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Abstract. The composition change of microemulsion system in microemulsion flooding will inevitably

cause the change of phase behavior. Microemulsion with different phase types directly affects its
performance and displacement efficiency of microemulsion flooding. Therefore, in order to accurately

describe this change, this paper, starting from the composition of microemulsion, gives the physicochemical

properties characterization methods of microemulsion phase density, viscosity and interfacial tension, and
simulates the change of physicochemical properties of microemulsion phase caused by microemulsion

entering the high water-oil ratio zone in the process of flooding. The research results are of great
significance for screening microemulsion systems and determining the displacement efficiency.

,QWURGXFWLRQ

Microemulsion is a four-component dispersion system
composed of water (or different concentrations of brine),
oil, surfactant and cosurfactant. It is usually necessary to
make tetrahedron phase diagram to completely reflect
the phase change. However, the characterization of such
complex phase requires a lot of basic data and tedious
experimental data processing. In order to simplify the
phase characterization method, the pseudo-ternary phase
diagram is generally used U3, That is to say, three
pseudo-ternary phase diagram with different component
concentrations are intercepted in the tetrahedral phase
diagram, and the three pseudo-ternary phase diagram can
be connected by the component concentration. In this
way, the phase change caused by different component
concentrations can be characterized by the pseudo-
ternary phase diagram [*#l. The commonly used pseudo-
three phase diagram is generally divided into 2
categories, one is to fix mass ratio of surfactant and
cosurfactant, and the other is to fix mass ratio of water
and oil. In fact, the mass ratio of water and oil is
constantly changing in the process of microemulsion
flooding. Therefore, the most commonly used method is
the pseudo-three phase diagram method consisting of
fixed mass ratio of surfactant and cosurfactant. The
phase behavior change of microemulsion can be
achieved by changing the concentration and type of
surfactant and cosurfactant, the type of oil phase, salinity,
water-oil ratio and temperature.

The phase behavior of microemulsion has a direct
effect on the performance and displacement efficiency of
microemulsion. He Wei and Shen Weiguo ' measured
the density of microemulsion system at different
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temperatures of different water /AOT substances, and
studied the variation of apparent mass per unit volume
with solute (AOT and water) mass fraction. It is found
that the density of microemulsion does not correlate with
the concentration of surfactant when the amount of
surfactant is below the critical micelle concentration
CMC. When the mass fraction of solute is greater than
0.1, the apparent unit mass volume of solute has a linear
relationship with its mass fraction. Zhou Bingling and
Kong Hui ['"1?1 selected the twelve-alkyl-sulphate/n-
butanol/Na,COs3; microemulsion system. It was found
that when microemulsion/oil interfacial tension was
equal to that of microemulsion/water, the system was the
best medium phase microemulsion. The interfacial
tension was the lowest, reaching ultra-low interfacial
tension of 10°~10*mN/m, which had good oil
displacement efficiency and residual oil saturation
reduced to 16.7%. Therefore, accurately characterizing
the changes of physicochemical parameters caused by
changes in salinity and water-oil ratio in microemulsion
flooding is of great significance for screening
microemulsion system and determining displacement
efficiency.

SK\WVWLFRFKHPLFDO SURSHUWLF

RI PLFURHPXOVLRQ SKDVH

Surfactant molecules in microemulsion system have two
affinity, which can reduce interfacial tension at the oil-
water interface, and can also adsorb on the surface of the
rock to change wettability. Under the influence of
adsorption, the composition of the system changes,
which also affects the structure, composition, phase and
properties of the microemulsion system. According to
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the three phase diagram of microemulsion, the phase
state and equilibrium phase composition of any
microemulsion system can be accurately determined, and
the physicochemical parameters (microemulsion density,
viscosity and interfacial tension) of the microemulsion
phase are characterized.

OLFURHPXOVLRQ GHQVLW\

The density of water, oil, surfactants and cosurfactant
used to prepare microemulsion system at reservoir
temperature is determined by ordinary densitometer.
Because the salt density can not be directly obtained, the
density of two microemulsions under different salinity
can be determined by densitometer, and the parameter os
is calculated. Then, according to the composition of the
new phase model of different microemulsion systems,
formula (1) is used to calculate the microemulsion phase
density.
1 ¢, ¢ C. C
I lm+ 2m+ 3m+ 4m+a5C5m (1)
Pn P P P Py
Where, k=1,2,3,4,5—represent water, oil, surfactant,

cosurfactant and salinity in microemulsion,
p—component k density, g/cm’,
as—obtained from laboratory experiments,
Cin—mass fraction of k in microemulsion phase, %.

OLFURHPXOVLRQ YLVFRVLW\

The viscosity of different microemulsion systems under
different salinity was measured by viscometer.
According to phase diagram, the viscosity and phase
concentration of oil, water and surfactant in different
microemulsion systems were calculated, and the
viscosity of liquid phase was calculated by formula (2).

o= qlﬂweal(czﬁ'c,u) +C21ﬂ0€a2(ql+c3l) +C31673€(a4q’+a5cy) (2)

Where, ai, a2, as, as, as—input parameter.
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Because terms Cim/Csm o Com/Csm in Healy model
are generally greater than 1, and sometimes do not show
a linear increasing or decreasing trend in actual
calculation. Therefore, the Healy model is improved.
The term of Cim/C3m or Com/Csm in the above formula is
modified to Cin/(1-C3m) or Con/(1-Csm), and the value
range is between 0 and 1.
microemulsion/water interfacial tension:
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g mw g o 12 G13 Clm/(l—C3m)+l ( )
microemulsion/oil interfacial tension:
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In the formula, Gi1, G2, Gi13, Ga1, G, G are all
input parameters and can be obtained from experimental
data. For W/O microemulsion, /=w, for O/W
microemulsion, /=0, When there is no surfactant in the

system or surfactant concentration is lower than CMC,
interfacial tension [FT=6y..

SK\WWLFRFKHPLFDO SURSHUWLH
ODZ RI PLFURHPXOVLRQ SKDVH

The variation law of physicochemical properties of
microemulsion phase when optimum salinity and salinity
changes are studied below.

OLFURHPXOVLRQ LOQWHUIDFLDO WHQNHROQRSWLPXP VDOLQLW\

After the microemulsion is injected into the formation,
the microemulsion phase is formed, which is different
from the water and oil phase. Microemulsion phase
produces interfacial tension of microemulsion/oil (omo)
and microemulsion/water (omw) at the interface between
oil and water. At present, the Healy model is often used
to calculate the interfacial tension. When the phase
composition is determined, the interfacial tension
between the microemulsion and the enriched phase (omo
or omw) is calculated as a function of the solubility
parameter.
W/O type microemulsion/water interfacial tension:

G, G,
lgF +G+—— L S0
S NeveaTew G,

G
IgF +lgo. H G+ —lgo
go— g\w|:q2q3+lgm

lga,, =

% &<1.0
C;m Qm

O/W type microemulsion/oil interfacial tension:
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Fig. 1. microemulsion phase diagram
At optimun sulinity, when water-oil ratio increases, the
amount of solubilizing water Ci/(1-C3m) increases and
solubilized oil Con/(1-Csm) decreases. The composition
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of microemulsion system moves along I right nodel line
to triple point to II left nodel line, and the microemulsion
formation occurs in O/W type microemulsion medium
phase microemulsion W/O type microemulsion
transformation. On the whole, the microemulsion density
showed an upward trend, and the viscosity of the
microemulsion increased first and then decreased. Under
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the optimum sulinity, when the mass fraction of water
component in oil water is more than 0.2, the viscosity of
O/W microemulsion formed by any water mass fraction
is lower than that of W/O type microemulsion formed by
the same oil mass fraction. The interfacial tension of
microemulsion/oil decreases gradually and the interfacial
tension of microemulsion/water increases.
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Fig. 2. microemulsion phase diagram and physicochemical parameters (Csg=Csgop)

‘KHQ VDOLQLW\ FKDQJHYV

With the increase of salinity, when the ratio of water to
oil increased, the density of O/W microemulsion
decreased gradually, the density of W/O microemulsion
increased gradually, and the density of microemulsion
decreased gradually. The composition of microemulsion
system is changed from I, III to II microemulsion, and
the viscosity increases first and then decreases. When the
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salinity is 0.4%, the O/W type microemulsion is formed
and the viscosity is 7.98mPa-s. When the salinity is 1.6%,
the viscosity reaches the maximum of 17.46mPa-s.
When the salinity is more than 2.8%, the W/O type
microemulsion is formed, the viscosity is 12.04 mPa-s.
Compared with the O/W type microemulsion made of
similar systems with low salt content, the viscosity of the
oil outer phase microemulsion is higher.
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Fig. 3. microemulsion physicochemical parameters at different salinity
Table 1. microemulsion physicochemical parameters at different salinity
.. . . interfacial interfacial
Sa(l;/n)lty Type Cim Com Csm Clcm/()l_ Cén/()l- \E;;;(;Slst)y tension tension omw

° m im Gmo (MN/m) (mN/m)
0.4 1 80.13 5.94 13.93 0.93 0.07 7.98 0.0020 0.0268
0.8 1 79.29 6.92 13.79 0.92 0.08 8.86 0.0020 0.0222
1.2 11T (I right) 71.17 16.42 12.42 0.81 0.19 14.79 0.0021 0.0073
1.6 111 60.54 27.20 12.26 0.69 0.31 17.46 0.0023 0.0042
2.0 I 43.31 43.31 13.38 0.50 0.50 17.11 0.0028 0.0028
24 I 24.75 64.11 11.15 0.28 0.72 13.55 0.0046 0.0023
2.8 11T (11 left) 15.19 72.24 12.56 0.17 0.83 12.04 0.0081 0.0021
3.2 11 6.92 79.29 13.79 0.08 0.92 10.76 0.0222 0.0020
3.6 1I 5.94 80.13 13.93 0.07 0.93 10.61 0.0268 0.0020

Under low salinity, the system is Winsor I type, and
the microemulsion/oil interfacial tension om, is larger
than that of microemulsion/water interfacial tension omw,
increasing the salinity and the microemulsion toward
Winsor III transition, microemulsion/oil interfacial
tension decreased, solubilizing oil phase ability
increased, microemulsion / water interfacial tension
increased, water release capacity increased, reached
ultra-low interfacial tension (10“~102mN/m), and
continued to increase salinity, the system was Winsor II
phase state, microemulsion / oil interfacial tension om,
was smaller than microemulsion/water interfacial tension
Omw. When oo is equal to omw, the corresponding salinity
is the optimum salinity. This characteristic plays an
important role in improving oil recovery by
microemulsion flooding.

&RQFOXVLRQV

(1) The main influencing factors of phase change are
surfactant concentration, additive concentration, salinity,
water oil ratio and temperature. By increasing
concentration of surfactant and cosurfactant, salinity
water-oil ratio and decreasing temperature (ionic
surfactant), the system can change from I to III to II.

(2) According to three phase diagram of
microemulsion, any microemulsion system containing
any total salinity can be obtained, and the main
physicochemical parameters such as density, viscosity,
and interfacial tension of microemulsion can be
established. It can provide basic parameters for
numerical simulation of ultra-low permeability reservoir
microemulsion flooding.
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