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Introduction

Low-salinity waterflooding is a practical method for
improving oil recovery from green and mature oil fields.
Multiple mechanisms have been proposed for the low-
salinity water injection process. These mechanisms
have been inferred from practical observations at
different length scales, and can be divided into two
main groups: i)fluid-fluid and rock-fluid interactions.
Moreover, the mechanisms related to ii) rock-fluid
interactions include: 1-fine particles migration, 2-pH
change, 3-multivalent ion exchange, 4-surface charge
alteration and double layer expansion, and 5-mineral
dissolution. The mechanisms related to fluid-fluid
interactions include: 1-oil-brine emulsion formation,
2-osmotic effects, 3-changes in interfacial tension, and
4-changes in the viscoelasticity of oil-brine interface,
among other mechanisms [ 1, 2]. Nevertheless, despite
numerous studies to understand the mechanisms of
low-salinity water, no single effective mechanism
can be pinpointed to explain all observations, and it
appears that multiple mechanisms are in action. It has
been proven that changing the interfacial properties
of the two fluids is one of the important mechanisms
in the low-salinity water injection process. The
interface between brine and oil can exhibit viscous
or elastic behavior depending on the type and amount
of ions and the polar compounds of the oil phase
(such as asphaltenes). Researchers conducted various
experiments to study the interfacial properties of the
two fluids and found that changing the composition
of the brine alters these properties [3, 4]. Some
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researchers discovered that reducing the salinity of the
water makes the interfacial behavior of the two fluids
more elastic, and this flexibility at the interface leads
to an increase in oil recovery due to reduction in the
oil break-up [5-7].

In this paper, a fit-for-purpose visual system was
manufactured to study the viscoelasticity of oil-
brine interface via coalescence experiments. To
investigate the effect of ion types on the coalescence
of two adjacent oil droplets, different brines were
made containing calcium chloride, sodium chloride,
magnesium chloride, and sodium sulfate salts at
different ionic strengths.

Materials and Methods

The interfacial properties of oil-brine were measured
by determining the coalescence time of two oil
droplets in the presence of brine. The coalescence time
determines the elasticity of the interface. The brines
used in this study were made from sodium chloride,
calcium chloride, magnesium chloride, and sodium
sulfate salts at ionic strengths of 0.01, 0.1, 1, and 2 M.
The crude oil used in this study was from the Bangestan
reservoir in southern Iran. During the experiments,
two oil droplets with diameters of 2-2.3 millimeters
were placed opposite each other in the presence of
brine (Fig. 1) and, after an aging period, were brought
into very close contact. The time between the moment
of contact and the merging of the two oil droplets was
measured accurately by using a digital camera.



Fig. 1 Aging of oil droplets in the saline water to examine
their coalescence.

Results and Discussion

At the interface of the two fluids, an organized
structure of the ions present in the brine, the water
molecules, and the polar oil compounds may be formed
at a certain salinity. The behavior and stability of this
structure depends on the composition of the brine and
the polar oil molecules. In Fig. 2, the time it takes for
two oil droplets to merge in the presence of brine for
different salts and at varying ionic strengths is shown.
As observed, the merging time of two oil droplets in
the presence of all brines exhibits a non-monotonic
abehavior, and depending on the type of ions present
in the water, the merging time reaches its maximum
at a specific concentration. In the presence of sodium
chloride brine, the maximum merging time at an ionic
strength of 0.5 M is 21.1 s. In the presence of sodium
sulfate brine, the maximum merging time at an ionic
strength of 0.01 M is 18.26 s. In calcium chloride
brine, the maximum merging time at an ionic strength
of 0.05 M is 21.51 s, and for magnesium chloride
brine, the maximum merging time at an ionic strength
of 0.05 M is 20.6 seconds. The maximum merging
time in divalent salts was recorded at a lower ionic
strength compared to monovalent salts. This is because
divalent ions can form an organized structure at the
oil-brine interface at a lower ionic $trength compared
to monovalent ions. Additionally, by comparing the
results of sodium chloride, magnesium chloride, and
calcium chloride salts, it can be seen that the interface
structure of the two fluids is more dependent on the
type of cation in the brine. Regarding the result of
sodium sulfate salt, it can be stated that the sulfate
anion shows different behavior at the interface of
the two fluids, and there is doubt about its significant
impact on the elastic properties of the interface of the
two fluids. The formation of an organized structure
at the interface of the two fluids creates a flexible
surface layer (membrane like). This interface property
prevents the division of large oil masses into smaller
masses (i.e., break-up) when passing through narrow
pore throats. Ultimately, this phenomenon increases
the sweep efficiency of low-salinity water injection,
especially in secondary mode flooding.
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Fig. 2 Coalescence time for oil droplets aged in NaCl, CaCl,,
MgCl, and Na,SO, solutions at different ionic strengths.

Conclusions

In this paper, the merging of two oil droplets in the
presence of brine containing sodium chloride, calcium
chloride, magnesium chloride, and sodium sulfate at
different ionic strengths, along with the design and
construction of a new apparatus, was investigated.
The phenomenon of merging two oil droplets in the
presence of brine depends the elastic properties of the
interface between the two fluids (brine and oil) and
affect the continuity of the oil phase. Without main-
taining this continuity, other mechanisms affecting
the wettability of the rock will also be less effective.
Based on the experiments conducted, the final conclu-
sions of this study are as follows:

¢ In all the brines considered in the experiments, the
merging time of two oil droplets showed non-mono-
tonic behavior with salt concentration or salinity. This
means there is an optimal salinity where the coales-
cence time is at its maximum and the oil-break-up can
be suppressed.

* Salts containing divalent cations (such as calcium
chloride and magnesium chloride) reach the maxi-
mum merging time of two oil droplets at a lower ionic
strength compared to salts containing monovalent cat-
ions. Additionally, the changes in the merging time of
two oil droplets in the presence of sodium sulfate salt
are less than the changes in other salts.
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