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Abstract 
In this paper, SDS and Span80 were used as complex emulsifiers to prepare GY-3/CS 
integrated emulsion against wax and scale by two-phase emulsification method, and the 
influences of oil-water ratio, amount of emulsifier, amount of mutual solvent and other 
factors on the stability of the emulsion were investigated. The results determined that 
the optimal parameters for the stability of the integrated oil-in-water system. The HLB 
value is in the range of 10-13, the oil-water ratio is 1:3, the amount of emulsifier and 
mutual solvent is 7%, the stirring speed of the emulsification reaction is 1000-1200 
r/min, and the emulsification temperature is kept at 20-40 ℃. Moreover, the particle 
size, viscosity, scale inhibition and wax inhibition performance of the integrated 
emulsion were tested. The results showed that the average particle size of the integrated 
emulsion was 920 nm, and the scale inhibition rates of CaCO3, CaSO4 and BaSO4 were 
86.58%, 82.34% and 76.36%, respectively, under the dosage of 800 mg/L. The average 
wax inhibiting rate is 80.39%, and the pour point is reduced by 7.5 ℃. 
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1. Introduction 

With the development of the oilfield, the mixed production and transportation of crude oil in different 
layers leads to serious scaling in the stratum, wellbore, and surface gathering and transportation 
systems[1, 2]. The wax deposition in different crude oil production processes causes wax plugging, 
especially in the middle and late stages of development, when the water content of crude oil increased, 
the water in the produced fluid has high salinity, and the problems of oil well corrosion, scaling and 
waxing are becoming more and more serious[3, 4]. For a long time, Changqing Oilfield generally 
injects chemical reagents intermittently into the annular space of tubing and casing, but conventional 
scale inhibitors and wax inhibitors cannot synergize. Therefore, in actual production, two or even 
three chemical agents need to be added to achieve the purpose of scale and wax inhibition, and there 
are widespread problems such as uneven dosing, cumbersome operation and unstable effect.  

In recent years, the integration of liquid and solid particles of oil field agents have emerged [5, 6]. 
However, the anti-scaling rate of the currently used integrated reagents for barium sulfate and 
strontium sulfate scale is extremely low[7], and the solid particles can easily cause the back pressure 
of the pipeline to increase or block[8], seriously affecting the daily operation efficiency and safety of 
the gathering and transportation pipeline, resulting in huge economic losses and resource waste. 
Therefore, it is necessary to study a kind of anti-wax and anti-scale treating agent as a whole to 
achieve the effect of anti-scale and anti-wax at the same time.  

However, due to the high water content of the existing well and the small specific gravity of the oil-
based treatment agent, it cannot be filled to the bottom wellbore, and the well cleaning range is limited. 
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Although the water-based treatment agent has a large proportion, its wax inhibition is weak. From 
this, the emulsion type has the advantages of both oil and water. In order to obtain an integrated 
treatment agent with both anti-waxing and anti-scaling properties, it is necessary to mix the anti-scale 
agent with excellent performance and the anti-wax component with mature performance.  

In this experiment, according to the theory of hydrophilic-lipophilic balance, the combination of 
anionic and nonionic emulsifiers, and the combination of nonionic and nonionic emulsifiers were 
selected to prepare GY-3/CS integrated O/W emulsion of wax and scale inhibition by two-phase 
emulsification method. And the stability parameters of the emulsion system were optimized to solve 
the problem of anti-wax components and anti-scale components incompatible.  

2. Materials and Methods 

2.1 Materials 

Wax inhibitor GY-3 and scale inhibitor CS with industrial grade were purchased from Xi'an 
Changqing Chemical Group Co., Ltd. Anionic surfactant (SDS) and nonionic surfactant (Span80) 
with industrial grade were purchased from Tianjin Baishi Chemical Reagent Co., Ltd. Methyl alcohol 
with analytically pure was supplied from Tianjin Baishi Chemical Reagent Co., Ltd. The crude oil 
and wax samles used in the experiment was from YFZ reservoir of Changqing Oilfield. 

2.2 Preparation of GY-3/CS Integrated Emulsion 

The CS scale inhibitor was prepared into a 1% aqueous solution, and an appropriate amount of anionic 
emulsifier was added to it and stirred for 15 min under magnetic stirring at 500 r/min. The appropriate 
amount of non-ionic emulsifier was added to a certain amount of GY-3 wax inhibitor, and stirred for 
15 minutes under magnetic stirring at 500 r/min. Finally, under high-speed stirring, the GY-3 wax 
inhibitor containing nonionic emulsifier was slowly added to the CS scale inhibitor aqueous solution 
containing anionic emulsifier. After 30 min reaction, the agitation was stopped and the emulsion was 
left standing at room temperature, the anti-wax and anti-scale integrated emulsion was formed. 

2.3 Screening of Emulsifiers 

Emulsifier was screened according to HLB (Hydrophile-Lipophile Balance) value. The principle is 
that the HLB value required by the emulsified system is as consistent as possible with that of the 
emulsifier, the emulsification effect is best when the HLB values of the two are equal. The HLB value 
of the compound emulsifier was obtained by the following formula. 

 

ii XHLBHLB   
 

Where HLBi is HLB value of single emulsifier. Where Xi is mass fraction of each emulsifier. 

 

Table 1. HLB values of different emulsifiers 

Emulsifier SDS O-30 O-7 Tween80 MOA-4 O-3 Span80 

HLB 40 16-17 10.5-11 15 9-10 6 4.3 

 

A pair of emulsifiers with large difference were selected and mixed in different proportions to obtain 
different HLB value series of emulsifiers. Anionic surfactant SDS (HLB:40) and non-ionic surfactant 
Span80 (HLB:4.3) were used as emulsifiers in this experiment. The corresponding mass fraction of 
the two emulsifiers was calculated according to the formula. 

The emulsifier with two emulsifiers combined according to a certain mass ratio was selected to make 
the HLB value of each emulsifier within the range of HLB value required by the emulsified system. 
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The emulsifier was used to measure the emulsifying efficiency of GY-3 pour point depressant, and 
the emulsifier with the highest emulsifying efficiency was selected as the best emulsifier. 

Experiment A: Anionic emulsifier SDS was added into CS scale inhibitor aqueous solution and stirred 
with magnetic force for 15 min. Non-ionic emulsifiers Span80, O-3, MOA-4 and O-7 were added 
into GY-3 anti-wax agent, respectively, and stirred evenly with magnetic force. Finally, the GY-3 
wax inhibitor was slowly added into the CS scale inhibitor aqueous solution at 1000 r/min and mixed 
for half an hour. The solution was kept at room temperature to observe the solution state and record 
the water volume of the emulsion in a specific time. 

Experiment B: Non-ionic surfactant O-30 was added into CS scale inhibitor aqueous solution and 
stirred with magnetic force for 15 min. The non-ionic emulsifiers Span80, O-3, MOA-4 and O-7 were 
repeated in Experiment A. 

Experiment C: Non-ionic surfactant Tween80 was added into CS scale inhibitor aqueous solution and 
stirred with magnetic force for 15 min. The non-ionic emulsifiers Span80, O-3, MOA-4 and O-7 were 
repeated in Experiment A. 

2.4 Emulsion Stability Evaluation 

The prepared emulsion was put into a test tube with a scale line, and after standing for 1 h, 2 h, 3 h, 
4 h, 5 h and 24 h, the volume before and after stratification was read respectively, and the stability of 
the emulsion was calculated according to the formula. 

 

I=
V0-V1-V2

V0
×100% 

 

Where I is stability of emulsion, %. Where V0 is the total volume of the emulsion, mL. Where V1 is 
the volume of the upper layer of the emulsion after stratification, mL. Where V2 is the volume of the 
underlying solution of the emulsion after stratification, mL. 

2.5 Particle Size Analysis  

The particle size of GY-3/CS integrated anti-wax and anti-scale emulsion was analyzed by R-size 
2000 laser particle size distributor, and the average particle size was calculated [9]. 

2.6 Emulsion Viscosity Test 

The viscosity of GY-3/CS integrated anti-wax and anti-scale emulsion was measured by using a 1.5 
nm capillary viscometer [10]. 

2.7 Emulsion Stability Test 

The GY-3/CS integrated anti-wax and anti-scale emulsion was scanned by Formulaction stability 
analyzer and multi-gravity light scattering principle. During the test, the injection height was (45±0.5) 
nm, and the NIR light source probe moved up and down in the vertical direction of the sample cell 
within the range of 0-55 mm to scan the sample as a whole. 

2.8 Scale Inhibition Test 

The scale inhibition performance of GY-3/CS integrated emulsion for CaCO3, CaSO4 and BaSO4 
was measured by the method specified in Q/SY126-2014. 

2.9 Pour Point Test 

Pour point was measured according to the standards of GB/510-2018 The crude oil sample and the 
oil sample added with GY-3/CS emulsion were respectively put into the pour point test tube. When 
the test tube was put into the pour point tester and cooled to the predicted temperature, the test tube 
was taken out and tilted at about 45 ℃ to observe whether the liquid level of the oil sample moved. 
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2.10 Wax Inhibition Test 

The static cold tube method was used to measure the wax inhibition of the integrated emulsion for 
the wax samples. The formula for calculating the wax inhibition was as follows. 

 

0

10

M

MM
E




 
 

Where E is wax inhibiting rate, %. Where M0 is wax accumulation amount of oil sample without wax 
inhibitor. Where M1 is wax accumulation amount of oil sample with wax inhibitor [11].  

3. Results and Discussion 

3.1 The Influence of Emulsifier Type on Emulsion 

Anionic surfactant SDS and non-ionic surfactant Span80 were used to form complex emulsifier 
solutions with different HLB values (8, 9, 10, 11, 12, 13, 14, 15, 16, 17) and GY-3 wax inhibitor. 
After stirring with magnetic force at 1000 r/min for 30 min, the emulsion was left standing for half 
an hour to observe the dehydration rate. 

 

 
Figure 1. Dehydration comparison diagram of emulsion systems with different HLB values at 

different time 

 

Table 2. Dehydration rate of emulsion under different HLB values 

Time/h 
Dehydration rate at different HLB /% 

8 9 10 11 12 13 14 15 16 17 

1 0 0 0 0 0 0 0 0 3.3 4.6 

2 4.6 3.3 0 0 0 0 6.6 18 20 25 

3 11.3 9.6 3.3 4.6 3.3 5.1 12.6 22.8 26.3 30.5 

4 17.6 14.8 7.5 8.2 5.9 9.6 14.5 27.6 30.5 33.3 

5 20.2 16.7 10.2 11.5 9.6 13.8 17.2 30.2 33.8 36.2 

24 33.3   24.5 16.2 15.5 14.8 16.2 23.1   33.2 34.3 40.6 
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Figure 2. Dehydration comparison diagram of emulsion systems with different HLB values at 24h 

 

As it can be seen from Table 2 and Figure 2, the emulsifying ability generally shows a trend of first 
increasing and then decreasing with the increase of HLB value, and the optimal HLB value range is 
10-13. Therefore, subsequent experiments with HLB were performed in the range of 10-13. 

The integrated emulsion was prepared by two-phase emulsification using anionic and non-ionic 
emulsifiers, non-ionic and non-ionic emulsifiers. The composition and compounding of reagents in 
each emulsifier system were calculated according to the formula in 2.3. The emulsifying effect is 
shown in Figure 3, and the stability is shown in Table 3. 

 

 
Figure 3. Emulsion effect of compounded system of SDS, O-30 and Tween80 

A: SDS+Span80, SDS+O-3, SDS+MOA-4, SDS+O-7; B: O-30+ Span80, O-30+O-3, O-30+MOA-
4, O-30+O-7; C: Tween80+Span80, Tween80+O-3, Tween80+MOA-4, Tween80+O-7 
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Table 3. Emulsifying capacity of each emulsifier compound system 

Type of emulsifier 
Emulsion stability /% 

1h 2h 3h 4h 5h 24h 

SDS+Span80 100 100 100 98.6 95.2 86.68 

SDS+O-3 78.43 64.71 58.82 54.90 52.94 50.98 

SDS+MOA-4 77.45 56.86 49.02 49.02 47.05 45.01 

SDS+O-7 35.29 33.33 31.37 31.37 31.37 31.37 

O-30+Span80 100 100 53.19 53.19 53.19 48.93 

O-30+ O-3 100 100 100 36.17 36.17 34.04 

O-30+ MOA-4 100 100 96.12 90.54 85.21 78.65 

O-30+ O-7 26.59 25.53 25.53 25.53 25.53 25.53 

Tween80+ Span80 100 100 42.85 42.85 42.85 42.85 

Tween80+ O-3 34.69 34.69 34.69 34.69 34.69 34.69 

Tween80+MOA-4 100 100 100 100 97.54 38.77 

Tween80+O-7 28.57 28.57 28.57 28.57 28.57 28.57 

 

It can be seen from the Figure 3 that the apparent states of the three compound emulsifier systems are 
all milky white emulsions. With the change of time, the rate of emulsion stratification is different, 
and there are three degrees of shallow stratification, medium stratification and heavy stratification. 
As can be seen from Table 3, in the SDS compounding system, SDS+Span80 system remained stable 
after standing for 3 h, but shallow stratification appeared after standing for 24 h, and the 
emulsification stability reaches 86.68%. In the O-30 complex system, the O-30 + MOA-4 system is 
intermediate-stratified after 24 h and the stability was 78.65%. Medium stratification and re-
stratification are found in the Tween80 system after 24 h. Therefore, the combined emulsifier of 
SDS+Span80 was selected in this study. 

3.2 Effect of Technological Parameters on the Stability of Integrated Emulsion  

As shown in Figure 4, milky GY-3/CS anti-wax and anti-scale integrated emulsion is prepared within 
the selected oil-water ratio range. With the decrease of the oil-water ratio, the emulsifying ability is 
getting better, but separation speed faster. When oil-water ratio is lower than the 1:3 and stand for 6 
days, the emulsion stability keep the best. While more than 1:3 stability fell sharply. On the one hand, 
the distance between oil and water droplets than when lower, smaller adjacent water droplets gather 
and merger opportunities is big, less demulsification voltage which makes the emulsion system 
unstable[9]. On the other hand, the particle size distribution is not uniform and the emulsion is 
unstable[10]. Therefore, the oil-water ratio of gY-3/CS emulsion is 1:3. 

 

 
Figure 4. Influence of oil-water ratio on stability of GY-3/CS integrated system 
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According to the emulsification theory, when the content of emulsifier is higher than the critical 
micelle concentration, it is helpful to enhance the strength of the interface film and improve the 
stability of the emulsion system[11-13]. Therefore, the stability of emulsion with different emulsifier 
content was investigated. SDS+Span80 was selected as the compound emulsifier, the HLB value was 
adjusted within the range of 10-13, the oil-water ratio was 1:3, and the amount of emulsifier (1%, 
3%, 5%, 7%, 9%) was determined at the stirring speed of 1000 /min at room temperature, and the 
influence on the stability of GY-3/CS anti-wax and anti-scale integrated emulsion was determined. 

 

 
Figure 5. Influence of adding amount of emulsifier on stability of GY-3/CS integrated system 

 

As can be seen from Figure 5, with the increase of emulsifier content, the system gradually stabilizes. 
As the content of emulsifier increases, the molecules adsorbed at the interface are more closely 
oriented, and the strength of the interface film increases, the resistance of droplet coalescence is 
greater, and the emulsion formed is of good stability[14]. When the emulsifier content is 7%, the 
system is still stable after 6 days, and shallow stratification will appear under the flashlight, and the 
stability can reach more than 90%, indicating that the system has been fully emulsified at this time. 
The interface film formed by emulsifier on the surface of GY-3 and CS is relatively stable, thus 
reducing the surface tension of the two phases. The Marangoni effect of the interface film was better. 
When the content of emulsifier is 9%, excessive emulsifier is dispersed in the system, resulting in 
excessive viscosity of the emulsion. Therefore, the optimal amount of emulsifier is 7%. 

 

 
Figure 6. Influence of mutual solvent on stability of GY-3/CS integrated system 

 

Mutual solvent is to solve the problem of water phase and oil phase co-dissolution, its purpose is to 
make the solution system into a uniform whole, improve the permeability of anti-wax components in 
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the scale inhibitor aqueous solution, so that the surfactant can better increase the solubility of oil 
phase and water, and make the product in storage and transportation without stratification[15]. In 
consideration of cost and several aspects, methanol was selected as the most widely used mutual 
solvent. In order to determine the optimal amount of mutual solvent in the composition, SDS+Span80 
was selected as the compound emulsifier, and the HLB value was adjusted within the range of 10-13. 
When the oil-water ratio was 1:3, the emulsifier content was 7%. The influence of the amount of 
mutual solvent (0%, 1%, 3%, 5%, 7%, 9%) on the stability of GY-3/CS anti-wax and anti-scale 
integrated emulsion was further investigated at the stirring speed of 1000 r/min at room temperature. 

It can be seen from Figure 6 that the addition of mutual solvent improves the stability of GY-3/CS 
anti-wax and anti-scale integrated emulsion system, and the emulsion tends to be more stable with 
the increase of the amount of mutual solvent. When the content of mutual solvent is added to 7%, the 
emulsion has the strongest stability. When the amount of mutual solvent and emulsifier is the same, 
the emulsion stability can reach 93.67% in 6 days. It may be that the hydroxyl group in methanol is 
as much as the emulsified dose allocated to the interface layer at this time, which makes the emulsifier 
more easily adsorbed on the oil-water interface and promotes the emulsifier to disperse the oil phase 
in the water phase[16]. Therefore, the content of mutual solvent is 7%. SDS+Span80 was selected as 
the compound emulsifier, and the HLB value was adjusted within the range of 10-13. When the oil-
water ratio was 1:3, the emulsifier content was 7%, and the amount of mutual solvent was 7%, the 
emulsifying temperature (20 ℃, 30 ℃, 40 ℃, 50 ℃) was investigated at the stirring speed of 
1000r/min, and the results were shown in Figure 7. 

 

 
Figure 7. Influence of temperature on stability of GY-3/CS integrated system 

 

As can be seen from Figure 7, with the increase of temperature, the stability of GY-3/CS anti-wax 
and anti-scale integrated emulsion decreases. When the reaction temperature of the system is 50 ℃, 
the emulsion will coagulate into small flocs in the reaction process, and the color of the emulsion is 
yellowish, and the stability can only maintain about 73% in 6 days. It may be that with the increase 
of temperature, the molecular thermal motion speed in the emulsion system is accelerated, which 
makes the droplet particles prone to collision and agglomeration into large particles, and the droplet 
aggregation trend is enhanced, thus making the emulsion stability worse[17]. Considering the energy 
consumption and stability of the emulsion, the reaction temperature should be lower than 40 ℃. 

SDS+Span80 was selected as the compound emulsifier, and the HLB value was adjusted within the 
range of 10-13. When the oil-water ratio was 1:3, the emulsifier content was 7%, and the amount of 
mutual solvent was 7%, At room temperature, the influence of emulsification reaction stirring speed 
of 600 r/min, 800 r/min, 1000 r/min, 1200 r/min and 1500 r/min on emulsion stability was investigated, 
and the results were shown in Figure 8. 
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Figure 8. Influence of stirring speed on stability of GY-3/CS integrated system 

 

As shown in Figure 8, milky white integrated emulsion can be prepared at the selected stirring speed. 
With the increase of stirring speed, the stability of emulsion first increases and then decreases. When 
the reaction stirring speed of emulsion is 1000 r/min, the stability of emulsion is the highest. When 
the stirring speed is accelerated to 1500 r/min, the emulsion foam prepared is more and easy to stratify. 
It may be that the temperature of the emulsion system increases due to the excessive stirring speed[18], 
and the GY-3 anti-wax particles tend to agglomerate, leading to the instability of the emulsion. 
However, 600-800 r/min stirring speed is too slow to provide enough energy to better disperse the oil 
phase in the water phase. 

Therefore, the optimal process conditions for the preparation of GY-3/CS anti-wax and anti-scale 
integrated emulsion system are as follows, SDS and Span80 are used as the compound emulsifiers, 
and the HLB value is in the range of 10-13. The ratio of oil to water is 1:3, the amount of emulsifier 
and cosolvent is 7%. The stirring speed of emulsification reaction is 1000-1200 r/min and the 
emulsification temperature is kept at 20-40 ℃. 

3.3 Performance Test of Integrated Emulsion 

According to the optimum process, the GY-3/CS anti-wax and anti-scale integrated emulsion was 
prepared. The prepared emulsion was stood for 12 h, 24 h, 36 h, 48 h, 60 h and 72 h for particle size 
test. The results are shown in Figure 9. 
 

 
Figure 9. Particle size of GY-3/CS anti-wax and anti-scale integrated emulsion 

(A:12 h, B:24 h, C:36 h, D:48 h, E:60 h, F:72 h) 
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It can be seen in Figure 9 that the particle size distribution of GY-3/CS anti-wax and anti-scale 
integrated emulsion prepared by the two-phase method is narrow, averaging between 600 nm and 800 
nm. The particle size also changed slightly with the extension of the storage time. After the emulsion 
was placed for 72 h, the average particle size of the emulsion was about 920 nm. It can be seen that 
under the condition of a certain water content, the micellar size remains stable, which further indicates 
that the emulsion prepared is uniform. 

 

Table 4. Apparent viscosity of GY-3/CS anti-wax and anti-scale integrated emulsion 

Standing time of emulsion /h K t1/s t2/s ̅t/s viscosity / mpa·s 

12 0.3729 27‵87 30‵52 29‵19 10.88 

24 0.3729 29‵51 32‵48 30‵99 11.56 

36 0.3729 31‵24 32‵48 31‵86 11.88 

48 0.3729 33‵06 32‵48 32‵27 12.21 

60 0.3729 33‵06 34‵3 33‵68 12.56 

72 0.3729 30‵56 32‵82 31‵67 11.82 

 

As can be seen from the Table 4, with the increase of standing time, the viscosity of the emulsion has 
a small change range and generally remains at about 12 mpa·s, which has good fluidity for a long 
time and can meet the application of oil wells. 

Stability analyzer is used to comprehensively characterize the stability characteristics of emulsion 
and suspended emulsion in high concentration dispersive system, and to characterize the uniformity 
of sample concentration and particle size. Figure 10 is the scanning spectrum of transmitted and 
backlit light formed by GY-3/CS emulsion. 

 

 
Figure 10. T% and BS% scanning spectra of integrated emulsion placed for 2d and 10d 

 

The state of the emulsion that has been placed for 2 days and 10 days can be seen in the in Figure 10. 
After standing for 10 days, the concentration of the emulsion sample pool was small at the top and 
increased at the bottom, which was due to the aggregation caused by the density difference between 
the two phases. However, for the middle part of the sample pool, there is no obvious change in the 
intensity of backscattered light, which may be because the particle size of the emulsion does not 
change significantly during the placement process, and the convergence between particles is not 
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obvious, indicating that the integrated emulsion is a relatively stable system, and the specific stability 
period needs to be further explored. 

The effects of different dosage of GY-3/CS anti-wax and anti-scale integrated emulsion on inhibiting 
calcium carbonate scale, calcium sulfate scale and barium sulfate scale were investigated. The results 
are shown in Figure 11. 

 

 
Figure 11. Influence of concentration of integrated emulsion on scale inhibition 

 

It can be seen in Figure 9 that the scale inhibition rate increases with the increase of emulsion dosage, 
especially for calcium carbonate scale inhibition. When the dosage of emulsion is 600mg/L, the scale 
inhibition of calcium carbonate and calcium sulfate can reach more than 80%. When the emulsion 
dosage reaches 800 mg/L, the formation of CaCO3, CaSO4 and BaSO4 scale can be effectively 
inhibited, and the scale inhibition rate of BaSO4 scale can reach 76.36%. The results showed that the 
chelate of Ca+ was better than Ba+, and the chelate of Ca+ was well dissolved in water. 

 

Table 5. Pour point reduction effect of integrated emulsion on crude oil 

 

Different concentrations of GY-3/CS integrated emulsions were added into oil samples to evaluate 
the performance of pour point reduction. As can be seen from the Table 5, the pour point of the crude 
oil is 22 ℃, which decreases with the increase of emulsion concentration in the oil sample. When the 
dosage was 800 mg/L, the pour point decreased to 7.5 ℃, indicating that the integrated emulsion had 
certain pour point reduction effect on crude oil. 

 

Concentration/ mg/L 0 200 400 600 800 1000 

Pour point/℃ 22 19.5 15 10 7.5 6 
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Figure 12. Wax inhibition property of integrated emulsion at different concentration 

 

Table 6. Wax inhibition effect of integrated emulsion 

Concentration /mg/L M0/g M1/g E/% 

200 117.76 89.42 19.98 

400 117.76 61.30 45.15 

600 117.76 46.43 58.50 

800 117.76 21.91 80.39 

1000 117.76 22.43 79.93 

 

As can be seen from Figure 12 and Table 6, the wax inhibition rate of the emulsion increases gradually 
with the increase of concentration. When the dosage reaches 800 mg/L, the wax inhibition rate 
reaches 80.39%, and tends to saturation when the dosage exceeds 800 mg/L. The integrated emulsion 
has a certain wax inhibition effect, on the one hand, it may be the eutectic formation between wax 
inhibitor and wax molecules, preventing the precipitation and condensation of wax molecules. On the 
other hand, the wetting, infiltration, dispersion and cleaning effects of the two emulsifiers may 
promote the wax deposited on the surface of the tube wall to fall off from the tube wall. In addition, 
methanol in the emulsion increases the mutual solubility of oil and water, and promotes the wax 
crystal to dissolve into the oil flow. 

4. Conclusion 

According to the principle of HLB method, selected anionic and non-ionic emulsifiers (SDS+Span80) 
have the best emulsifying effect on GY-3 wax inhibitor in the HLB range of 10-13. The optimum 
parameters of GY-3/CS anti-wax and anti-scale integrated emulsion system prepared by two-phase 
method are as follows: oil-water ratio is 3:1, emulsifier content is 7%, mutual solvent content is 7%, 
stirring speed is 1000-1200 r/min and emulsifying temperature is 20-40 ℃. The particle size of the 
emulsion is between 800-900 nm. GY-3/CS integrated emulsion not only has good scale inhibition, 
but also has a certain wax inhibition and pour point reduction effect, which can improve the fluidity 
of crude oil. 
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