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Abstract. Enhanced fluid-solid and fluid-fluid interactions due to nanoconfinement in unconventional gas
reservoirs can translate to the hydrocarbon components showing different phase behaviors than those observed
during the bulk phase analysis. Furthermore, desorption of fluids from nanopores during production from
unconventional reservoirs results in reduced reservoir pressure, strengthening the effect of capillarity on the phase
behavior of the hydrocarbons. Efforts are being made to develop and improve phase behavior models to predict
the effect of confinement on phase equilibria of hydrocarbon mixtures in nanopores. Nonetheless, the scarcity of
experimental data revealing the effects of factors such as pore size distribution on adsorption and desorption
behaviors of the hydrocarbon components poses a major impediment to improving the accuracy of the models.
This experimental study investigates the effect of confinement on the phase equilibria of binary mixtures of
Ethane/n-Propane with different compositions in MCM-41 nanoporous material at three different pore sizes of 6
nm, 8 nm, and 12 nm. The condensation pressures of the mixture for these pore sizes are determined from the
mass-pressure isotherms obtained during the adsorption process using a patented gravimetric apparatus. The
variations in the condensation pressures with respect to pore sizes for different compositions of the binary mixture
manifest the effect of capillary pressure and molar fraction on the vapor-liquid equilibrium. Furthermore, a direct
proportionality with the pore size was evident from the results, which agrees with the trends available in the
literature. The results also demonstrate that the relative quantities of the components play a significant role in the
shifting of the phase envelopes of hydrocarbon mixtures. Additionally, the degree of selective adsorption in the
nanopores decreases with an increase in the molar fraction of heavy components. This study presents a new dataset
that improves the current understanding of the phase behavior of hydrocarbon mixtures in nanopores. Moreover,

this investigation can be of great interest to the researchers developing phase behavior models to study vapor-liquid

equilibria of the confined fluids.

1 Introduction

Hydrocarbons have been a vital part of modern human life
for the past century and will continue to satiate the ever-
growing global energy demand in the near future [1].
Hydrocarbons such as ethane (C,Hg) and propane (CsHg) are
the most significant natural organic deposits available in
geological formations, along with methane [2]. In addition,
they are essential for numerous industrial and domestic
applications [3,4]. For example, they are used as a fuel [5-10],
sources for hydrogen and methane production [11,12],
solvents [13], fluids for cooling and heating in the
petrochemical industry [14-16], and catalysts [17].

The bulk thermodynamic properties of pure ethane,
propane, ethane/propane mixture, and their mixtures with
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other fluids in the gaseous or liquid states have been studied
extensively [18-29]. For example, the bulk phase behaviors
of ethane and propane gases were determined using statistical
thermodynamic approaches for a wide range of temperatures
(0 to 1,500 K) at atmospheric pressure [30]. In addition, phase
behaviors of various mixtures containing ethane, propane, or
both and other fluids such as Xenon [31], hydrogen [32],
water [33,34], CO; [35,36], hydrate [37], sunflower oil [38],
bitumen [39], and other hydrocarbons [40-45] have been
evaluated at different conditions. However, only a few studies
investigated the phase behavior characteristics of ethane and
propane and their mixtures in confined spaces, which
significantly differ from those observed in bulk conditions
[46,47]. This difference is attributed to the effects of
confinement, which are governed by intensified fluid-fluid
and solid-fluid interactions. Such interactions control the
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flow of confined fluids in porous media, resulting from
altered phase behavior due to nanoconfinement.

Understanding the phase behavior of fluids in
nanoconfinement is critical for several disciplines in science
and engineering, such as geochemistry [48], hydrogen storage
[49], catalysis [50], heat transfer [51-53], and drug delivery
[54]. An example from the oil industry is shale reservoirs,
where nanopores make up a significant portion of the
hydrocarbon-bearing matrix compared to those of the
macropores and fractures [55,56]. It is paramount to carefully
characterize the confined phase behavior of hydrocarbons
stored in nanopores for effective development and recovery
optimization from unconventional resources such as shales
[57-59].

Several researchers have made notable efforts to develop
numerical models that can account for the fluid-fluid and
solid-fluid interactions in confined fluid systems. Ma and
Jamili [59] used the Simplified Local-Density (SLD) theory
to modify the Peng-Robinson equation of state (PR-EOS) to
probe the fluid-wall interactions under nanoconfinement.
They calculated the density profiles as a function of pore
width for ethane and propane in a 5-nm wide slit pore under
conditions of 3,043 psi and 80 °C. This work was based upon
the modified model (SLD-PR). The density profiles for
ethane and propane were distinct from each other such that
propane had higher bulk densities and adsorbed layer
densities than those of ethane. In addition, ethane showed a
significant difference between its adsorbed and bulk densities
than that exhibited by propane. Therefore, they concluded
that the confinement effects are more pronounced on lighter
fluids than on heavier ones in the same pore size and at similar
temperature and pressure conditions. Dong et al. [58] coupled
the cubic Peng-Robinson (PR) equation of state (EOS) with
the multicomponent potential theory of adsorption (MPTA)
to study and model the confined behavior of pure ethane,
propane, and ethane/methane and propane/methane mixtures
in organic nanopores. In addition, the thermodynamic
properties of ethane and propane hydrates were investigated
in porous silica gels of four different pore sizes 100, 30, 15,
and 6 nm [60]. Sugata and Piri developed a modified equation
of state (EOS) to evaluate the thermodynamic properties of
fluids under nanoconfinement. The authors combined the
perturbed chain-statistical associating fluid theory (PC-
SAFT) EOS with the Young-Laplace equation to account for
the effect of capillary pressure in predicting the phase
behavior of confined fluids [61].

Barsotti et al. [62] presented experimentally measured
isotherms of pure propane in mesoporous silica MCM-41 of
various pore sizes (8.08, 4.19, and 2.90 nm) over a wide range
of temperatures, from 5 to 50 °C. They found that propane’s
capillary condensation pressure increased with an increase in
temperature and pore size. In addition, the adsorption branch
of the propane isotherms showed a concave shape, reflecting
the effect of fluid-solid interactions. Furthermore, these
isotherms followed the common capillary condensation trend,
and exhibited hysteresis and the effect of supercriticality (see
[62] for more details). Other studies observed that the
capillary condensation of propane in crushed shale could
result in significant swelling of kerogen that can in turn
induce fractures and pore deformation [63,64].

Zhao and Jin [65] studied methane/propane mixture phase
behavior in nanopores connected to the bulk regions (i.e.,

nanopores connected to macropores and natural/hydraulic
fractures) using density functional theory (DFT). They
determined that a two-phase region could form inside the
nanopores, and its size grows with increasing pore size.
However, this study employed a uniform pore size model and
did not consider the effect of the pore size distribution (PSD).
In another study by the same authors [66], they used the DFT
and the same fluid mixture (methane/propane) to investigate
the effect of PSD on capillary condensation in nanopores
during constant composition expansion (CCE) and constant
volume depletion (CVD) processes. They considered the
impact of the interplay between nanopores and
macropores/fractures, which was overlooked in other studies
that focused only on the effect of the PSD [65, 67]. To this
end, two different pore sizes (5 nm and 10 nm) were
numerically generated, and three PSD models with varying
ratios of nanopores and bulk region volumes were
constructed. The simulated media represented oil-wet pores
of carbon slits, while the macropores/fractures denoted the
bulk region where the confinement effects did not exist. They
concluded that when pressure declines (i.e., desorption of
fluids), the phase transitions occur first in bulk, then in the
larger pores, followed by smaller pores. In addition, the
composition of the heavier component decreases in the phase
transition region but increases in the other areas with no phase
transition. The trend mentioned above is due to the influence
of PSD, which becomes more pronounced as the pressure
goes below the dew point pressure, and propane inside the
nanopores can be released in this pressure region. As the
proportion of the smaller pores in the system becomes larger,
the confinement effect in these media becomes stronger. And
the communication between the nanopores and bulk induces
the accumulation of heavier components. Thus, the recovery
of the heavier molecules is suppressed.

It is evident from the literature that most studies probed
the confined phase behavior of fluids using numerical
techniques. Only a limited number of investigations have
been dedicated to experimentally probing the effects of
confinement, and these have mostly used a single component
and employed a narrow range of pore sizes. To the best of our
knowledge, no experimental study probed the effects of
composition and pore sizes on the phase behavior of the
ethane/propane mixture in nanopores. In this study, we
employed an advanced gravimetric technique to study the
phase behavior of confined ethane/propane mixture for two
different compositions in three different sizes of nanopores
(7,10.2, and 12.3 nm). The two compositions used were (M1)
46.6% and 53.4% and (M2) 37.3% and 62.7% of ethane and
propane, respectively. The adsorption isotherms were
measured at -18 °C.

The remainder of this paper is organized as follows.
Section 2 provides details about the materials and methods
used to conduct the experiments. This section briefly
discusses the specifications of the materials and fluids used
as adsorbents and adsorbates, preparation of the nanoporous
materials and apparatus, experimental procedure, and the data
acquisition and processing techniques. The experimental
results, such as adsorption isotherms for both compositions in
all three pore sizes, are presented and analyzed in Section 3.
Finally, the conclusions and final remarks are listed in
Section 4.
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2 Materials and methods

2.1 Materials and sample preparation

Three different sizes of the mesoporous silica material known
as MCM-41 were acquired from Glantreo, Ltd. This material
is known for its controlled pore shapes and sizes. The
nanopores of MCM-41 are unconnected, cylindrical in shape,
and possess a uniform pore size distribution [68]. The
provider-specified pore sizes of the MCM-41 samples used in
this work are 6, 8, and 12 nm. The non-local density
functional theory (NLDFT) analysis was performed on these
samples to determine the average pore size of the material.
Table 1 shows the pore diameters of the MCM-41 samples
calculated by using the NLDFT.

Table 1: Pore diameter of various MCM-41 samples used in
this study. The pore size distributions for all samples are

provided in Appendix I.
NLDEFT Pore
MCM-41 samples diameter (nm)
MCM-41 (60 A) 7
MCM-41 (80 A) 102
MCM-41 (120 A) 12.3

We observed a certain degree of discrepancy in the pore
diameters given by the provider and those obtained through b
the NLDFT calculations. The latter generated pore diameter
values that were larger than those provided by the
manufacturer. Samples were packed into different titanium
sample holders using a standard procedure (see Ref. [62] for
details). Research grade ethane and propane gases were
obtained from Airgas Inc. Both gases possessed 99.8% purity.
The fluid mixture was prepared in-house using a mixing setup
consisting of a two-cylinder ISCO pump, a high-accuracy
balance, a vacuum pump, and an accumulator.

2.2 Apparatus

A patented gravimetric nanocondensation apparatus [69]
was employed to measure the adsorption isotherms. The
schematic diagram of the apparatus is shown in Figure 1. It
consisted of an environmental chamber from Thermotron,
sample holders, and four Mettler Toledo mass comparators.
Different samples of the nanoporous material were packed
inside the sample holders, which were housed inside the
environmental chamber. The chamber could operate over a
wide range of subzero and high-temperature conditions and
maintain the desired temperature with an accuracy of+0.1 °C.
The highly advanced XPE 505 C mass comparators possessed
an accuracy of £0.00001 g. They were located above the
environmental chamber on an anti-vibration platform and
suspended the sample holders inside the enclosure through
thin metal wires. The changes in the mass of the adsorbed
fluid were directly measured using these balances during the
experiment. The apparatus allows for the measurement of
four isotherms simultaneously. Other key components and
configurations of the apparatus, such as pumps, pressure
transducers, and different valve assemblies, are shown in
Figure 1. The original nanocondensation apparatus was
recently improved with incorporation of an advanced
automation module [70], which increased the efficiency of

the data acquisition process and enhanced the accuracy of the
measurements. To this end, automation hardware and data
acquisition boxes were installed in the system, which
controlled the opening and closing of the valves and
monitored the pressure of the sample holders in real-time.

2.3 Experimental procedure

To prepare the nanocondensation apparatus for the
adsorption experiments, an accumulator containing the
compressed hydrocarbon mixture was connected to the
adsorption inlet valves of the system. Next, the whole
instrument was vacuumed for 48 hours to remove any air or
humidity from the samples and fluid lines. The temperature
of the system was then brought to the experimental condition
(i.e., -18 °C) while it was being subjected to a vacuum. The
process was stopped once the chamber temperature was
stabilized, and a good vacuum condition was observed at the
Leybold low-pressure gauge. Subsequently, the adsorption
mode was activated on a customized automated LabView
software that had been loaded on the computer. In this mode,
all Vindum valves that connect the fluid source to the sample
holders were opened to allow a gradual injection of fluids into
the nanoporous material. During the experiments, the
ethane/propane mixture was introduced into the medium in
small doses to ensure a slow and consistent buildup of the
system pressure. The fluid injection parameters, such as (i)
injection time or pulse time and (ii) equilibrium time (i.e., the
time difference between two consecutive dosages), were then
set on the Labview software (see Figure A(d) in Appendix
for an illustration of this procedure). The injection time (i.e.,
dosage time) signifies the duration over which the adsorption
valves remain open for the fluid to flow into the material
under a certain pressure. The equilibrium time was chosen
such that the pressure, after introducing each dose, could
reach equilibrium within that time frame. The Rosemount
pressure transducers connected to the sample holders
recorded the pressure variations in real time. Additionally, a
customized Python script plotted this data and facilitated the
visual verification of the equilibrium conditions. These two
time-related parameters significantly influence the accuracy
of the measurements. They can be changed throughout the
experiments (as needed) to ensure that a subsequent injection
is performed only when the system pressure has attained
equilibrium after every dose of fluid is injected. In this work,
the initial injection and equilibrium times were fixed at 100
ms and 120 minutes, respectively. The mass and pressure of
the sample holders were recorded every second during the
adsorption process, and the raw data were logged and plotted
throughout the experiment to check for the accuracy. The
adsorption isotherm data points, which show mass vs.
pressure, were acquired at each equilibrium state (i.e., every
two hours). These points were plotted in real-time during the
tests to monitor the trend and identify capillary condensation
and bulk saturation regions. The adsorption process was
stopped once the pressure inside the sample holders reached
the bulk saturation pressure of the fluid mixture. Finally, the
complete mass-pressure data was processed, and capillary
condensation and saturation pressures were determined.
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Figure 1. Schematic diagram of the components and configuration of the nanocondensation apparatus: (a) environmental chamber,
(b) mass comparator or balance, (c) sample holder, (d) antivibration table, (e) sample holder cover, (f) Rosemount pressure
transducers, (g) Vindum valves, (h) manifolds, (i) adsorption fluid lines, and (j) desorption fluid lines.

3 Results and discussion

In this section, we present and discuss the results of the
confined phase behavior tests that used ethane/propane
mixtures in model nanoporous material MCM-41. We
provide the adsorption isotherms for two different
ethane/propane mixture compositions in three pore sizes, 7,
10.2, and 12.3 nm, at -18 °C temperature. We calculate the
capillary condensation pressures for each pore size by fitting
the first derivatives of the mass with respect to pressure (i.e.,
dm/dP) to a Lorentzian function. The peak of the Lorentzian
function indicates the fastest rate of increase in the mass of
the adsorbed fluid at a certain pressure and is identified as the
capillary condensation pressure [69]. The first inflection
point on the adsorption isotherm represents the vapor-liquid
phase transition due to nanoconfinement. When the system’s
pressure is below the saturation pressure of the fluid, an
abrupt increase in the adsorbed mass corresponds to the
condensation of the fluid inside the nanopores due to
enhanced solid-liquid interactions. As the system pressure
increases gradually and reaches the bulk saturation pressure,
the vapor-liquid phase transition occurs throughout the
sample holders and causes a significant increase in the mass
of the sample holders. This is identified as a steep increase in
the mass on the adsorption isotherms (the vertical-like section
of the isotherm), also known as bulk condensation or bubble
pressure. Therefore, on an adsorption isotherm, the first
inflection point corresponds to the beginning of condensation
due to nanopores, and the second abrupt jump in the mass
reflects the bulk vapor-liquid phase transition. The bulk
vapor-liquid equilibrium (VLE) for various mole fractions of
ethane/propane mixture at the experimental temperature of -
18 °C is shown in Figure 2. The adsorption isotherms for
compositions M1 and M2 are presented in Figures 3 and 4.

At this temperature, for composition M1, the bulk saturation
pressure is expected to be approximately 112 psi (see Figure
2). The experimentally measured adsorption isotherms for
this mixture are shown in Figure 3. The results indicate that
the experimental bulk bubble pressure (highlighted by the
double-dashed line) for this composition is approximately 94
psi, which is lower than the theoretically calculated bulk
bubble pressure highlighted by the single-dashed line. This
difference in the saturation pressure of the hydrocarbon
mixture can be attributed to the selective adsorption inside the
nanopores. The suppression in the saturation pressure
indicates higher adsorption of the lighter component, which
is ethane in this study. However, more experimental studies
are needed to establish and quantify this phenomenon for this
mixture. The capillary condensation pressures were
calculated for all three pore sizes and are listed in Table 2.
Additionally, examples of the Lorentzian curve fitting for the
dm/dP vs. pressure for both compositions are given in Figure
5. It is observed that the effect of nanoconfinement is
profound in the smallest pore sizes used here (7 nm), and it
decreases with an increase in the pore size. The capillary
condensation pressure of ethane/propane mixture for Ml
composition in nanopores of 7 nm pore size was measured to
be 54.75 psi. However, this pressure increases significantly
(73.82 psi) as the pore size scales to 10.2 nm. Furthermore,
for the largest pore size used in this study (12.3 nm), a slight
increase was observed in the capillary condensation pressure
(79.5 psi). This trend is in agreement with those presented in
the literature, which shows that the capillary condensation
pressure increases with an increase in the pore size. In other
words, the degree of suppression of the saturation pressure for
vapor-liquid phase transition due to confinement is larger in
the tighter nanopores owing to enhanced wall-fluid
interactions.
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Figure 2. Bulk vapor-liquid equilibrium (VLE) for ethane/propane mixture for various mole fractions of ethane calculated using the
Peng-Robinson equation of state. The blue line indicates the bubble point pressure while the orange line shows the dew point pressure.
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Figure 3. Experimentally measured adsorption isotherms for the mixture M1 (46.6% cthane and 63.4% propane) in MCM-41 of
different pore sizes of 7, 10.2, and 12.3 nm at -18 °C. See Table 1 for the original pore sizes and those calculated using the NLDFT.
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The second ethane/propane mixture denoted as M2 was
prepared such that the mole fraction of the lighter component
(ethane) was lower than that in the first mixture (M1). The
M2 mixture contained 37.3 mol% of ethane and 62.7 mol%
of propane. This composition included approximately 10

mol% less ethane compared to that in M1, which had 46.6
mol% ethane. The experimentally measured adsorption
isotherms for the composition M2 at a similar temperature (-
18 °C) are presented in Figure 4.

Ethane/Propane (M2) in MCM-41 (-18°C)
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Figure 4. Experimentally measured adsorption isotherms for the composition M2 (37.3% ethane and 62.7% propane) in MCM-
41 of different pore sizes (7 nm, 10.2 nm, and 12.3 nm) at -18 °C.

This composition's theoretical bulk saturation pressure is
expected to be around 97 psi, which is lower than that of M1
due to less ethane present in the mixture. However,
experimentally measured bulk bubble pressure was found to
be approximately 75 psi, which is significantly lower than its
theoretical counterpart. This again indicates that selective
adsorption inside the nanoporous material can cause a
decrease in the bulk saturation pressure. In other words, the
predominant adsorption of ethane in nanopores compared to
propane leaves less ethane in the mixture and changes the
composition of the mixture, which results in reduced
saturation pressure due to propane’s relative heaviness and
lower saturation pressure. Similarly, this needs further
investigation (proposed later) by performing experiments
using compositions with stark differences in the molar
fractions. As mentioned earlier, the capillary condensation
pressures were calculated from the Lorentzian fits.

An example of the Lorentzian fit of the experimental data for
the M2 mixture has been provided in Figure 5.

The measured capillary condensation pressures for M2, also
provided in Table 2, confirm the trends from the
experimental results of the M1 mixture. The -capillary
condensation pressure increases with an increase in the pore
size. However, for M2, which has less ethane than mixture
M1, the capillary condensation pressures were lower than
what was calculated for mixture M1 for all pore sizes. This
indicates that the higher is the molar fraction of the lighter
component, the lower becomes the adsorption of the heavier
component. When the molar fraction of the heavier
component increases, the capillary condensation pressures
are decreased as the heavy component faces less competition
from the lighter one during adsorption. This is supported by
the fact that the confinement pressures are not similar for both
compositions due to the selective adsorption’s dependency on
the composition.
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Figure 5. Examples of the Lorentzian curve fit of the first derivative of mass with respect to pressure (i.c., the slope of adsorption
isotherm) for ethane/propane mixture of compositions M1 and M2 for two different pore sizes: 80 A (10.2 nm from NLDFT) for
M1, and 60 A (7 nm from NLDFT) for M2. The peak of the Lorentzian curve corresponds to the fastest rate of fluid adsorption and

is defined as the capillary condensation pressure.

Table 2. Experimentally measured capillary condensation pressures of ethane/propane mixture from the adsorption isotherms for
different pore sizes of MCM-41 samples and two different compositions, M1 and M2.

Adsorbent Tem?oecr;i ture Mixture Capillary Condensation Pressure (psia)
MCM-41 (60 A) -18 M1 54.75
MCM-41 (80 A) -18 M1 73.82
MCM-41 (120 A) -18 M1 79.58
MCM-41 (60 A) -18 M2 47.67
MCM-41 (80 A) -18 M2 62.55
MCM-41 (120 A) -18 M2 65.11

Therefore, one may state that the selective adsorption of the
hydrocarbon components is relative and is influenced by their
molar fractions. Interestingly, the experimentally measured
capillary condensation pressures for both compositions
conform to the calculated bulk pressures and not the
experimental counterparts. It is known from the Young-
Laplace equation that the capillary pressure is proportional to
the surface tension and inversely related to the pore diameter.
Therefore, the capillary pressures may vary linearly with the
inverse of the pore size. It is evident from Figure 6, which
shows the plots of bulk and capillary condensation pressures
versus the reciprocal of the pore sizes, that the calculated bulk
pressures (representing a pore of infinite diameter) fall on a
straight line with capillary condensation pressures, abiding by
the Young-Laplace equation.

The diamond symbols in Figure 6 for both compositions at 0
nm™! correspond to calculated bulk pressures at the inverse of
infinite pore diameter. The results strongly agree with the
literature and deliver important insights regarding the effect
of the composition of the hydrocarbon mixtures on their
confined phase behavior. It is indicated that mole percents of
either light or heavy components push the occurrence of the
confinement-induced phase transitions inside the two-phase
region of the mixture. Furthermore, new tests will be
conducted using the empty sample holders, i.e., in the absence
of nanopores, to determine the experimental bulk saturation
pressure of the mixture with different compositions. This will
further enrich the inferences drawn from the present results
regarding selective adsorption and the shifts in the vapor-
liquid phase transition due to confinement.
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Figure 6. Variation in the experimentally measured capillary condensation pressure with respect to the reciprocal of the pore diameter
for both compositions, M1 (left) and M2 (right), of the ethane/propane mixture. The diamond symbol represents the bulk saturation
pressure calculated using the PC-SAFT equation of state, and square symbols represent the experimental data of capillary

condensation pressure.

4 Conclusions

Ethane and propane are two of the most critical components
of typical hydrocarbon mixtures and have numerous
applications in several industrial sectors. However, their
thermodynamic properties under confinement are still poorly
understood and therefore need to be carefully characterized,
particularly under mixture conditions. In this study, we
experimentally investigated the phase behavior of
ethane/propane mixture with different compositions in
nanopores of varying pore sizes. To this end, mesoporous
material MCM-41 with different pore sizes varying from 7
nm to 12.3 nm was utilized. All experiments were conducted
at a temperature of -18 °C. The capillary condensation
pressures were calculated from the experimentally measured
adsorption isotherms for each composition. The results
showed that the confinement effect weakens in larger pores
and the vapor-liquid phase transition due to the confinement
occurs at much lower pressure in tighter nanopores. In
addition, it was also observed that selective adsorption takes
place and causes the experimentally measured saturation
pressure to be lower than the bulk saturation pressure
calculated using an equation of state. It was noticed that the
higher mole fraction of the lighter component prohibits the

adsorption of the heavier component in the nanopores up to
some degree. However, when the mole fraction of the lighter
component is decreased, the capillary condensation pressure
decreases, and the degree of selective adsorption is also
suppressed. The calculated bulk pressure and experimentally
measured capillary condensation pressure results showed
conformance to the Young-Laplace equation and exhibited a
linear proportionality to the reciprocal of the pore size. This
confirmed the accuracy of the measurements. A more in-
depth investigation is warranted to characterize the
relationships between selective adsorption and mole fractions
of the lighter and heavier components at different temperature
conditions. To this end, new experiments will be conducted
for a wide range of temperatures using a mixture of varying
compositions. In conclusion, the results from this research
enrich the literature with the new experimental data for
ethane/propane binary mixtures. In addition, the insights from
this work can inform the development decisions made when
exploiting unconventional reservoirs in which enormous
quantities of hydrocarbons are stored in nanopores.
Furthermore, the new results can also facilitate the
development of advanced simulation models and rigorous
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equations of state that can accurately predict the phase
behavior of the confined fluids.
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Figure A. (a) — (c): The NLDFT calculated pore size distributions obtained for the MCM-41 samples with pore diameters of 60 A,
80 A, and 120A, respectively. (d): An example from the pressure vs. time raw data for a sample holder packed with MCM-41 material
(7 nm NLDFT) exhibiting the establishment of equilibrium conditions after each injection step. The red horizontal lines are reference
lines added to show the equilibrium (stabilization of the pressure) occurring within the two hours windows after each dosage of fluid.
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