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ABSTRACT

Application of CO, gas in foam enhanced oil recovery (EOR) processes has emerged as a win-win strategy
for achieving higher oil recovery factor and reducing greenhouse gas emission, which can significantly
help the protection of the ozone layer from depletion. However, lower stability of CO,-foam, as compared
to the N»- and CH4-foams, has tempted us to examine combinations of CO, with these gases to not only
improve the stability of the produced foam but also have CO, as the gaseous phase of the foam. In this
study, we investigated the effect of different gases and the mixture thereof on the performance of foams
in EOR while the aqueous phase of foams is a constant mixture of Cocamidopropyl betaine surfactant
(0.03 wt%) and silica nanoparticle (0.1 wt%). To this end, seven different gases, including N, CO2, CHy,
80% N3 + 20% CO,, 80% CH4 + 20% CO,, 50% CH4 + 50% CO,, 50% N, + 50% CO, were used as the gases
phase for foam generation and the performance of the produced foams were examined through the
following experiments: bulk foam stability tests, apparent foam viscosity measurements and core
flooding tests. The results of foam stability tests showed that half-life time for the CO,-, CHy- and N;-
foams are 13.5, 17.0 and 44.0 min, respectively. Also, as revealed from apparent viscosity measurements,
the N3- and 80% N,+20% CO, foams have higher apparent foam viscosity values followed by 50% N»-+50%
CO; foam. Furthermore, we showed that a combination of 80% N, + 20% CO, as the gaseous phase for
foam generation could not only improve CO,-foam stability, as compared to other foams, but also can
substantially increase ultimate oil recovery (56.6 %00IP), even more than that for N, foam (48.6 %00IP),

obtained from core flooding experiments.
© 2021 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

phase, including surfactants and nanoparticles were performed
[1—4]. However, less attention has been focused on the effect of the

The application of foam in enhanced oil recovery (EOR) plans gaseous phase of foam on foam stability while passing through
have been considered by researchers for many years. Over the past porous media. Based on the local availability of gas type, CO,, CHy,
decade, many studies on foam stabilizer agents in the aqueous steam and inert gases like N can be injected into subsurface for-
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mations [5—7]. Furthermore, by the injection of a combination of
gases like flue gas, light hydrocarbons and natural gas liquids (NGL),
the separation costs for pure gas injection will be eliminated. Foam

E-mail address: m.razavifar@shirazu.ac.ir (M. Razavifar). is actually formed by the dispersion of gas bubbles into an aqueous
Peer review under responsibility of Southwest Petroleum University. phase. Therefore, by doing, so the mobility of the gas phase in the
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porous medium will reduce [8]. As the gas bubbles of the foam are
more stable, the mobility of the gas phase is lower, and therefore,
foam moves more piston-like through the porous media.

https://doi.org/10.1016/j.petlm.2021.09.002
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Surfactants have been extensively investigated as the most
important substances that have a significant effect on the stability
of foams. Surfactants affect the interfacial tension between the
aqueous phase and gas phase and lead to better dispersion of gas
into the aqueous phase. Also, the presence of surfactants in the
aqueous phase causes wettability alteration of the porous medium
and thus increases oil recovery [9—13]. Simjoo et al. classified the
decay process of the generated foam into three stages: i) foam
decay due to the gravity forces, which is small and rapid and occurs
at the early times, ii) extension of stabilized foam volume for a short
period, and iii) foam decay due to the coalescence of the bubbles,
which this stage is relatively longer and continues until reaching
the final foam volume [14].

Also, nanoparticles have been considered as foam stabilizer
agents. Rezaei et al. studied the synergistic effects of silica nano-
particles and different surfactants on N»-foam stability [15]. The
results of their study showed that the foam generated in the
presence of 0.025 wt% CAPB is 3.15 and 2.28 times more stable than
that in the presence of LABSA and CTAB surfactants, respectively. As
briefly stated above, the effects of the presence of surfactants, salts,
nanoparticles and polymers in the aqueous phase on foam stability
at ambient or reservoir conditions have been extensively investi-
gated by researchers [15—18]. However, few attentions have been
paid to the role of the gas phase on foam in porous spaces where
liquid lamellae may be produced or diminished. Based on the used
gas for foam generation, the performance of various foam agents at
different liquid-gas interfaces of the foam could be substantially
varied [19]. Np, CO; and air are the most frequent gases used in
foam EOR due to their numerous benefits (like being non-
flammable, high stability, being available, non-toxicity and low
cost) as opposed to other hydrocarbon/non-hydrocarbon gases.
Additionally, injection of CO, gas into oil reservoirs offers mixed
benefits of EOR and reduction of detrimental gases, which play
important role in the depletion of the ozone layer [20—22]. Due to
notable variations in physical properties of CO, gases at reservoir
conditions (high-pressure high-temperature), CO, foams show
quite different properties compared to the N, and air gases [23]. As
pressure increases, CO, gas changes to a liquid/supercritical state,
which makes that more like CO, emulsion. Thus, the stability of
COy-based foams will be lower than that for Nj/air-based foams
[24]. Arra et al. showed that regardless of what the pressure of the
system is, N gas generates strong foams, while CO; can form stable
foams only when it is in its gaseous state. Air and N; behave just like
ideal gases, and the generated foam using these gases is considered
stable like classical foam even at high pressures [24]. Moreover,
different parameters such as density difference, pH effects (CO,
acidity), interfacial tension, and solubility in the aqueous phase
influence the properties of air/N; and CO; foams, and cause them to
have different behaviors. Having screened the electrostatic and van
der Waals forces, many scholars stated that the pH of a system can
directly affect film thickness by controlling the disjoining pressure
values [23,25]. On the other hand, due to the high solubility of CO,
in water, compared to air and N; that have limited solubility, sup-
plying enough volumes of CO; is a hard job. Zeng et al. pointed out
that the quality of actual foam is lower than the quality of the
injected foam, especially for gases with higher solubility like CO,
[26]. Xu et al. stated that comparing to N>-foam, lower energy is
needed to form methane foams because of the smaller IFT value
between surfactant-gas bubbles in methane than that for N, gas
[27]. However, due to the greater viscoelastic modulus of
surfactant-bubble for CH4 than Nj, the CHy4 diffusion rate is faster
than N,. Hence, the stability of CH4-foam is lower than N,-foam.
They found that the volume of the foam generated by CH4 is much
more than that of Ny, while the half-life time of the N, foam is twice
that of CO; foam.
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With all these in view, the present work aimed at comparing the
effects of various gases (i.e., CO,, Ny, and CH,) and mixtures thereof
on foams generated by a constant aqueous phase containing
surfactant + nanoparticles. After that, attempts were made to find
the most promising formulation for foam EOR according to the
outcomes from foam stability and core flooding experiments.
Hence, by using combinations of different gases with CO, to
generate foam for foam injection, attempts were made to not only
make stable foams for EOR purposes but also inject CO, into the
reservoir for environmental issues.

2. Materials and methods

Cocoamidopropyl Betaine (IUPAC name: 2-[3-(dodeca-
noylamino) propyldimethylazaniumyl] Acetate), which is a yellow
liquid amphoteric surfactant along with white powders of silica
(SiO2) nanoparticles with an average size of 20 nm, purity +99.5%,
and specific surface area (SSA) of +200 m?/g (supplied by the US
Research Nanomaterials, Inc.) were utilized as foaming agents for
foam generation. The chemical structure of the surfactant and a
TEM analysis performed on the nanoparticle powders are shown in
Fig. 1. To investigate the aggregation probability of silica nano-
particles into the aqueous solution, a dynamic light scattering (DLS)
test was performed using Malvern Instrument Inc., UK. The average
size of nanoparticles was determined as 25 nm, which implies that
the nanoparticles are stable in the solution and have not
aggregated.

The gaseous phases used for foam generation were Ny, CO, and
CH4 were supplied from Farafan Gas Co., Iran. The purity of the
utilized gases was reported as 99% by the supplier company. A list of
the gases and their mixtures used for foam generation is presented
in Table 1.

Crude oil used in this study was collected from one of the Iranian
oil reservoirs located in the southwest of Iran. The viscosity and
density of the oil at reservoir conditions were determined as 4.364 cp
and 0.825 g/cm?, respectively. Deionized water contained 0.5 wt%
NaCl was used as the base phase for making suspensions to be uti-
lized as the aqueous phase for foam generation. Also, carbonate rock
samples used for the displacement tests were caught from reservoir
core samples. The physical specifications of the core plugs were
tabulated in Table 2.

2.1. Preparation of surfactant-nanoparticle suspensions

The CMC value of the CAPB is 0.025 wt% [28] and the optimum
concentration for the silica nanoparticle to reach the most IFT
reduction and wettability alteration results has been determined as
0.1 wt%. Thus, we used a constant concentration of 0.03 wt % (which
is above the CMC value of the CAPB to satisfy the adsorption ca-
pacity of the rock) and 0.1 wt% of SiO, in all the experiments.
Therefore, 0.03 wt% of the CAPB surfactant was first added to
100 mL of water containing 0.5 wt% NaCl. The solution was stirred
for almost 2 h, and then, 0.1 wt% of SiO, nanoparticle was added to
the solution and stirred for 1 h, followed by 30 min sonication
employing an ultrasonic processor (DA UP-400, Iran) to attain ho-
mogeneous surfactant + nanoparticle solution.

2.2. Foam stability tests

As a reliable method for foam stability measurement, bulk foam
stability tests were carried out to examine the effects of various
gaseous phases and their mixtures on the stability of the generated
foams. To this end, a graded glass cylinder with the length of 60 cm
and an inner diameter of 4.0 cm was built by the authors. To
sparging the injected gas into the cylinder, a porous frit, as a porous
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Fig. 1. (a) The molecular structure and natural form of CAPB, (b) Physical photo of SiO,
nanoparticles and the TEM analysis of nanoparticles.

Table 1
Gases used for foam generation.

Gas ID Gas Composition

A Ny

B CO,

C CH4

D 50 (Mole %) N»/50 (Mole %) CO,
E 50 (Mole %) CO,/50 (Mole %) CH4
F 80 (Mole %) N»/20 (Mole %) CO,
G 80 (Mole %) CH4/20 (Mole %) CO,

filter, with pore sizes ranging from 30 to 90 um was placed towards
the bottom of the glass. A high-resolution digital camera was
applied to monitor foams decaying time. Fig. 2 shows a schematic
of the experimental setup used for bulk foam stability tests.

A fixed amount of aqueous solution (150 mL) was placed in this
glass tube, and then different gases at a fixed flow rate (in a
different experiment) were injected through the porous frit at the
bottom of the glass cylinder. The foam volume is monitored opti-
cally until it reaches half of the initial volume (half-life time).

2.3. Displacement tests

In the following, the experimental setup and the procedure for
foam flooding experiments where foaming agents
(surfactant + nanoparticle) were co-injected with the desired gas
for EOR purposes are explained. Prior to commencing the core
flooding tests, the core plugs were passed through the following
steps to be prepared for the displacement tests.

(1) Core cleaning

(2) Drying the core plugs (at 70°C for two days)

(3) Measuring the porosity and permeability of the samples to-
ward Helium gas (using HEP-P and Gasperm, VINCI Tech-
nologies, France)

(4) Vacuum, brine saturation (using a desiccator)

Table 2
Physical properties of the core samples used for different foam flooding.
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Fig. 2. Schematic of the setup used for bulk foam stability measurements.
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(5) Reaching the water saturation to irreducible water saturation
(Swi), using a centrifuge to displace the water by the crude oil
(9000 rpm for 12 h)

(6) Aging the core samples by soaking them into the crude oil at
80 °C and 3500 psi for 30 days

After going through the mentioned steps for each rock sample,
the core was placed in a Viton sleeve and mounted to a Hassler-type
core holder. The desired gas (according to the wanted foam) was
injected into the core sample from the inlet face and the gas in-
jection rate was controlled using a mass flow controller. Mean-
while, the aqueous solution was injected in parallel via a quizix
pump (Q50 10-HC-A-S, Ametek, Inc., US). A back pressure regulator
was connected to the outlet of the core holder and was set at 4500
psi in all experiments. The temperature of the oven was also set at
70°C in all the displacement tests. Fig. 3 illustrates the experimental
setup for foam injection tests.

3. Results and discussion
3.1. Bulk foam stability tests

To assess the effects of N3, CO, and CH4 gases, as well as their
mixtures on the stability of the generated CAPB + SiO, foam, bulk
foam stability tests were conducted. As explained in section 2.2,
this criterion was defined as the time takes for the height of the
generated foam column to become half of its initial height (half-life
time). Once the injection of the desired gas (i.e., Ny, CO,, CHy, or
their mixtures) was terminated, the half-life time for the generated
foam was recorded and the results were compared to each other.
The normalized foams heights (h/hg) for the foams generated by
various gases and a constant mixture of surfactant + nanoparticles
(CAPB (0.03 wt%)+SiO, (0.1 wt%)) as the aqueous phase are illus-
trated in Fig. 4.

Test No. Gaseous phase Core plug specifications

D (cm) L (cm) D (%) Ky (md) Ky (md) PV (cc) Swi (%)
1 80% N3 + 20% CO, 3.80 9.96 19.22 26.81 24.48 21.74 38.28
2 N, 3.81 9.84 21.37 26.21 24.77 23.97 35.57
3 50% N2 + 50% CO2 3.82 9.95 20.57 26.87 23.98 23.41 29.07
4 CO, 3.81 9.20 18.89 27.22 2438 19.84 36.66
5 50% CO; + 50% CHy4 3.81 9.21 2213 26.43 24.21 23.25 37.78
6 80% CH4 + 20% CO; 3.81 9.21 18.18 27.18 25.12 19.10 36.72
7 CHy 3.81 9.38 2047 26.15 25.56 21.87 29.97
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Fig. 3. Schematic of the setup used for foam displacement tests.
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Fig. 4. Normalized foam heights (h/hg) versus time for foams with identical aqueous
phase and different gaseous phases.

As can be seen from Fig. 4, half-life time for the generated foam
when the gaseous phases are pure N3, CO, and CH4 were measured
as 44.0, 13.5 and 17.0 min, respectively. Application of CO, gas in
foam EOR processes has emerged as a win-win strategy for
achieving higher oil recovery factor and reducing greenhouse gas
emission, which can significantly help the protection of the ozone
layer from depletion [29—31]. However, lower stability of CO»-
foam, as compared to the N and CHg-foams, has tempted us to
examine combinations of CO, with these gases to not only improve
the stability of the produced foam but also have CO; as the gaseous
phase of the foam. To this end, similar fractions of N, and CH4 gases
were mixed separately with CO,, and the generated foams were
prepared for bulk foam stability tests. As depicted in Fig. 4, the half-
life time for the foam produced with a mixture of 80% N, + 20% CO;
as the gaseous phase and CAPB (0.03 wt%)+SiO, (0.1 wt%) is almost
28.0 min, which pointed out to the superiority of this foam (after
N,-foam) to the other tested foams. Also, the foam produced by 80%
CHy4 + 20% CO,, 50% CH4 + 50% CO,, and 50% N, + 50% CO, had
almost similar half-life times, which shows that all the generated
foams possess higher stability compared to the stability of pure
CO;-foam (see Table 3). Due to the fact that different gases have

Table 3
Summary of the foam half-life time measurements.

Gaseous phase of the foam Initial foam column height (cm) Half-life time (min)

N 60 44
80% N, + 20% CO, 28
50% N, + 50% CO, 20
CHa 18
50% CO, -+ 50% CHy 175
80% CH, + 20% CO, 15.5
CO, 135
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Fig. 6. Variation of apparent foam viscosity values versus time for foams with different
gaseous phases.

various solubility ratios in the aqueous phase, the critical hypoth-
esis is that the stability of foam decreases as the solubility of the gas
in the aqueous phase increases. As the gas phase dissolves in an
aqueous solution, the possibility of the formation of stable gas
bubbles will reduce, and consequently the half-life time of the
produced foam decreases. Among the used gases, CO, has the
maximum solubility in water (almost 60 times higher than N; and
30 times higher than CHy). So, in equal gas flow rates, CO,-foam has
a lower half-life time compared to N, and CH4. Furthermore, by
dissolving CO, in water, the pH of the system will move toward
acidity, which can directly affect the balance between the electro-
static and van der Waals forces. Hence, the thickness of water
lamellae film will reduce as a consequence of the changes made in
disjoining pressure value [23].

Moreover, for all the generated foams, the presence of CAPB
surfactant and silica nanoparticles broads the so-called stern layer,
which leads to higher stability of foam bubbles [15,32]. Fig. 5 shows
a schematic of the presence of surfactant monomers and nano-
particles in the stern layer space, and how these substances make
foam bubbles more stable.

3.2. Apparent viscosity of foam with different gaseous phases

As an indicator of foam stability when the foam is passing
through a porous media, the value of apparent viscosity (uqp,) of
foam gives us significant information. Since a unique compound is
used as the aqueous phase for foam formation in all the tested foams,
the resistance of bubble deformation while passing through the
porous media, which is directly related to the gas phase, would be
the only parameter affecting foam apparent viscosity value. So,
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Table 4

Summary of the results drawn from foam flooding experiments.
Foam 80% N, + 20% CO, N, 50% Ny + 50% CO, CO, 50% CO; + 50% CHg4 80% CH4 + 20% CO, CHy
Qil recovery (%00IP) 56.6 48.6 42.8 36.6 40.8 42.2 444
Gas breakthrough time (min) 263 270 213 163 186 197 217

during the core flooding experiment, the apparent foam viscosity of
each injected foam was determined using the following equation
[15]:

Happ :K/Vt x AP (1)
where K is the permeability of the porous media (m?), AP is pressure
gradient along the core length (Pa/m) and V; is the total superficial
velocity (m/s). As it is obvious, the higher the permeability of a
porous medium is, the more the apparent foam viscosity would be.
This is consistent with what is expected from foam structure, which
implies that the likelihood of foam film rapturing will reduce as the
capillary pressure between the liquid and gas phases decrease. The
pressure gradient and the apparent viscosity of foam are functions of
foam stability in a porous medium, which show the effects of flow
resistance for foams produced with different gaseous phases.

Fig. 6 shows the results of apparent foam viscosity measure-
ments for different foam formulations, which are plotted against
time. For the sake of better comparison, in all of the experiments
the composition of the aqueous phase and the quality of foam were
kept constant, and only the gas type was different. As can be
deduced from Fig. 6, at the early times of foam flooding, the
apparent viscosity of foams is low, and start to escalate as time
passes. The increase in pp,, as injection time increases, shows foam
production, and as the pg,, is more for a foam, the stability of that
foam is higher compared to the other foams. As expected from the
results of bulk foam stability tests, the N- and 80% N,+20% CO;
foams have higher apparent foam viscosity values followed by 50%
N2-+50% CO, foam. The other tested foams had similar pg,, values,
as can be seen from Fig. 6.

Interestingly, after almost 300 min of foam flooding, the
apparent viscosity of the 80% N»+20% CO, foam starts to decrease
from its maximum value of approximately 12855 cp, and even to
lower values of ugp, of N>-foam after about 450 min. This reduction
in pgpp, of the foams containing CO; gas in their formulation would
be because of the solubility of CO; gas in water and oil phases. On
the other hand, as demonstrated in the Kvalue charts in literature,
N, has the highest K value compared to CH4 and CO», thus, N re-
mains in its gas state even at high pressure/temperature conditions,
and produces more stable foams at such conditions. Therefore, by
dissolving CO, in the water/oil phase, the quality of the foam

Fig. 7. Ultimate oil recovery and gas breakthrough time of different foams obtained

from core flooding tests.
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decreases, and consequently, apparent foam viscosity will decrease
by rapturing the weakened foam. Gases like CO, and CH4, which are
soluble in the liquid phase, are called condensable gases, and the
foam formed using such gases would have lower stability as the gas
phase starts to be dissolved in the liquid phase.

3.3. 0il recovery measurement through foam flooding tests

To examine the capability of various types of foams in pushing
the in-place oil out of the core samples, seven foam flooding tests
were performed. To this end, the core samples were prepared
following the procedure explained in section 2.3. After that, the oil-
saturated core plug was loaded to a hassler type core holder and the
desired foam (i.e., each of the foams that are shown in Table 2) was
flooded to the core sample. Foams were generated by co-injection
of the aqueous (0.03 wt% CAPB ) + 0.1 wt% SiO3) in brine with
0.5 wt% NaCl) and the gaseous (N3, CO,, CHy, or their mixture) into
the core sample. It is noteworthy that the quality of foam in all the
flooding experiments was 80%, with gas and aqueous phase rates of
0.4 cc/min and 0.1 cc/min, respectively. The gas flowing rate was
continuously monitored using a mass flow controller (as shown in
Fig. 3). Also, a high precise gas meter was installed in the effluent to
detect any gas breakthrough and the results of gas breakthrough
time are tabulated in Table 4.

As illustrated in Fig. 7, the lowest oil recovery factor was ob-
tained through pure CO,-foam flooding, while the foam produced
by a combination of 20% CO, and 80% N as its gaseous phase could
recover over 56% of the original oil in place (OOIP). After that Nj-
foam with the ultimate oil recovery of almost 48.6% OOIP was the
foam with the second-highest oil recovery. Other foams containing
CH4 as their gaseous phase, as well as foam generated by 50% N, +
50% CO, had similar oil recovery factors between 40.0 and 45.5%
OOIP. To have a better understanding of the results obtained from
flooding experiments, gas breakthrough time for each flooding
scenario was measured using the gas meter to detect any gas in the
effluent. The maximum gas breakthrough time (tp) is attributed to
the Ny-foam, which implies the piston-like movement of Ny-foam
along the core length. This fact is consistent with the results of bulk
foam stability tests, and due to the high stability of N,-foam, it can
enter most of the pore spaces of the porous medium and push the
oil out of the plug. The measured ty, for the 80% N3 + 20% CO, foam
is almost 263 min, which is lower than that for N,-foam. However,
oil recovery obtained by the 80% N, + 20% CO, foam is higher than
that for Ny-foam.

Foam properties can be characterized using Henry's solubility
constant kh and the gas permeability coefficient of single foam
films, K [33]. The drainage rate escalates with raising gas solubility,
while half-life time increases substantially with increasing K. In the
case of the combination of a low-solubility gas (like N,) with a high-
solubility gas (like CO;), both the drainage and decay rates are
influenced; so, the contribution to foam stability is mainly due to a
reduction in the coarsening rate. With intensifying gas solubility
the foam coarsening coalescence enhances, even in the foam pro-
duction stage. This leads to poor foaming behavior as the gas sol-
ubility in the aqueous phase increases. For mixtures of gases, the
behavior of each component gas should be considered. Prince et al.
[34] showed that the permeability coefficient of a film to a mixture
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of gases can be calculated using the following equation:
-1
X

Ke=
= K

(2)

where n stands for the number of components, x; and K; are the
mole fraction and permeability of film to component i, respectively.
Prince and mason claimed that gases diffuse out of the bubble at
approximately the same ratio as their corresponding mole fractions
inside the bubble [34]. So, an important indication of this equation
is that the diffusion of a fast permeating gas can be slowed down by
admixing it with a slow permeating gas, which leads to more sta-
bility of the foam. Therefore, since the solubility of CO, is higher
than Ny, the generated foam shows less stability; so, mixing this gas
with N gas will improve foam stability.

Furthermore, for the foams generated by CHy, as this gas is a
component of the oil, it would easily dissolve into the oil phase [7].
So, the high tp for the foam generated by CH4 may be due to the
high solubility of CH4 in oil, which delays the outflow of the gas
from the porous medium.

4. Conclusions

In this study, firstly, a constant mixture of CAPB (0.03 wt%)+SiO,
(0.1 wt%) in brine with 0.5 wt% NaCl was found from the literature to
form relatively stable foams, and then the effects of various gases on
foam stability were investigated through bulk foam stability tests. As
concluded from the results of bulk foam stability tests, the foam
generated by N, gas has the maximum stability followed by the
foams with the following gaseous phases: 80% N, + 20% CO,, 50%
N3 + 50% CO5, 50% CO; + 50% CHy, CHy4, 80% CHy4 + 20% CO,, and CO».
Furthermore, the generated foams were utilized in foam flooding
into sister carbonate core samples, and the effect of different foams
on apparent foam viscosity, oil recovery and gas breakthrough time
were studied through displacement tests. Considering the amount of
oil recovered by each foam, the 80% N3 + 20% CO, foam with ultimate
oil recovery of approximately 56.6%00IP showed the best perfor-
mance compared to the other tested foams. Conversely, due to the
high solubility ratio of CO, in water/oil phases, the foam generated
by this gas has the lowest stability compared to the other produced
foams, and the amount of ultimate oil recovery obtained during CO;-
foam flooding was almost 36.6%0O0IP. By the combination of N, and
CO; gas (in an optimum ratio), the ultimate oil recovery escalated
significantly (56.6%00IP), which is due to the synergy between the
N> gas for its piston-like move along the core length and CO; gas for
making the in-place oil volatile and easy to move. The results drawn
from this study can help in better understanding the role of the
gaseous phase of foams for foam EOR purposes.
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