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Introduction

According to the successful efforts that have been
widely made to enhance the oil recovery, gas flooding
with carbon dioxide has been studied for more than
six decades as an important technique for EOR [1,2].
The chemically stable nature of carbon dioxide and its
economical availability are two main reasons to use
this gas as a source for gas flooding [3]. In addition, by
mixing it with oil, carbon dioxide enhances the sweep
efficiency inside the oil reservoirs. It should be noted
that low viscosity of injected gas causes gravitational
separation and fingering problems inside the porous
medium. Foam injection was recommended as a
remedy to overcome gas injection problems by many
studies to enhance the gas properties to obtain more
efficient sweep efficiency in oil reservoirs [4,5]. In
addition, there exist many techniques to enhance the
foam stability as well as foam dynamic properties [6].
In recent years, researchers have used various methods
to evaluate foam stability by measuring foam half-life
at different concentrations and velocities [7,8].

Materials and Methods

The experimental section of this study was started
with foaming ability evaluation using the selected
surfactant. In second step, the foam stability of
various solutions was estimated by measuring the
foam half-life, resulting the optimum concentration
for foam generation. It should be noted that selected
concentrations with highest value for foaming stability
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was used for the micromodel tests to observe the
recovery values.

To investigate the effect of foam injection improved
with Xanthan gum polymer and silica nanoparticle,
we used a designed glass micromodel. The amount of
oil remaining in the micromodel in the case where we
used foam improved with polymer and nanoparticles
decreased to about 4.4%, resulting the shorter drainage
time in the porous medium. It should be noted that
presence of polymer enhanced the oil production from
micromodel significantly compared to the case of
injection without polymer.

Results and Discussion

Based on the conducted experiments in three main
categories, the highest value of foaming ability was
recorded as 14 cubic centimeters in presence of
Xanthan, nanoparticle and surfactant. It should be
noted that polymer should be presented in the solution
medium in very small concentrations.

For the foam stability experiments, the highest value
was recorded as 58 min in presence of all three
foam enhancing parameters. For the micromodel
experiments, solutions with highest stability conditions
were selected to be injected into micromodel.
Micromodel experiments showed a meager recovery
from porous medium by gas injection while carbon
dioxide foam enhanced the recovery from the same
medium. Adding nanoparticle in foam structures
increased the recovery about 24 percent. The highest
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value of recovery was recorded about 93% in presence
of Xanthan, nanoparticle and surfactant.

Conclusions

Following are the obtained results:

a) Adding silica nanoparticle increases the foaming
ability, but adding polymer can reversely affect the
foaming ability due to the viscosity enhancement.

b) Foam stability increases significantly in the presence
of silica nanoparticles and biopolymer. Enhancement
in stability reaches about 60% for the case where all
three parameters were presented, which it can have a
favorable effect on micromodel oil recovery. It should
be noted that the effect of the presence of Xanthan
gum on the stability of foam is much greater than silica
nanoparticles.

¢) Simultaneous injection of silica nanoparticle and
Xanthan gum showed better sweeping efficiency
than the foam with silica nanoparticles. This is due to
the apparent viscosity enhancement in the solution,
resulting lesser fingering problem in the micromodel.
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