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ABSTRACT

Polymer/surfactant flooding produced liquid is difficult to treat compared with water flooding due to large
guantities of residual chemicals which lead to serious emulsification. Dewatering rate of O/W emulsions by bottle
test, particle size distribution measurement and multiple light scattering measurements were employed to study the
stability of the O/W emulsions stabilized by both polymer and surfactant. O/W emulsions stabilized by polymer and
surfactant get more stable when polymer/surfactant concentration increased. Polymer contributes more to the
stability of O/W emulsions compared with surfactant. Polymer concentration is the key factor to stabilize O/W
emulsion because polymer can form rigid cross-link network at oil-water interface to enhance the stability of the
emulsions while polymer can enhance the viscosity of water and thus decrease the collision probability of oil
droplets.
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INTRODUCTION

Emulsion systems have been widely used in manysinidl fields. During the process of oil extractigmoduced
liquid is generated as a kind of emulsions, sucliV&S emulsions with low water content or O/W emuoiha with

high water content. The produced liquid is a migtof oil, water, clay particles and some other dbala such as
polymer and surfactant in chemical flooding produe&aste water [1-2].

Polymer/surfactant flooding produced liquid is idiffit to treat compared with that from water flooglidue to large
guantities of residual chemicals which lead to aesiemulsification. The destability of O/W emulsiocan be
accelerated by several chemical and physical metbadh as the use of flocculants [3] or demulsf[d} or acids
or bases [5] or low external electric field [6].i$t of great necessity to study the stability of tB/W emulsions
firstly before selecting treatment methods of dafitg of O/W emulsions [7-8].

In most field applications of polymer & surfactdlttoding (SP flooding) in china, the concentrationpolymer is
about 1000~1500 mg/L while the concentration ofaant is about 3000~5000 mg/L.

In this study, dewatering rate of O/W emulsionstipke size distribution measurement and multijdét scattering
measurements were employed to study the stabflitgeoO/W emulsions stabilized by both polymer andactant
to explain the influence of both polymer and sudat on the stability of the O/W emulsions andsirate the
stability mechanism of the O/W emulsions stabilibgcdboth polymer and surfactant.

EXPERIMENTAL SECTION
2.1 Materials

The crude oil from Xifeng oilfield has a water cent of less than 0.5%, and density and viscosit§7# kg.n®
and 12.4 mPa-s (at 50, respectively. The total salinity of Xifeng siratibn formation water is 5446 mg/L; the ion
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composition is: K, Na” 1890 mg/L; C& 160 mg/L; Md* 27 mg/L; CI' 2134 mg/L; SG 30 mg/L; HCQ™ 1205
mg/L. The polymer (partly hydrolyzed polyacrylamid¢PAM) with an average molecular weight (MW) 05210
and a degree of hydrolysis of 28% and surfactattt eimajor component of petroleum sulphonate drim@distry
products.

2.2. Preparation of synthetic O/W crude oil emulsions

The synthetic O/W emulsions stabilized by polymed aurfactant were prepared by mixing the crudeand the
simulated water with a certain amounts of polymad aurfactant (2:8, V/V) using a FM-200 homogeni@duko
Corp.) at 457 with a rotating speed of 6000 rpm for 10 mins.

2.3. Sability of synthetic O/W emulsion
Dewatering rate X was employed to evaluate theilgtabf the synthetic O/W crude oil emulsion whican be
calculated by the following formula:

X = V,/V, %100 1)

Where \4 is the original water volume of an emulsion santpdéore bottle test, Ms the separated water volume
after setting a certain time at 45 The bigger the dewatering rate is, the higherstability of the synthetic O/W
emulsion.

2.4 Particle size distribution measurement

Particle size distribution was analyzed by Rise@@Ger particle size analyzer (Jinan Rise Scigdechnology
Co., Ltd.) according to the full range Mie scattgritheory at room temperature. The measuremeneranffom
0.02um to 1200um.

2.5 Multiplelight scattering measurements

The stability of waste water was monitored by meaguthe transmittance and back scattering of aqalinear
infrared light =880 nm) by Turbiscan Lab Expert manufactured bynfdaction (France). The transmittance
detector received the light which passed throughdiBpersion at an angle of 180° with respectacstiurce, while
the back scattering detector received the lightted backward by the dispersion at an angle &f Bdlymer and
surfactant stabilized O/W emulsions were placed @yindrical glass tubes and submitted to Turhiscab Expert
stability analysis. The stability of emulsions ca@ evaluated by TSI parameter (Turbiscan Stabiiligex) by
Turbiscan EasySoft [9].

RESULTSAND DISCUSSION
The dewatering rate of the O/W emulsions stabilizgd. 000 mg/L polymer, 3000 mg/L surfactant andyp@r &
surfactant at 451 is shown in Fig. 1. It can be seen from Fig. 1 the O/W emulsion stabilized by 3000 mg/L
surfactant is less stable than that stabilized ®§01mg/L polymer. The O/W emulsion stabilized byyprer &
surfactant is more stable than that stabilizedddymer or surfactant.
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Figure 1. The dewatering rate of the O/W emulsions stabilized by polymer and surfactant

The emulsion decomposition [10] rate can be expokss a power-law function of the instantaneouslgomu
fraction available for decomposition according to:
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dX /dt =k, (X, = X)" -

Where X is the instantaneous decomposed fractidheoEmulsion, Xis the maximum achievable fraction of the
emulsion decomposition, n is the order of reactamd t is time, kis the decomposition rate constant. The initial
condition is defined by: X=0, t=td.

XM= (X = X)" =k (-t
f ( f ) d( d) (3)
The half-life of the emulsion based on the maximdetomposable emulsion fraction can be determined by
substituting X =0.5X
X, & - (05X, )"
(t=tg)y, =
(L-n)k, (4)

For our experiment data, n=0.4+=4.
The Straight-line plot of the present data of dewiag rate of the O/W emulsions versus time is shawFig. 2.
The remaining undecomposed emulsion versus tinsadsvn in Fig. 3, which was calculated with theskies in

Eq. (3).
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Figure 2. Sraight-line plot of the present data of the fraction of separated water from O/W crude oil emulsionsvs. time
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Figure 3. Fraction of remaining undecomposed emulsions
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The influence of 1000 mg/L polymer, 3000 mg/L satéent and polymer & surfactant on particle sizeritiation of
O/W emulsions is shown in Fig. 4. The average oilptets size of the O/W emulsion stabilized by 1006¢/L
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polymer is smaller than that stabilized by 3000 Imgdrfactant while the oil droplets of the former iinore
uniformly distributed. Accordingly, the average daifoplets size of O/W emulsion stabilized by polyn&
surfactant is smaller than that stabilized by paywr surfactant.
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(a) 1000mg/L polymer + 3000 mg/L surfactant; (b) 2000mg/L polymer; (c) 3000 mg/L surfactant
Figure 4. Particle size distribution of O/W emulsions stabilized by polymer and surfactant
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Figure5. Influence of polymer & surfactant concentration on stability of O/W emulsions

To further study the influence degree of polymed anrfactant on the stability of O/W emulsion sliabd by
polymer and surfactant, influence of polymer andastant concentration on TSI of the O/W emulsistabilized
by polymer and surfactant is further studied arel rissults is shown in Fig. 5. The higher the TSu@athe less
stable of the emulsion. It can be seen from Fithad TSI values of the emulsions stabilized by pwy decreased
more sharply with the increasing concentration @fymer compared with that stabilized by surfactdite results
show that polymer contributes more to the stabditgynthetic O/W emulsions stabilized by polymed surfactant
compared with surfactant.

All the results showed that polymer contributes entar enhance the stability of the O/W emulsions pamred with
surfactant. Polymer concentration is the key fatimtabilize the O/W crude oil emulsion.

The effect of surfactant is mainly to decreasewaiter interfacial tension while the main effect gaflymer to
stabilize the O/W emulsion is to increase oil-wateerfacial elasticity. But low interfacial tensias not the key
factor to stabilize emulsions [11] pointed. Polyngan form rigid cross-link network at oil-water énface to
enhance the stability of the emulsions while polyroan enhance the viscosity of water and thus dserghe
collision probability of oil droplets.
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CONCLUSION

O/W emulsions stabilized by polymer and surfactgat more stable when polymer/surfactant conceotrati
increased. Polymer contributes more to the stgbiit synthetic O/W emulsions stabilized by polynmemd
surfactant compared with surfactant. Polymer cotmaéon is the key factor to stabilize O/W emulsibecause
polymer can form rigid cross-link network at oil4®a interface to enhance the stability of the eiuks while
polymer can enhance the viscosity of water and deasease the collision probability of oil droplets
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