameter, as mentioned above. On the contrary,
the model was sensitive to k;,, as the AAPD increased by about
9 % when the parameter was varied by £ 10 %.

To give a visual idea of the correlation of the experimental
results obtained using the Peng—Robinson equation with mixing
rule set 4, Figure 4 compares the experimental and calculated
values of the mole fraction of 9H-carbazole. Generally good
agreement between the experimental and calculated results can

960 dx.doi.org/10.1021/je100923d |J. Chem. Eng. Data 2011, 56, 956-962
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Figure 4. Comparison of the experimental solubility data (y,) with cal-
culated values (y5*“) obtained from the Peng—Robinson equation using
mixing rule 4 and from the Chrastil equation: @, Peng—Robinson equa-
tion; [, Chrastil equation.

Table 6. Optimal Values of the Adjustable Parameters
Obtained from the Correlation of the Experimental Data
with the Chrastil Equation and the AAPD between the
Experimental and Calculated Data (Values in Italics

for Each Parameter Specify the 95 % Confidence Interval)

ap —7.090 +0.496
—0.095
a —5180.001 +181.225
—37.278
a, 2.125 +0.082
—0.018

AAPD/% 16.56

be observed. It should be mentioned, however, that the param-
eters were obtained by fitting of solubility data, which may pres-
ent limitations in the simulation of enthalpies or densities.

3.2. Data Correlation: Chrastil Equation. The Chrastil model
relates the solubility of a solute (y,) in a fluid at high pressure to the
density of the fluid () and the temperature (T) as shown in eq 6:**

lnyzzao—l-a—]iJraz-lnp (6)

where gy, a5, and a, are adjustable parameters. Despite the simplicity
of this equation, it is often used because it provides good correlations
of experimental data. In this work, values of the parameters were
calculated by minimizing the OBF (eq 4), which compares the
experimental (y,) and calculated (y,"'**) values of the mole fraction
of 9H-carbazole. Table 6 summarizes the values of the optimal
adjustable parameters and the AAPD obtained from the correlation
of the experimental data using the Chrastil equation (together with
the 95 % confidence intervals for the adjustable parameters). It can be
observed that the value of the AAPD is very close to that obtained
using the Peng—Robinson equation of state. Nevertheless, it should
be noted that the Chrastil model requires the use of three adjustable
parameters, as opposed to the two adjustable parameters involved in
the correlation with the Peng—Robinson equation. A graphical
comparison of the experimental data and the values of solu-
bility predicted by the Chrastil equation is given in Figure 4. Good
agreement between the experimental and estimated data can be
observed.

Finally, a sensitivity analysis of the Chrastil model was carried
out by varying the values of the fitting parameters ao, a1, and a,
by £ 10 %. It was observed that the model predictions were
strongly dependent on the fitted parameters. Thus, variations of
the parameters by &= 10 % produced increases larger than 35 % in
the AAPD values.

B CONCLUSIONS

The solubility of 9H-carbazole in propane has been measured
by a static method at temperatures from (323 to 405) K and
pressures in the range (4.3 to 10.0) MPa. The values of the mole
fraction of 9H-carbazole varies from 4-10 > to 4+10™ * over the
range of experimental conditions studied. The solubilities of 9H-
carbazole in propane are 1 order of magnitude larger than those
of 9H-carbazole in carbon dioxide (as reported in the literature)
for similar values of the reduced pressure and temperature. This
fact is indicative of the excellent solvent properties of propane
relative to CO, (the SCF solvent most commonly employed) for
use in either supercritical reactions or supercritical extractions
involving 9H-carbazole, the chemical species used in this work as
representative of the PAH family of compounds. The solubility
data were modeled using the Peng—Robinson equation of state,
and six different sets of mixing rules were evaluated; good
agreement of the results was obtained using sets of mixing rules
involving two adjustable parameters (AAPD of 16.4 % for the
best fit). Likewise, the empirical model of Chrastil (which
involves three parameters) was used to correlate the experimen-
tal data and also yielded good agreement between the experi-
mental and modeled results (AAPD of 16.6 %). These results
point out that the mathematical equations proposed (the
Peng—Robinson equation of state and the Chrastil equation)
can be used to predict the solubility of 9H-carbazole in propane
fairly accurately.
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