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O/W emulsion reinforced by nanosilica particle has good application in hydrocarbon development. However, there are few
reports on the inﬂuence of nanosilica particles on the oil-water interface of O/W emulsion. The eﬀect of nanosilica particles on
the interfacial properties of O/W emulsion was indirectly investigated by measuring the interfacial properties between aqueous
dispersion of nanosilica particles and kerosene, and the properties of O/W emulsion reinforced by nanosilica particle were
studied. The results showed that the aqueous dispersion of nanosilica particles could signiﬁcantly reduce the interface tension
(with kerosene) by more than 50%, and the interface tension between the aqueous dispersion and kerosene decreased with the
increase in nanosilica content. The aqueous dispersion of nanosilica particles could signiﬁcantly change rock wettability. When
the content of nanosilica particles increased from 0.1% to 0.7%, the contact angle decreased from 44.89° to 27.62°. The surface
tension of O/W emulsion prepared by the aqueous dispersion of nanosilica particles and kerosene was among 25 mN/
m~30 mN/m. The contact angle was also particularly small, with an average of about 20.00°, a minimum of 12.50°. The salts
had little eﬀect on the interface tension of emulsions but had a signiﬁcant inﬂuence on the contact angle and its stability.
Magnesium salt could reduce the three-phase contact angle and increase the hydrophilic properties of O/W emulsion, while
calcium salt had the opposite eﬀect. Calcium salt and magnesium salt could reduce the stability of the emulsion, and calcium
salt had a greater inﬂuence. The oil-water stratiﬁcation adding either calcium salt or magnesium salt was about 1 day~3 days
earlier than that without salts. In the experiment, when the content of nanosilica particles was among 0.3%~0.7%, the viscosity
of O/W emulsion increased with the increase in nanosilica particles. When the content was 0.9%, the viscosity suddenly
decreased, and the extent of reduction was about 21.7%. The ﬁndings of this study can help for better understanding the
application of nanosilica particles in O/W emulsion, giving some suggestions for the application of nanoparticles in
hydrocarbon development.

1. Introduction
With the increasing depletion of hydrocarbon resources and
the increasingly prominent contradiction between supply
and demand, it has always been the hot issue to dig the
development potential of the reservoir after water ﬂooding
and further improve both the utilization degree of the reservoir and the resource recovery in the ﬁeld of hydrocarbon

resource development [1–4]. Therefore, various methods
have been used in the attempt to improve oil recovery
[5–9]. Fracturing and acidizing are two mainly recommended methods for reservoir stimulation, and the role of
the stimulation techniques is to improve the seepage capacity
of the reservoir and reduce the seepage resistance [10, 11].
For conventional low-permeability reservoirs, they can accelerate the production rate, and for ultra-low-permeability
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reservoirs such as shale and tight sandstone reservoirs, it can
help to improve the ultimate recovery [12–14]. The chemical
ﬂooding has always been the most commonly employed techniques for enhancing oil recovery [15–18], such as surfactant
ﬂooding, polymer ﬂooding, alkali ﬂooding, emulsion ﬂooding,
and various chemical combination ﬂooding. The mechanism
of enhancing oil recovery by chemical ﬂooding has two
aspects: increasing sweep eﬃciency and enhancing oil displacement eﬃciency. Besides, CO2 ﬂooding and foam ﬂooding
are also widely applied for enhancing oil recovery [19, 20] and
their mechanism is similar to that of chemical ﬂooding.
Among them, emulsion ﬂooding is one of the most
important methods to enhance oil recovery [21, 22] and
shows a good application further in enhanced oil recovery
after water ﬂooding. Meanwhile, studies have shown that
in situ emulsiﬁcation of crude oil is also an important means
to enhance oil recovery, especially for heavy oil reservoirs
[23–26]. Besides, there are also reports on the application
of emulsion combined with carbon dioxide or foam to
enhance oil recovery [27, 28].
As an oil-water composite system, O/W emulsion has
good application in both adjusting the ﬂow proﬁle of reservoir ﬂuid and improving the ﬂuid sweep coeﬃcient. Besides,
in recent years, with the development of nanotechnology
and the integration of interdisciplinary approaches, nanotechnology has been gradually applied to various ﬁelds of
reservoir development, showing good applications [29–32].
Nanotechnology is the design and application of engineered or naturally occurring nanoparticles with the order
of 1-100 nm to accomplish speciﬁc purposes [33–35]. Nanoparticles possess two unique properties of ultrasmall particle
size and ultra-high-speciﬁc surface area. And material properties are sized dependent at the nanoscale; therefore, nanoparticles can be engineered to contain speciﬁc optical,
magnetic, interfacial, thermal, electrical, or chemical properties to perform speciﬁc functions. Combined together, these
unique properties allow nanoparticles to be used for many
purposes in the oilﬁeld. Nanosilica, nanoalumina, nanotitanium dioxide, nanoferric oxide, and nanocopper oxide are
all the nanomaterials used in the development of hydrocarbon resources [36–38], and they are served in various
aspects such as drilling ﬂuid ﬁltration reduction [39, 40],
cementing [41, 42], temperature sensor and thermal conductivity improvement [43], slow release of surfactant [44],
tracer, foam, and emulsion stability improvement [45–49],
fracturing ﬂuid performance improvement [50, 51], EOR,
and oily sewage treatment [37, 38, 52, 53], achieving good
results. Besides, the retention and adsorption of nanoparticles in porous media and their inﬂuence on ﬂuid transportation are also reported [54–59]. Most of the above reports on
the application of nanoparticles in hydrocarbon development are about nanosilica particles. And nanosilica particles
are widely favored in reservoir development due to their
wide source and high cost performance.
In the reports on the emulsion stabilized by nanoparticles, it was mainly about the eﬀect of emulsion on enhancing
oil recovery with the synergies of nanoparticles. However,
there were few reports especially on the eﬀect of nanoparticles on the interfacial properties of O/W emulsion.
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However, it is very important to study the eﬀect of nanosilica particles on the oil-water interface properties of O/W
emulsion for understanding the mechanism of nanosilica
particles strengthening O/W emulsion, and it can provide
reference for the application of nanoparticles in hydrocarbon development.
The previous reports were mostly about the application
of nanosilica particles in oil and gas development, and there
are no reports about the eﬀect of nanosilica particles on oilwater interface properties of O/W emulsion. In the O/W
emulsion system, nanosilica particles tend to adsorb on the
oil-water interface due to the diﬀerence between oil and
water, changing the interfacial properties, so as to change
the properties of O/W emulsion.
Therefore, it is of great signiﬁcance to study the eﬀect of
nanosilica particles on the oil-water interface of emulsion.
However, there are no methods or means to directly determine the interfacial properties of O/W emulsion currently.
In order to study the eﬀect of nanosilica particles on O/W
emulsion, the O/W emulsion interface reinforced by nanosilica particles is regarded as the interface between the aqueous solution of nanosilica particle and the oil phase. The
oil-water interfacial properties of the O/W emulsion are
approximately characterized by measuring the interfacial
properties between the two phases. And the general sketch
of the study is shown in Figure 1.
This method has some certain limitations. Since the
homogeneous O/W emulsion reinforced by nanosilica particle
is regarded as two phases—the aqueous solution of nanosilica
particles and oil phase, this method can only qualitatively analyze the inﬂuence of nanosilica particles on the interfacial
properties of O/W emulsion. It is necessary to explore other
experimental methods to accurately describe the distribution
of nanosilica particles in the O/W emulsion system and the
inﬂuence of nanosilica particles on the oil-water interfacial
properties in O/W emulsion. Besides, the study is only carried
out with the temperature 30°C, without investigating the eﬀect
of other temperatures.
In the study, diﬀerent concentrations of nanosilica aqueous solution and O/W emulsion reinforced by nanosilica
were ﬁrstly prepared, respectively. Then, the surface tension
of nanosilica aqueous solution, the interfacial tension
between nanosilica aqueous solution and kerosene, and the
contact angle of nanosilica aqueous solution were investigated with diﬀerent concentrations of nanosilica. After that,
the eﬀects of nanosilica particles on the stability and viscosity of O/W emulsion were investigated. Finally, the eﬀects of
salt content on the stability of O/W emulsion reinforced by
nanosilica and the properties of O/W emulsion reinforced
by nanosilica in the presence of sodium ions and magnesium
ions were also investigated. Totally, the experimental procedure can be summarized as shown in Figure 2.

2. Laboratory Experiments
2.1. Experimental Apparatus and Chemicals. Experimental
apparatus mainly include an SFZL-A automatic surﬁcial/
interfacial tensiometer, balance, blender, HWY-10 thermostat
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water bath, JGW-360a contact angle meter, rotary viscometer,
etc.
The main chemicals used in the experiment are nanosilica
particles (mean particle size 20 nm), emulsiﬁer FC, distilled
water, kerosene, calcium chloride, magnesium chloride, etc.
2.2. Experimental Methods
2.2.1. Preparation of O/W Emulsion. Firstly, nanosilica particles and emulsiﬁer FC were added to the beaker, and then,
the mixture was diluted with distilled water to the required
concentration. The nanosilica particles and emulsiﬁer were
fully dispersed in distilled water by stirring for 5 minutes
in a constant speed blender. Then, kerosene was added to
the beaker and stirred at a high speed for 20 minutes in a
constant speed blender to obtain O/W emulsion reinforced
by nanosilica particles.
2.2.2. Eﬀect of Nanosilica Particles on Oil-Water Interface
Properties. The nanosilica particles were added into distilled
water and fully stirred, so that the nanosilica particles were
fully dispersed in distilled water, and the aqueous dispersion
of nanosilica particles was obtained. The interface properties
between nanosilica particle dispersion and kerosene were
evaluated by using the SFZL-A automatic surﬁcial/interfacial
tensiometer and JGW-360a contact angle meter, and the

eﬀect of nanosilica particles on the oil-water interface properties was quantiﬁed.
2.2.3. Eﬀect of Nanosilica Particles on O/W Emulsion
Properties. O/W emulsions reinforced by diﬀerent contents
of nanosilica particles were prepared, and the stability, rheological properties, and salt resistance of O/W emulsions with
nanosilica particles were evaluated. The main instruments
included the NDJ-85 rotary viscometer and HWY-10 thermostat water bath.

3. The Experiment Result Analysis
3.1. Eﬀect Evaluation of Nanosilica Particles on Interface
Properties. The oil-water interface has a direct impact on
the emulsion properties; however, the oil-water interface
properties of O/W emulsion cannot be directly measured
and characterized. Interface tension and contact angle are
two commonly recommended parameters to characterize
the interface properties. So considering the adsorption of
nanosilica particles on the oil-water interface, the interface
tension and contact angle between the aqueous dispersion
of nanosilica particles and kerosene were measured, and
the eﬀect of the nanosilica particle adsorption on the oilwater interface properties of the emulsion was indirectly
quantiﬁed by interface tension and contact angle.
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3.1.2. Interface Tension between Aqueous Dispersion of
Nanosilica Particles and Kerosene. The aqueous dispersions
of nanosilica particles with the contents of 0.1%, 0.3%,
0.5%, 0.7%, and 0.9% were prepared, respectively, and the
interface tensions between aqueous dispersions with diﬀerent contents of nanosilica particles and kerosene were
measured.
The interface tension between water and kerosene was
taken as the reference, and the speciﬁc results are shown in
Figure 4. The interface tension between aqueous dispersion
of nanosilica particles and kerosene decreased rapidly and
ﬂuctuated slightly with the increase in nanosilica particle
content. Overall, there was little diﬀerence in interfacial tension between aqueous dispersion with diﬀerent silica contents and kerosene, and the interface tension between them
ﬂuctuated in the range of 17 mN/m~19 mN/m, which was
signiﬁcantly less than that between kerosene and water
(40.26 mN/m).
The nanosilica particles in aqueous dispersion were
adsorbed on the oil-water interface due to the diﬀerence in
properties at the oil-water interface, which played a role in
reducing the interface tension. Moreover, the ability of
nanosilica particles to reduce the interface tension was
related to their adsorption capacity. As solid particles, the
adsorption capacity of nanosilica particles on the oil-water
interface was limited, so the adsorption capacity on the
interface had reached saturation with small content of nanosilica particles. Therefore, the ability to reduce the interface
tension no longer increased with the increase in nanosilica
particle content.
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Figure 3: Relationship between nanosilica particle content and
surface tension.

Interface tension (mN/m)

45
40
35
30
25
20
15
0.0

0.2

0.4

0.6

0.8

1.0

Nano-silica particle content (%)
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interface tension.

50
45
Contact angle (°)

3.1.1. Surface Tension of Aqueous Dispersion with Nanosilica
Particles. The aqueous dispersions of nanosilica particles
with the contents of 0.1%, 0.3%, 0.5%, 0.7%, and 0.9% were
prepared, respectively. The surface tension of aqueous dispersions with diﬀerent contents of nanosilica particles was
measured, and the surface tension of distilled water was used
as a reference to clarify the eﬀect of nanosilica particles on
the surface tension of aqueous dispersion. In order to ensure
the accuracy of the measurements, the surface tension was
measured several times and their average was taken as the
value of surface tension. The speciﬁc results are shown in
Figure 3.
It could be obtained from Figure 3 that the surface tension of aqueous dispersion with nanosilica particles showed
the explicit trend of declining with the increase in nanosilica
particle content. When the content of nanosilica particles
was among 0.1%~0.5%, the surface tension decreased rapidly. When the content of nanosilica particles was about
0.5%, the surface tension decreased with the increase in the
nanoparticle contents. While the content of nanosilica particles was 0.9%, the surface tension reached the minimum,
54.33 mN/m.
The nanosilica particles in the aqueous dispersion
tended to be gradually adsorbed on the surface of the dispersion, with the inﬂuence of the interfacial diﬀerence between
the dispersion and the air, and the adsorption amount
increased with the content of nanosilica particle increasing,
thus reducing surface tension of the aqueous dispersion.
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Figure 5: Relationship between nanosilica particle content and
contact angle.

3.1.3. Contact Angle of Aqueous Dispersions with Nanosilica
Particles. The contact angles of aqueous dispersion with different contents of nanosilica particle were measured, and the
speciﬁc results are shown in Figure 5.
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Figure 6: Shear thinning of nanosilica particle aqueous dispersion.
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3.2. Eﬀect Evaluation of Nanosilica Particles on O/W
Emulsion Properties. After the eﬀect of nanosilica particles
on the interface properties of O/W emulsion was obtained,
the stability, viscosity, and salt resistance of O/W emulsion
reinforced by nanosilica particles were also systematically
evaluated. And all the O/W emulsions in the study were prepared with the volume ratio between oil and water being
3 : 7.
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sion at temperature 30°C. And the curves of diﬀerent colors
represented diﬀerent contents of nanosilica particles. The
aqueous dispersion of nanosilica particle had the signiﬁcant
phenomenon of shear dilution, and the viscosity decreased
rapidly with the increase in rotational speed. The rotational
rate of 30 r/min was the critical rate; when the rotational rate
was less than 30 r/min, the viscosity of diﬀerent nanosilica
aqueous dispersions decreased rapidly with the increase in
the rotational rate. In the study, when the content of nanosilica particle was 0.5%, the viscosity of O/W emulsion was
maximum, followed by that of 0.3%, 0.1%, 0.7%, and 0.9%.
When the content of nanosilica particle was 0.9%, the viscosity of O/W emulsion remained basically constant, and the
rotational rate had little eﬀect on the viscosity. Then, when
the rotational rate was greater than 30 r/min, the viscosity
of O/W emulsion was basically stable and no longer varied
with the rotational rate, and the viscosity diﬀerence among
O/W emulsions with diﬀerent contents of nanosilica particle
was small. And the viscosity of nanosilica particle aqueous
dispersions was diﬀerent when the content of nanosilica particle changed.
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Figure 7: Relationship between the rotational rate and emulsion
viscosity.

It could be seen from Figure 5 that with the increase in
nanosilica particle content, the contact angle of aqueous dispersion with nanosilica particles showed a declining trend.
When the content of nanosilica particles was 0.9%, the contact angle reached the minimum, about 25.56°. Since the
measured contact angle is the angle between nanosilica
aqueous dispersion and air on the interface of the glass slide
and the main components of nanosilica particles and glass
slide are basically the same, the adsorption amount of nanosilica particles on the surface of the glass slide increased with
the increase in their content, and their adsorption capacity
on the interface of aqueous dispersion and air was limited.
Therefore, the three-phase contact angle increased with the
increase in nanosilica particle content.
Figure 6 shows the relationship between the rotational
rate and the viscosity of nanosilica particle aqueous disper-

3.2.1. Eﬀect of Nanosilica Particles on Emulsion Stability. The
O/W emulsions with the content of nanosilica particle
among 0.1%~0.9% were prepared, and the eﬀect of nanosilica particle on the stability of O/W emulsion was investigated. As a solid medium, nanosilica particles could adsorb
on the oil-water interface to stabilize O/W emulsion. The
observation period was ten days. During the ﬁrst two days,
the O/W emulsions were observed every two hours, and on
the third day to the tenth day, the O/W emulsions were
observed every half day. And after ten days, the O/W emulsions reinforced by nanosilica particle were still evenly distributed and had good stability, without stratiﬁcation or
precipitation. The nanosilica particles adsorbed on the interface of O/W emulsion could form a network structure, and
the composite structure could improve the stability of the
interface ﬁlm, thereby improving the stability of the emulsion. The stability of the emulsion increased with the
increase in nanoparticle content.
3.2.2. Eﬀect Evaluation of Nanosilica Particles on the
Viscosity of O/W Emulsion. The relationship between the
rotational rate and the viscosity of O/W emulsion reinforced
by nanosilica particles is shown in Figure 7, and the viscosity
was measured at temperature 30°C. The curves of diﬀerent
colors in Figure 7 represented the diﬀerent contents of nanosilica particles. The viscosity of O/W emulsion decreased as
the rotational rate increased, and when the rotational rate
was greater than 30 r/min, the viscosity of O/W emulsion
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3.2.3. Viscosity Comparison between Aqueous Dispersion and
O/W Emulsion. The rotational rate of 12 r/min was adopted
to measure the viscosity of the aqueous dispersion of nanosilica particles and O/W emulsion reinforced by nanosilica
particles, and the content of nanosilica particles in both
aqueous dispersion and O/W emulsion was 0.1%, 0.3%,
0.5%, 0.7%, and 0.9%, respectively. Besides, the viscosity of
aqueous dispersion without nanosilica particles was taken
as the reference. As shown in Figure 8, the viscosity of aqueous dispersion with nanosilica particles was a little higher
than that without nanosilica particles, and with the content
of nanosilica particles increasing, the viscosity of aqueous
dispersion with nanosilica particles showed the trend of
increasing ﬁrstly and then decreasing. And when the content
of nanosilica particles was 0.5%, the viscosity of the aqueous
dispersion reached the maximum, 2.82 mPa·s. When the
content of nanosilica particles was 0.7%, the viscosity of
the aqueous dispersion reached the minimum, 1.02 mPa·s,
almost the same as that without nanosilica particles, and
was about one-third of that with the content of nanosilica
particles 0.5%. The viscosity diﬀerence between diﬀerent
aqueous dispersions was due to the uneven distribution of
nanosilica particles in the dispersion.
The viscosity of O/W emulsion reinforced by nanosilica
particles was obviously higher than that of aqueous dispersion while the content of nanosilica particles was the same.
As for the O/W emulsion reinforced by nanosilica particles,
when the content of nanosilica particles was 0.1%, the viscosity of O/W emulsion reached the maximum, 12.77 mPa·s.
However, when the content of nanosilica particles was 0.3%,
the viscosity of O/W emulsion reached the minimum,
7.71 mPa·s. When the content of nanosilica particles was
higher than 0.3%, the viscosity showed the trend of increasing ﬁrstly and then decreasing. When the content of nanosilica particles was 0.1%, there were no enough nanosilica
particles to stabilize O/W emulsion, so the system was unstable and the viscosity showed much higher. When the content of nanosilica particles increased, the O/W emulsion
tended to be stable and the emulsion particles tended to be
smaller, showing an increase in viscosity. And when the content of nanosilica particles was 0.9%, the nanosilica particles
were excessive, and the equilibrium of the system was disturbed, showing a decrease in viscosity.
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with diﬀerent contents of nanosilica particles was almost
the same. However, when the rotational rate was less than
30 r/min, O/W emulsion with diﬀerent contents of nanosilica particles showed the phenomenon of shear thinning.
The viscosity of O/W emulsion was not positively correlated with the content of nanosilica particles, and it
showed that the emulsion with the content of nanosilica
particle 0.1% had the highest viscosity, followed by that
with the content of nanosilica particle 0.7%, 0.9%, and
0.5%, and when the content of nanosilica particle was
0.3%, O/W emulsion had the lowest viscosity. The viscosity
diﬀerence between emulsions was related to the content of
nanosilica particle, its adsorption capacity on O/W interface, adhesion state, and emulsion particle size, and it
was a complicated process.

Geoﬂuids

10
8
6
4
2
0
0.0

0.2

0.4

0.6

0.8

1.0

Nano-silica particle content (%)
Aqueous dispersion
O/W emulsion

Figure 8: Viscosity comparison between aqueous dispersion and
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3.2.4. Eﬀect Evaluation of Salt Content on the Performance of
O/W Emulsion Reinforced by Nanosilica Particles. From the
above experimental evaluation, the stability and viscosity
properties of O/W emulsion with the content of nanosilica
particles 0.7% were better than those with other content,
and it could signiﬁcantly reduce both interface tension and
contact angle. So during the evaluation, the content of nanosilica particles in O/W emulsion was chosen as 0.7%.
(1) Eﬀect of Salt on Emulsion Stability. As for the eﬀect of salt
on the stability of emulsion, both magnesium salt and calcium salt were used to study their eﬀects on the stability of
emulsion, and the salt contents were selected as 0.008 mol/
L, 0.010 mol/L, and 0.020 mol/L, respectively. The observation period was ten days, and during the ﬁrst two days, the
O/W emulsions were observed every two hours, and on the
third day to the tenth day, the O/W emulsions were
observed every half day.
After ten days of observation, the O/W emulsion was
slightly transparent in the beaker with the magnesium salt
content of 0.020 mol/L, followed by the magnesium salt content of 0.010 mol/L. Therefore, it could be found that the
magnesium salt has the negative eﬀect on the stability of
O/W emulsion, and the higher the content of magnesium
salt, the greater the eﬀect on the stability of the emulsion.
However, on the whole, the emulsion with diﬀerent contents
of magnesium salts still had good stability. With regard to
the eﬀect of calcium ion, it was found that with the increase
in calcium ion, more transparent liquid was separated from
the upper layer of O/W emulsion. By ten days, there were
about 4 mm height precipitates in the beaker when the content of calcium ion was 0.020 mol/L, and there were obvious
ﬂoccules in the stratiﬁcation part. Therefore, calcium ion
also had a certain inhibitory eﬀect on the stability of O/W
emulsion, and the eﬀect was positively correlated with calcium ion content. On the whole, the eﬀect of calcium salt
on the stability of O/W emulsion was higher than that of
magnesium salt.
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Figure 11: Relationship between Ca2+ content and emulsion
surface tension.
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The addition of inorganic salts was conducive to reducing the charge number of the interface ﬁlm, compressing
the thickness of the double layer, reducing the repulsion
between the emulsion droplets, and facilitating the coalescence, thus eﬀectively accelerating the demulsiﬁcation of
emulsions. The demulsiﬁcation eﬃciency was related to the
ionic valence state and the radius of hydrated ions.
(2) Magnesium Ion (Mg2+). During the evaluation, the contents of Mg2+ were chosen as 0.008 mol/L, 0.010 mol/L, and
0.020 mol/L, respectively, and the eﬀects of Mg2+ on surface
tension, contact angle, and the stability of O/W emulsion
reinforced by nanosilica particles were studied.
As shown in Figure 9, generally, with the increase in Mg2+
content, the surface tension of O/W emulsion reinforced by
nanosilica particles ﬁrst increased and then decreased and
stabilized. When Mg2+ content was 0.008 mol/L, the viscosity
of O/W emulsion reached the maximum, about 26.99mN/m.
When Mg2+ content increased from 0.008 mol/L to
0.010 mol/L, the surface tension of O/W emulsion decreased
greatly. After Mg2+ content was greater than 0.010 mol/L, the
surface tension showed a stable trend.
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Figure 12: Relationship between Ca2+ content and emulsion
contact angle.

As shown in Figure 10, with the increase in Mg2+ content, the contact angle of O/W emulsion reinforced by nanosilica particles generally showed a decreased trend, and Mg2+
content of 0.010 mol/L was taken as the critical point; when
Mg2+ content was greater than 0.010 mol/L, the decreased
amplitude was a little greater.
(3) Calcium Ion (Ca2+). For the convenience of comparison,
the content of Ca2+ in the experiment should correspond to
the content of Mg2+, and the contents of Ca2+ were chosen
as 0.008 mol/L, 0.010 mol/L, and 0.020 mol/L, respectively.
The evaluation parameters were also the same, namely, surface
tension, contact angle, and emulsion stability, respectively.
As shown in Figure 11, with the increase in Ca2+ content, the surface tension of O/W emulsion reinforced by
nanosilica particles generally showed the trend of decreasing ﬁrstly and then increasing and being stable, which
almost showed the opposite trend of the eﬀect of Mg2+.
The surface tension of O/W emulsion reinforced by nanosilica
particles aﬀected by Ca2+ was limited to 26 mN/m~27 mN/m,
whose ﬂuctuation was much smaller than that aﬀected by
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Mg2+. It showed that the surface tension of O/W emulsion was
related to not only ion content but also ion type.
As shown in Figure 12, the contact angle of O/W emulsion reinforced by nanosilica particles generally increased
with the content of Ca2+ increasing. When Ca2+ content
was 0.020 mol/L, the contact angle was about 1.5 times that
without Ca2+. Ca2+ content of 0.010 mol/L was taken as the
critical point; when Ca2+ content was greater than
0.010 mol/L, the contact angle increased rapidly with the
increase in Ca2+ content. However, while Ca2+ content was
less than 0.010 mol/L, the contact angle increased slowly
with the increase in Ca2+ content. So, as the content of
Ca2+ increased, the hydrophobicity of O/W emulsion
increased gradually.

4. Summary and Conclusions
(1) The aqueous dispersion of nanosilica particles could
signiﬁcantly reduce the interface tension (with kerosene), and the extent of reduction was more than
50%. In terms of reducing the interface tension, the
interface tension was 17.02 mN/m when the content
of nanosilica particles was 0.9%. And the interface tension was 16.96 mN/m while the content was 0.1%. The
decrease in interface tension was not positively correlated with the content of nanosilica particles
(2) The aqueous dispersion of nanosilica particles could
signiﬁcantly change rock wettability. When the content of nanosilica particles increased from 0.1% to
0.7%, the contact angle decreased from 44.89° to
27.62°, showing a strong hydrophilic property. The
relationship between contact angle and the content
of nanosilica particles was not linear
(3) The surface tension of O/W emulsion reinforced by
nanosilica particles was among 25 mN/m~30 mN/
m, which was at a low value. The contact angle was
also very small, with the average of about 20.00°
and a minimum of 12.50°, showing a strong hydrophilic property
(4) The salts had little eﬀect on interface tension of O/W
emulsion reinforced by nanosilica particles but had a
signiﬁcant eﬀect on the contact angle and stability of
O/W emulsion. In the experiment, magnesium salt
could reduce the three-phase (O/W emulsion, air,
and glass slip) contact angle and increase the hydrophilic properties of O/W emulsion, while calcium
salt had the opposite eﬀect
(5) Both calcium salt and magnesium salt could reduce
the stability of O/W emulsion reinforced by nanosilica particles. The stability of O/W emulsion without
either calcium salt or magnesium salt was about 10
days, but the oil-water stratiﬁcation adding either
calcium salt or magnesium salt was about 1 day~3
days earlier than that without salts; besides, calcium
salt had a greater impact on the stability of O/W
emulsion

(6) When the nanosilica particle content was among
0.3%~0.7%, the viscosity of O/W emulsion increased
with the increase in nanosilica particle content.
When the content of nanosilica particles was 0.9%,
the viscosity suddenly decreased, and the maximum
extent of reduction was 21.7%
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