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Abstract. The evaluation standard of emulsion stability of oil-in-water drilling fluid is
determined in this paper, based on which an evaluation analysis is conducted for the
influence factors of emulsion stability, including the addition of emulsifier, addition of
stabilizer, stirring speed, weighing agent, clay, etc. to gain the corresponding regularity
understanding.
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1. Introduction

Oil-in-water drilling fluid is an emulsion that forms via emulsification with water (or brine) as
continuous external phase and oil (or diesel oil and white oil) as dispersion phase, and it also includes
other treating agents like filtrate reducer, drilling fluid stabilizer, flow pattern regulator, etc.. Oil content
in oil-in-water drilling fluid usually used is between 30~60%, the drilling oil has better cuttings-carrying
property, filtration reducing property, suspension property and rheological property, and may adjust oil-
water ratio within a certain range. This system was applied by Daqing Oilfield for the first time in 2000
for well drilling, and was successively applied in tens of wells with ideal effect obtained, during which
the emulsion stability played an important role. Therefore, it is one of the primary work in drilling
construction to research the emulsion stability of oil-in-water drilling fluid.

2. Evaluation Standard of Emulsion Stability of Oil-in-water Drilling Fluid

Evaluation methods of the emulsion stability usually used include standing observation, conductivity
test, surface tension measurement, determination of dispersion stability, etc., and the resistivity
measurement method and standing observation method are mainly adopted in this paper for evaluation.

2.1 Resistivity Measurement Method
Emulsion stability is usually measured with electric conductivity meter. Resistivity is the reciprocal of
conductivity, and can also be applied to measure the status of stability. RES2000 resistivity meter is
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adopted in this paper to determine the resistivity value of each sample, which can be converted to the
value under 17°C automatically while measured at the room temperature for comparison. With smaller
resistivity, it is closer to the resistivity of water (Rs=2€2-m), which indicates that oil-in-water emulsion
is more stable. While in actual use, generally the emulsion is stable while its resistivity reaches
1.67~3.3Q'm.

2.2 Standing Observation Method

According to the gravity and Stokes’ law, the settling velocity formula of spherical particle in the
mediumis v= (2r2/9n) (p-p0), therefore, standing experiment is the most conventional and most intuitive
method to evaluate the stability. Steps of this method: place the emulsified drilling fluid well prepared
in the measuring cylinder, let it stand at room temperature from several hours to several days after sealed,
observe and record the layering condition or the precipitated amount of water and oil regularly to
evaluate the effect of emulsion stability.

Additionally, filtration property is also a sign for stability of oil-in-water drilling fluid.

3. Laboratory Experiment

3.1 Experimental Materials

Clear water, p=1.00g/cm3; 0# diesel oil, p=0.84g/cm3; emulsifier (trade name: OW-200); stabilizer
(trade name: FRJ-2); bentonite, barite. Drilling fluid composition: 60% of diesel oil+ 40% of clear
water+ emulsifier (all are volume fraction, and the volume of emulsifier is included into the water phase)
+ treating agent.

3.2 Influence of Emulsifier on Emulsion Stability

3.2.1 Selection of Emulsifier Type. According to pertinent literature, HLB of surfactant required while
emulsified diesel oil forms oil-in-water emulsion should be between 13.6~14.3, HLB of emulsifier
selected in this experiment is exactly within this range, that means it can form oil-in-water emulsion
with good emulsion stability, high temperature resistance, good compatibility with various drilling
agents. Water-oil ratio of drilling fluid thus prepared has wide range (may reach 1.5:1), which can meet
the requirement of the experiment.

3.2.2 Adding Method of Emulsifier. Most emulsifiers used for oil-in-water emulsified drilling fluid are
water-soluble, which means the hydrophilic is larger than lipophilicity. While added in water during
experiment, emulsifier can dissolve completely; while added in oil, it cannot dissolve completely, and
appears residual at the wall and bottom of the container, thus failing to exert its role completely.
Therefore, while used, oil-in-water emulsifier should be fully dissolved in water first to reach the best
emulsifying effect.

3.2.3 Volume Fraction of Emulsifier. Clear water that accounts for 40% in the total volume of drilling
fluid prepared is weighed and poured into the high-speed stirring cup, and the emulsifier can be added
into clear water respectively as per 3%~8%, because oil-in-water emulsifier OW-200 is water-soluble.
Stir for Smin with GJSS-B12K variable-frequency high speed mixer (at the third gear) (3x103r/min) to
make emulsifier fully dissolved in water. Then weigh diesel oil that accounts for 60% in the total volume
of drilling fluid prepared and add in water-emulsifier system, stir in high speed and measure respectively;
the measured value is shown in Table 1.
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Table 1 Influence of Emulsifier Volume Fraction on Stability

Emulsifier dosage  Resistivity R, Layering volume after standing for 5d FL
(%) (Q.m) (mL) (mL)
3 6.64 6.3 2.8
4 6.21 5.4 2.8
5 5.65 4.0 2.6
6 5.43 3.2 2.6
7 5.09 2.5 2.6
8 4.92 2.0 2.4

Data in Table 1 show that under the same oil-water volume ratio and the same emulsifier, as the
volume fraction of emulsifier increases, the resistivity, layered volume and water loss value will reduce
and the emulsifying effect will be enhanced. The emulsion thus prepared is milk white and stable with
small particles. In considering the preparation cost, the usage amount of emulsifier in subsequent
experiment is set as 5%.

3.3 Influence of Shearing rate on Emulsion Stability

After the emulsifier is fully dissolved in water, diesel oil accounting for 60% of the total volume is added
and then is stirred at different rates (the fourth gear: 4x1031/min; the sixth gear: 6x103r/min; the eighth
gear: 8x1031/min; the tenth gear: 10x103r/min; the eleventh gear: 11x103r/min; the twelfth gear:
12%103r/min) for 40min respectively.

Stirring in high speed helps disperse emulsifier and two phases of oil and water, but it may lead to
foaming during high-speed emulsification. After high-speed stirring, it is stirred for 10min at low speed
(at the third gear: 3x103r/min), which may greatly reduce the quantity of foam, besides, the foam
becomes exquisite; this helps that the emulsifier on the interface is adjusted towards the more regular
and more compact direction and is convenient for subsequent measurement.

Table 2 Influence of Shear Rate on Stability

stirring rate Resistivity R, Layering volume after stan_ding
(103r/min) (Q.m) for 5d at homoeothermic
(mL)

4 6.05 55

6 5.83 5.0

8 5.65 4.0

10 5.41 2.0

11 5.35 15

12 5.24 1.0

As can be seen from Table 2, with higher shearing rate in stirring, the resistivity of emulsion
measured is smaller, is closer to the resistivity value of clear water, and this system has a relatively
stronger stability. This is mainly because high shear can make oil-water particles finer and contact with
emulsifier in a better way, thus forming more stable emulsion drops.

This point is also verified in the standing experiment, while other factors keep unchanged, with better
dispersion, the particle radius r is smaller, the settling velocity is smaller, and it is harder to form
settlement and aggregation. While it is discovered through the standing experiment under normal
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temperature that four samples showed layering in different degrees after 5d, therefore, it is impossible
to completely stabilize the emulsion only by means of high shearing rate, and the emulsifying
effectiveness must be enhanced via other treating agents.

According to this experiment, the stirring rate for the subsequent experiment sample is determined
at the twelfth gear.

3.4 Influence of Borehole Stabilizer on Emulsion Stability

Borehole stabilizer FRJ-2 used in this experiment is cationic condensate, which has certain inhibiting
effect on clay, can reduce the filtrate loss and maintain strong stability of borehole. Borehole stabilizer
of different proportions is added into the prepared oil-water emulsion respectively, then is stirred at the
twelfth gear for 1h, and is finally measured after stirred at the third gear for 10min.

Table 3 Influence of Shaft Stability on Stability

Layering volume after standing

Resistivity R; FL

Composition for 5d
Oil-water-emulsifier 5.24 10 —
Oil-water-
emulsifier+1%stabilizer 3.02 0.2 15
Oil-water-
emulsifier+2%stabilizer 2.20 0.1 0.8
Oil-water-
emulsifier+3%stabilizer 181 0 0.7
Oil-water-
emulsifier+4%stabilizer 1.67 0 0.7
Oil-water- L5o ; N,

emulsifier+5%stabilizer

As can be seen from Table 3, addition of stabilizer can decrease the resistivity and filtrate loss quickly,
reduce the layering volume obviously, and thus improve the emulsion stability to a great extent.
Stabilizer particle has a good stability in water, and can gather on the oil-water interface to form another
layer of solid film, to enhance the strength of the original interfacial film and protect the dispersed
droplets, thus making the emulsion more stable. With increase of stabilizer addition, the resistivity value
constantly decreases, but the decrease degree is constantly reduced. When the addition exceeds 3%, it
is discovered via the standing observation that no layering happens after 5d, and the stabilizer addition
in subsequent experiment is determined as 3% in consideration of the stability and cost.

4. Conclusion
(1) While preparing oil-in-water, emulsifier should be dissolved in water first, and the stable emulsion
may form as the volume fraction is 5%.

(2) If the same stirring time is kept, the stirring rate will influence the stability of emulsion to some
extent, and the system will be the most stable at 12x103r/min.

(3) The system will be more stable while reducing filtrate loss for the stabilizer. The system has
strong stability at addition of 3%.

(4) With larger addition of weighing agent, the resistivity and standing layering volume are larger,
and the system will exceed the stable range as the addition gradually reaches 60%.

(5) Addition of clay enhances the grid structure of the system and improves its stability, and the
system is still stable while added to 10%.
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