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ABSTRACT: To investigate the effect of alkane molecular
structure on the volume expansion of CO, + alkane systems, the
solubility of CO, in hexane, octane, decane, and cyclohexane and
the volume of CO, + alkanes at different temperature and pressure
was measured with a PVT apparatus. The results imply that the
dispersion state of CO, molecules in the alkane phase under near
critical or supercritical condition of CO, plays a dominate role in
increasing the volume of CO, + alkane systems. The solubility of
CO, in the alkanes, the volume expansion of the CO, + alkane
systems, and the London force operating within alkane molecules
are strongly influenced by molecular structure of the alkanes and
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B INTRODUCTION

Supercritical fluid is extensively used in many industrial
processes. Because of the special characteristics, CO, is one
of the most popular materials and is widely utilized for
supercritical fluid technology in different industrial pro-
cesses.' > Nowadays, how to utilize CO, to enhance oil
recovery (EOR) is paid more and more attention by petroleum
engineers, not only because of the particular property of CO,
for enhancing oil recovery but also because CO, is one of the
greenhouse gases which has already affected the global climate.®
Researches show that for CO, EOR the oil recovery rate can be
enhanced usually up to 8 to 16 % of the original oil in place.”®
Meanwhile, part of CO, injected into the reservoirs could be
sequestrated in the reservoirs geologically.

When CO, is injected into oil-bearing reservoirs, as CO,
being dissolved in crude oil, the oil volume swells, the oil
viscosity is reduced, and CO, and oil could be miscible when
the reservoir pressure is high enough, which are considered to
be main contributions for EOR by CO, injection.”™"> The oil
swelling effect can be accurately quantified under reservoir
conditions,"*"* and the similar phenomenon of the CO, + oil
or organic liquid system has also been reported in many papers
on other chemical processes."®! It is well-known that CO, is
preferable to be dissolved in the light fractions rather than
heavy fractions of oil.'> The change of oil properties mainly
results from CO, dissolving in oil and is affected by the
dispersion property of CO, in the oil. Therefore, the research
on the dispersion property of CO, in oil could provide a better
understanding of CO, dissolving in oil, oil volume expansion,
and the miscibility between CO, and oil for EOR and other
chemical processes.

In this work, the solubility of CO, in hexane, octane, decane,
and cyclohexane and the volume expansion of CO, + alkanes at
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different temperature and pressure were measured, and the
effect of alkane molecular structure and the dispersion property
of CO, in oil on the volume expansion of CO, + alkane systems
were discussed. The data obtained from the experiments were
correlated using the Peng—Robinson equation of state (PR
EOS) with one temperature-independent binary interaction
parameter, as well. The results show that the dispersion state of
CO, molecules in the alkane phase plays a dominate role in
increasing the volume of CO, + alkane systems under near
critical or supercritical conditions of CO,.

B EXPERIMENTS

Materials. Carbon dioxide with a mass purity of 99.7 % was
purchased from Beijing AP Beifen Gases Industry Company.
Cyclohexane (mass fraction purity >0.995) was supplied by
Beijing Modern Oriental Fine Chemicals Co., Ltd. Octane
(mass fraction purity >0.995) and hexane (mass fraction purity
>0.995) were obtained from Kemi'ou, Tianjin, and decane
(mass fraction purity >0.99) was provided by Alfa Aesar.

Experimental Apparatus and Procedure. For the
purpose of measuring the solubility of CO, in alkanes and
the phase behavior of CO, + alkane systems, an apparatus
containing a PVT cell was used. A schematic diagram of the
pressure—volume—temperature (PVT) apparatus (S.T. Ltd,
France) is shown in Figure 1. The pressure was generated with
an automatic pump and was measured with a pressure sensor,
and the temperature of the PVT cell was controlled by an
electric heating system.
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Figure 1. Schematic diagram of the PVT apparatus used in this work (1, visible PVT cell; 2, high-pressure pump; 3, sample cylinder; 4, CCD camera;

S, computer; 6, gas bottle; 7, stirrer).

Table 1. x®®, ), RD, and AARD for the Binary Systems of CO, + Hexane at Different Temperature and Pressure

P/MPa xP & RD %
308.15K, 5, =0.095
3.47 0.444 0.445 —0.23
4.51 0.588 0.584 0.68
5.45 0.740 0.725 2.03
6.36 0.841 0.871 -3.55
6.80 0.897 0.926 —323
AARD % 1.94
323.15K, 5, =0.055
3.74 0.449 0.449 0.00
4.68 0.539 0.552 —2.34
5.65 0.647 0.654 —1.15
6.50 0.772 0.742 3.85
7.30 0.829 0.821 0.93
8.00 0.877 0.886 —1.03
AARD % 1.55

cal

P/MPa x5 x RD %
318.15 K, 5ij =0.065
3.62 0.451 0.449 0.51
4.57 0.546 0.560 —2.54
5.45 0.672 0.661 1.58
6.62 0.810 0.794 1.94
7.32 0.850 0.870 -2.35
AARD % 1.79
333.15 K, 6, = 0.064
3.80 0.404 0.396 1.96
4.92 0.501 0.504 —-0.53
5.55 0.561 0.563 —0.41
6.55 0.672 0.655 2.57
7.69 0.736 0.759 -3.15
8.67 0.838 0.849 —1.31
AARD % 1.66

The temperature was measured with a calibrated thermo-
couple inside the PVT cell, and the pressure of the system was
measured with a digital pressure indicator. A high-pressure
variable view cell, with total sample volume of 240 cm? rated to
150 MPa and 473.15 K and equipped with a magnetic stirrer,
was utilized for the experiment. The visible window was
attached to the front of the cell to obtain full visibility of all the
contents in the cell. The volume of the fluid phase in the PVT
cell can be measured using a CCD camera-based measurement
system with accuracy of 0.01 cm®. The pressure and volume of
the PVT cell can be controlled by a computer. The temperature
can be controlled within + 0.1 K and the pressure within +
0.01 MPa. To measure the solubility of CO, in the alkanes
which are used for this work, a 4 L gasometer (S.T., Ltd.
France) with 0.01 cm® resolution was used for accurate
measurement of gas volume at atmospheric pressure.

Before each measurement, the whole system including the
PVT cell, the lines, and the sample cylinder was cleansed, dried,
and vacuumized. A known volume (V) of alkane was then
injected into the vacuumized cell. The value of V| was
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measured by a CCD system at atmospheric pressure and
experimental temperature, respectively. After the indraw of
alkanes into the PVT cell, the temperature was set to
experimental temperature. The cell was heated, while the
alkane was stirred. After the temperature reached the
experimental temperature and was kept for 20 min, V; was
measured by a CCD system. A sufficient amount of CO, was
pressurized into the cell. After the termination of stirring, as
indicated by the pressure of the cell being maintained for 40
min at the certain temperature and pressure, the system was
considered to have reached the thermodynamic equilibrium
condition. The volume of the liquid phase (V;;) was measured
by a camera-based measurement system, and then samples of
the liquid phase were taken from the lower valves and charged
into a small vacuum steel vessel, which has already been
vacuumized, through a needle valve and capillary (the volumes
were known). The charging process was done slowly to avoid
fast decrease of pressure in the PVT cell. The charged liquid
sample was weighted using a balance with an accuracy of 0.01 g.
The vessel with the sample was cooled in ice water and
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Table 2. x°®, !, RD, and AARD for the Binary Systems of CO, + Octane at Different Temperature and Pressure

P/MPa xS & RD %
308.15 K, 5= 0.092
3.53 0.443 0.437 1.30
4.69 0.574 0.575 —0.17
5.65 0.706 0.700 0.79
6.45 0.804 0.834 -3.73
6.80 0.854 0.903 —5.74
AARD % 2.34
333.15K, 5,=0.077
3.60 0.349 0.354 —1.54
4.58 0.438 0.440 —0.46
5.69 0.520 0.533 —2.50
6.80 0.649 0.624 3.85
7.68 0.697 0.696 0.14
8.46 0.770 0.762 1.07
9.30 0.810 0.839 —3.58
AARD % 1.88

P/MPa xP x RD %
318.15K, 5= 0.087
3.55 0.395 0.396 —0.14
4.46 0.492 0.508 -3.28
5.58 0.618 0.602 2.56
6.58 0.742 0.709 445
7.37 0.797 0.806 -1.13
7.97 0.894 0.893 0.11
AARD % 1.95
343.15K, 5, = 0.082
3.63 0.327 0.320 2.05
439 0.379 0.380 —0.17
5.50 0.449 0.464 -3.30
6.48 0.517 0.536 -3.61
7.60 0.604 0.615 -1.77
8.64 0.706 0.689 245
9.69 0.789 0.767 2.83
AARD % 2.31

Table 3. x®, x°, RD, and AARD for the

P/MPa xP P RD %
308.15 K, 8; = 0.092
3.25 0.404 0.393 2.68
4.46 0.505 0.523 —3.65
5.56 0.649 0.643 0.89
6.31 0.757 0.734 3.01
6.74 0.779 0.802 -3.01
AARD % 2.65
333.15 K, §;=0.083
3.32 0.314 0.316 —0.51
4.53 0.421 0.416 1.19
5.30 0.465 0.475 —2.18
6.55 0.546 0.567 —3.94
7.64 0.659 0.644 233
8.00 0.667 0.669 —0.30
9.91 0.839 0.810 3.49
AARD % 1.99

Binary Systems of CO, + Decane at Different Temperature and Pressure

P/MPa X x RD %
318.15K, &;=0.082
3.37 0.368 0.376 —222
4.47 0.479 0.482 -0.70
572 0.576 0.597 -3.70
6.74 0.722 0.692 417
7.69 0.808 0.789 2.39
8.07 0.817 0.837 —2.40
AARD % 2.60
343.15 K, §;=0.098
3.58 0.300 0.294 2.05
4.55 0.362 0.363 -0.37
5.50 0.436 0.427 2.10
6.90 0.516 0.516 0.00
742 0.547 0.547 0.00
8.80 0.644 0.628 2.44
10.80 0.721 0.742 -2.98
AARD % 142

connected to the evacuated gasometer for measuring the
volume of gaseous CO, at atmospheric pressure. Neglecting the
vapor pressure of the alkane, the volume of the CO, dissolved
in the alkane was measured, and because the pressure of
desorbed gas was at atmospheric pressure, the quantity of CO,
was easily calculated using the state equation for an ideal gas.
The CO, solubility in alkane can be given by the following
relation

ng RT)

where x(, is the solubility of CO, in alkane (mole fraction); R
is the universal gas constant; V is the amount of gas released at

XCo2 = 1)

atmospheric pressure and at the certain temperature; ncq, is
the mole number of CO, dissolved in alkane; and n, is the total
amount of sample that exists in the cell (1, = ncg, + ny,). The
measurement of CO, solubility in alkane is repeated three
times, and the results presented are the average of the
replicates.
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In this work, the volume expansion is described by the
expansion coefficient 7, which is defined as the following

- Vi
VL 2

B MODELING

Equations of state play an important role in chemical
engineering design, and they have assumed an expanding role
in the study of the phase equilibrium of fluids and fluid
mixtures. The PR EOS with one temperature-independent
binary interaction parameter was used to correlate the VLE data
obtained in this work.”” Critical parameters were obtained from
ref 23.

The relative deviation (RD %) and the average absolute
relative deviation percent (AARD %) are defined in the
following equations, and AARD % was minimized to obtain the
values of the binary interactions.

exp _cal
RD% = ' 1009%
xexp

i (3)
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Table 4. x™®, ¥, RD, and AARD for the Binary Systems of CO, + Cyclohexane at Different Temperature and Pressure

P/MPa aP ! RD % P/MPa xP ! RD %
308.15 K, 5”:0.109 318.15K, 5,,:0.116
3.30 0.353 0.349 1.13 3.33 0.300 0.295 1.76
3.60 0.372 0.382 -2.6 4.35 0.391 0.389 0.47
4.52 0.502 0.493 1.79 5.65 0.531 0.519 224
5.50 0.646 0.634 1.79 6.72 0.642 0.650 -1.32
6.50 0.810 0.851 —5.06 728 0.715 0.737 -3.08
7.00 0.904 0.936 —3.54
AARD % 2.67 AARD % 1.77
333.15K, 5:] =0.109 343.15 K, 5:‘;‘ =0.094
3.46 0.260 0.263 —1.03 3.38 0.246 0.247 —0.26
4.54 0.334 0.345 —-3.22 4.51 0.326 0.329 -0.92
5.72 0.443 0.437 1.33 5.52 0.387 0.401 -3.60
6.78 0.514 0.522 —1.51 6.72 0.481 0.487 -1.30
742 0.607 0.578 4.82 7.57 0.561 0.550 1.98
8.60 0.681 0.694 —-1.87 8.58 0.626 0.628 -0.29
9.67 0.740 0.721 2.57
AARD % 2.30 AARD % 1.56
M x,-cal A careful study of Tables 1 to 4 indicated that the results
zi xieXP obtained from the PR EOS can accurately correlate the
AARD % = 100 % experimental solubility data at different pressures and temper-
(4) atures (based on the value of AARD %). The values for the

where N is the number of experimental points. The superscripts
“exp” and “cal” stand for the experimental and calculated values,
respectively.

B RESULTS AND DISCUSSION

Solubility of CO, in Alkanes. Table 1 to Table 4 show the
data of the mole fraction of CO, in the alkanes which was
measured in the experiment and calculated with PR EOS,
respectively. The data of relative deviation (RD %) and the
average absolute relative deviation percent (AARD %) of the
PR EOS from the experimental data were also shown in the
tables.

It can be seen from Table 1 to Table 4 that for all of the
binary systems of CO, + alkane the solubility of CO, in the
alkanes increased as the pressure of the systems increased and
decreased as the temperature of the systems increased. The
value of AARD is less than 2.67 % in the study.

| 7

|
v

h

P/MPa

0.6 0.7 0.8 0.9

xCOZ

Figure 2. Pressure—xcp, diagram of the CO, + hexane system. H,
Literature, correlated data; @, this work, correlated data.
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binary interaction parameters ; at different temperatures were
reported for each specified binary system.

The correlated liquid-phase mole fraction of CO, for the
systems of CO, + hexane was compared with those reported by
Lay and Taghikhani at 308.15 K.** The value of AARD % of the
data from the reference and our experimental data is 1.44 %.
The comparison is shown in Figure 2.

Volume of the CO, + Alkane System. The volume
expansion coefficients for each CO, + alkane system under
different conditions were shown in Figures 3 to 6. It is clear

D

(%]
@

N

1

3.0 35 40 45 5.0 55 6.0 65 7.0 7.5 8.0 85 9.0
P/MPa
Figure 3. Volume expansion coefficient 7 of the CO, + hexane system

as a function of pressure. ll, T =308.15K; ®, T=31815K; A, T =
323.15K; ¥, T =333.15 K.

that with increasing solubility of CO, in the alkanes the volume
of the CO, + alkane is expanded with an increase of pressure.
Meanwhile, with an increase of temperature, the solubility of
CO, in the alkanes and volume expansion coefficients of the
CO, + alkane system are decreased. Due to the fact that the
alkenes are expanded with increasing temperature and shrank

dx.doi.org/10.1021/je201114g | J. Chem. Eng. Data 2012, 57, 882—889



Journal of Chemical & Engineering Data

4.

4.0 °

3.5

3.0

=

2.5

2.0

1.5

1

.035404550556.06.57.07.58.08.59.09.510.
P/MPa

Figure 4. Volume expansion coefficient # of the CO, + octane system
as a function of pressure. W, T = 308.15K; ®, T =318.15K; A, T =
33315 K ¥, T = 343.15 K.
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Figure S. Volume expansion coefficient 77 of the CO, + decane system
as a function of pressure. ll, T = 308.15K; ®, T=31815K; A, T =
33315 K ¥, T = 343.15 K.
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P/MPa

10

Figure 6. Volume expansion coefficient # of the CO, + cyclohexane
system as a function of pressure. ll, T = 308.15 K; @, T = 318.15 K;

A T=33315K V¥, T=34315 K
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with reducing of CO, solubility, the reduction of volume
expansion coefficients indicates that a decrease of CO,
solubility in the alkanes plays a dominate role in the volume
expansion of the alkanes.

The volume expansion coefficient for different CO, + alkane
systems under different pressure at 318.15 K is shown in Figure
7 and Figure 8. From Figure 7 it can be seen that for the three

4.0

3.5

3.0

P/MPa

Figure 7. Volume expansion coefficient # of CO, + hexane, CO, +
octane, and CO, + decane as a function of pressure at 318.15 K: H,
CO, + hexane system; @, CO, + octane system; A, CO, + decane
system.

3.5

3.0

2.0

1.5

P/MPa

Figure 8. Volume expansion coefficient # of CO, + hexane and CO, +
cyclohexane as a function of pressure at 318.15 K: M, CO, + hexane
system; @, CO, + cyclohexane system.

straight-chain alkanes, hexane, octane, and decane, as the chain
of the alkane is increased the volume expansion coefficient is
decreased under the same temperature and pressure. The order
of the volume expansion coefficient for the three systems is:
CO, + hexane > CO, + octane > CO, + decane. From Figure 8,
it can be seen that for hexane and cyclohexane the volume
expansion coefficient of CO, + hexane is larger than that of
CO, + cyclohexane.

Forces for the CO, + Alkane System at Equilibrium.
For the CO, molecule dissolved or dispersed into the alkane
phase, there are four main factors that affect the equilibrium
state of CO, + alkane systems at different temperature and
pressure: (1) Force generated by pressure, which squeezes the
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CO, molecule into the alkane phase; (2) the intermolecular
force (attractive force) between CO, molecules and alkane
molecules which drags CO, molecule into the alkane phase; (3)
the intermolecular force operating within alkane molecules
which squeezes the CO, molecule out of the alkane phase and
prevents CO, molecules from getting into the alkane phase;
and (4) Brownian motion of CO, and alkane molecules.

It is well known that the CO, molecule is linear and has no
overall dipole moment, and the alkanes used in the study are
nonpolar molecules. Therefore, the main intermolecular force
operating within the alkane molecules, the CO, molecules, and
between the alkane and CO, molecules is London force
(London dispersion force or dispersion force) which is an
instantaneous dipole-induced dipole force.**The potential
energy between two molecules versus separation contributed
by London force is described by eq 5.2

3h vy %0,1%0,2 1

2 v+ V) (dneg)? 1 (5)
where @ is potential energy; h is Planck’s constant; v; is
characteristic vibrational frequency of electron i (always
negative); @, is polarizability of molecule i; &, is permittivity
of vacuum; and [ is the separation between two molecules.

Dispersion forces depend on two features of molecular
structure. First, they increase in magnitude with the size and
distortability (usually called the polarizability) of the electron
clouds of the interacting particles. Size and polarizability
increase as molecular weight increases. It follows that
dispersion forces increase as molar mass increases. For
substances of large atomic or molecular mass, dispersion forces
are strong enough that the substances are solid or liquid at
room temperature. Second, the larger the surface area of
molecule contact, the stronger the dispersion forces are.
Molecules that are roughly spherical in shape are able to
contact each other only minimally. In contrast, molecules that
are planar or linear in shape can maintain a large surface area of
contact, with correspondingly larger dispersion forces.” It is
also well known that whether or not two liquids are mutually
soluble (miscible) depends on whether the mixed intermo-
lecular forces can compete with the forces operating within
each pure liquid alone. Substance A will dissolve in substance B
if the forces operating between A and B molecules are of similar
type and strength to those operating between A molecules and
between B molecules.”®

Effect of Pressure on the Volume of the CO, + Alkane
System. As discussed above, the intermolecular forces
operating within the alkane molecules, the CO, molecules,
and between the alkane and CO, molecules are London forces.
When the temperature is 308.15 K, due to the distance between
CO, (gas) molecules being large at atmospheric pressure, the
London force between CO, molecules is quite weak, and the
London force between CO, and alkane molecules is very weak,
as well. In this condition, even though the intermolecular force
operating within alkane (liquid) molecules and CO, molecules
is the same type, the strength of the London force operating
within CO, molecules is far less than that operating within
alkane molecules, so it is difficult for CO, to get into the alkane
phase. Therefore, the solubility of CO, in the alkanes is very
low, and the volume of the alkanes does not increase
significantly.

When the temperature is kept constant and with increasing
of pressure, the distance between CO, molecules is reduced
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dramatically. On the basis of eq 5, as the distance between CO,
molecules is reduced, the potential energy and the strength of
the London force operating within CO, molecules are
increased much faster than that of operating within alkane
molecules. As the strength of the London force operating
within CO, molecules is more closed than that of operating
within alkane molecules, the solubility of CO, in the alkanes
becomes larger, and the volume of the alkanes is increased
obviously, as well. During the process of increasing pressure,
the pressure plays a dominate role in squeezing CO, molecules
into the alkane phase. Due to the CO, molecules being
squeezed into the alkane phase, the distance between alkane
molecules is increased. Therefore, the London force operating
within alkane molecules which tends to squeeze the CO,
molecule out of the alkane phase and prevent CO, molecules
from getting into the alkane phase is reduced. Meanwhile, the
London force between CO, molecules and alkane molecules
which tend to drag the CO, molecule into the alkane phase is
increased, also. The variation of these intermolecular forces
results in that the solubility of CO, in the alkanes is increased,
and the volume of the CO, + alkane systems increased much
faster than the solubility of CO, in the alkanes when the
pressure is close to the critical pressure or under supercritical
pressure of CO,.

It is clear that at the experimental condition, when CO, is in
the near critical or supercritical state, the London force
operating within CO, molecules is still smaller than that
operating within the alkane molecules, and there is an obvious
interface between CO, and alkane phases. Because the pure
alkanes are quite difficult to be condensed alone in the
experimental conditions, the main reason for volume expansion
of CO, + alkane systems is that with increasing pressure and
the variation of the intermolecular forces operating within the
alkane molecules, the CO, molecules, and between the alkane
and CO, molecules the distance between the alkane molecules
is increased as the CO, molecules are squeezed into the alkane
phase. Figure 9 shows that the solubility of CO, in hexane is

o4
0.8 g
L ]
0.7 A
§ =
e
0.6
")
0.5
L |
04 7 5 5 7
P/MPa

Figure 9. Solubility of CO, in hexane and volume expansion
coefficient of CO, + hexane vs pressure at 308.15 K: M, solubility of
CO, in hexane; A, volume expansion coefficient of CO, + hexane.

increased linearly with an increase of pressure. However, the
volume expansion coefficient of CO, + hexane is increased
exponentially with an increase of pressure at 308.15 K. This
phenomenon, which can be observed for all the CO, + alkane
systems in this work, indicates that the dispersion state of CO,
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molecules in the alkane phase under near critical or supercritical
condition of CO, plays a dominate role in increasing the space
between alkane molecules and the volume of CO, + alkane
systems.

Effect of Temperature on the Volume of the CO, +
Alkane System. The experimental results of the study show
very clearly that for all of the CO, + alkane systems when the
pressure is constant, with an increase of temperature, the
solubility of CO, in the alkanes and the volume of the CO, +
alkane systems are decreased. It is quite understandable that as
temperature increases the distance between CO, molecules,
alkane molecules, and CO, + alkane molecules is increased. On
the basis of eq 5, as a result of increasing the distance between
molecules, the intermolecular forces operating within the
alkane molecules, the CO, molecules, and between the alkane
and CO, molecules are decreased dramatically.

It is important to realize that the dispersion forces that
operate between molecules are generally weaker, the potential
wells generated by dispersion force in the range (0.1 to S)
kJ-mol~'.** As temperature is increased, the Brownian motion
of molecules is enhanced, which makes CO, molecules get off
the drag of alkane molecules by London force and promotes
the escape of CO, molecules from the alkane phase. Therefore,
the solubility of CO, in the alkanes and the volume of CO, +
alkane systems are decreased with increasing temperature.

Effect of Alkane Molecular Structure on the Volume
of the CO, + Alkane System. As discussed above, the
solubility of CO, in the alkanes and the volume of the CO, +
alkane systems are affected by the distance between CO,
molecules, alkane molecules, and CO, + alkane molecules
and the intermolecular forces operating within the alkane
molecules, the CO, molecules, and between the alkane and
CO, molecules. The effect of molecular structure of alkanes on
the solubility of CO, in the alkanes and the volume of the CO,
+ alkane systems is strong, as well.

The length of CO, molecule is about 0.33 nm,”” and for
alkane, the carbon skeleton is a coplanar twisted chain; the
angle of C—C—C is 109.47°; the length of the C—C bond is
0.154 nm; and the van der Waals radius of the —CHj group is
020 nm.*® The length of the alkane molecule could be
calculated as follows

L = [154~sin(

where L is the length of the alkane molecule, and a is the
carbon number of alkane. So the length of the hexane molecule
is 1.03 nm, which is about 3 times longer than the CO,
molecule. Because the shape of hexane, octane, and decane
molecules is linear, the molecules are able to contact each other
along the entirety of their length. Therefore, for the longer
molecule, the molecules have a larger surface area of contact,
with correspondingly larger dispersion force. Consequently,
under the same pressure and temperature, the solubility of CO,
in the alkane and the volume of the CO, + alkane systems are
decreased as the length of the alkane molecule increases. This
phenomenon indicates that the longer the alkane molecule, the
stronger the London force between the alkane molecules, and
the CO, molecules are more difficult to be squeezed into the
alkane phase.

For the systems of CO, + hexane and CO, + cyclohexane,
the cyclohexane molecule has the shape of chair or boat. The
cyclohexane molecules have a large surface area of contact and

109.47°

)(a -1)+ 2-200] ©)
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larger dispersion force than hexane molecules. Therefore, under
the same pressure and temperature the solubility of CO, in
cyclohexane and the volume of the CO, + cyclohexane are less
than that of hexane and the CO, + hexane system.

It also should be noted that London force is also affected by
the polarizability of the molecule. For the alkane with a shorter
alkyl chain, the molecular length is shorter, and the polar-
izability is weaker; therefore, the London force is smaller and
the distance between the alkane molecules is bigger. Therefore,
it is easier for CO, molecule to be squeezed into the alkane
with shorter alkyl chain, and the solubility of CO, in alkane
increases as the alkyl chain length of the alkane decreases.
Because of the difference of London force and the distance
between alkane molecules with different length of alkyl chain,
the dispersion state of CO, in the alkanes should be different
under the same temperature and pressure, as well.

B CONCLUSIONS

On the basis of this study, the following conclusions can be
made:

1. The dispersion state of CO, molecules in the alkane
phase under near critical or supercritical conditions of
CO, plays a dominate role in increasing the volume of
CO, + alkane systems.

2. Pressure and the London force operating within alkane
molecules play a dominate role in squeezing CO,
molecules into the alkane phase, the solubility of CO,
in the alkanes, and the volume expansion of CO, +
alkane systems.

3. The solubility of CO, in the alkanes, the volume
expansion of the CO, + alkane systems, and the London
force operating within alkane molecules are strongly
influenced by molecular structure of the alkanes.
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