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During the exploration and production chain of an oil well, the fluids undergo agitation throughout the flow, thus forming oil emulsions of both the water-oil (W/O) and oil-water (O/W) types. Emulsions are composed of two immiscible liquids and form a heterogeneous and thermodynamically unstable system, as they generate colloidal particles. However, given the economic value of oil and the importance of disposing of water into the environment in a safe and correct manner (without chemical components and without containing crude oil), it is necessary to understand the stability process of emulsions and how to separate them. In this sense, this study experimentally analyzed the decay curve of emulsions with different contents of oil and water, observing the relationship between the droplet size distribution (DSD) and the salinity of the solution. The results showed that, in the range of contents analyzed, the presence of inorganic salts, specifically barium sulphate, causes instability of the emulsion.

Introduction
According to projections made by the International Energy Agency (IEA), the demand for oil sources will increase until the year 2040 (ELBAZ et al., 2015). Thus, understanding the exploration and production chain in order to solve the various problems that may appear is increasingly necessary.
A problem in the oil production chain is the presence of water during the exploration and production process, which associated with oil and shear can end up generating oil emulsions. According to Arnold and Smith (1992), to form an emulsion, three requirements are necessary: the existence of two immiscible liquids, sufficient agitation to form a dispersion of one liquid in another, and an emulsifying agent capable of stabilizing the droplets.
An emulsion is formed by droplets of one liquid (dispersed phase) in a second immiscible liquid (continuous phase). The types of emulsions formed depend on several factors, such as the proportion of liquids, if the volume of one liquid is much greater than that of another, the phase with the smallest volume tends to be the dispersed phase.
Emulsions are classified according to the liquid that forms their continuous phase. It can be classified as O/W (oil in water), W/O (water in oil), W/O/W (water in oil in water) and O/W/O (oil in water in oil) emulsion.
According to Georgieva (2009), there are several factors that affect the stability of an emulsion, some of them are: solid particles, droplet size and aging of emulsions.
a) Solid particles: The solid particle (inorganic solid: like barium sulfate) can help in the formation of a thick layer, which ends up generating a rigid film, which prevents coalescence between the drops.
(AVEYARD et al., 2003)
b) Droplet size: The droplet size distribution (DSD) influences the stability of emulsions, as it controls flocculation, coalescence and resistance to sedimentation, as a consensus in the literature, the smaller the droplet size, the more stable the emulsion formed. (MORADI et al., 2011)
c) Aging of emulsions: as the emulsion ages, its stability increases through oxidation, since there is an increase in viscosity. (RAMALHO, 2000)
Emulsions, in the oil exploration and production chain, can cause problems such as an increase in the cost of operation, due to the need for separation of emulsions, corrosion in the transport system, clogging of pipelines, high cost in storage and transport, reduced value from the oil itself and contamination of the environment through discarded water (YARRANTON, ORTIZ and BAYDAK, 2010; WONG, LIM and DOL, 2015). In the environment, as emulsions can cause several problems in marine biota, such as damage to the development process, affecting habitats, the genetic chain and the life of fauna and flora (BAPTISTA, 2011). Thus, given this scenario, the chemical engineering area is looking for innovations and solutions for the most diverse segments, including the oil sector and the sphere of emulsions to be able to separate them in an increasingly correct way (BRUM e GUIMARÃES, 2015). Thus, the present article aims to experimentally analyze the stability of synthetic emulsions with different water and oil contents and how inorganic particles can affect the decay curve of these emulsions.

Methodology
Prepared of synthetic emulsions  
Seven synthetic emulsions were made with a volume equal to one liter, and with 5% surfactant (Span 80 - Croda) and with different percentages of water and oil, as shown in Table 1.
Table 1: Percentage of emulsions prepared. 
	Emulsion
	Water (%)
	Oil (%)
	
	

	EM1
EM2
EM3
EM4
EM5
EM6
	5
10
20
30
40
50
	95
90
80
70
60
50
	
	

	EM7
	60
	40
	
	



The emulsions were prepared using a homogenizer with a rotation of 10.000 rpm and a time of five minutes.

Preparation of synthetic emulsions with barium sulfate
After analyzing the decay curve of synthetic emulsions prepared with water and oil, it was resolved analyze the influence an inorganic salt can have on emulsions. Thus, tests were performed stability in EM2 and EM5 emulsions with barium sulfate solution at 250ppm.
Emulsion analyses
Subsequently, the emulsions were placed in the reactor to follow the decay curve.
Results and discussions  
The decay curves of synthetic emulsions were analyzed based on coalescence and sedimentation zones and droplet size distribution.
Barium sulfate-free synthetic emulsions
3.1.1 Coalescence zones and sedimentation zones 
In each emulsion, the heights of the coalescence zones (Cz) and sedimentation zones (Sz) were analyzed thirteen times with the same spacing of time, as can be seen in Table 2 and Table 3.





Table 2: Heights (in centimeters) measured in the coalescence zone of each emulsion.
	Measurements
	EM1
	EM2 
	EM3
	EM4
	EM5
	EM6
	EM7

	
	Cz

	1
2
3
4
5
6
	0
0
0
0
0
0
	0
0
0
0
0
0
	0
0,5
0,7
1
1
1,2
	0
0,3
0,4
0,6
0,9
1,1
	0
0
0
0
0
0
	0
0
0
0
0
0
	0
0
0
0
0
0

	7
8
9
10
11
12
13
	0
1,2
1,4
1,8
0,9
0,9
0,9
	0
1,2
2,1
2,2
2,8
2,8
2,8
	1,5
1,9
2,4
3,6
5,2
5,7
6,3
	1,3
1,4
1,6
1,6
1,8
1,9
1,9
	0
0
0
0
0
0
0
	0
0
0
0
0
0
0
	0
0
0
0
0
0
0



Table 3: Heights (in centimeters) measured in the sedimentation zone of each emulsion.
	Measurements
	EM1
	EM2 
	EM3
	EM4
	EM5
	EM6
	EM7

	
	Sz

	1
2
3
4
5
6
	0
0
0
1
1,5
1,6
	0
1,3
4,5
6,1
5,2
4,5
	0
0
0
0
0
0
	0
0
0
0
0
0
	0
0
0
0
0
0
	0
0
0
0
0
0
	0
0
0
0
0
2,7

	7
8
9
10
11
12
13
	1,4
1,3
1,2
1,2
2,2
2,2
2,3
	3,3
3
2,8
2,8
2,6
2,8
2,8
	0
0
0
0
0
0
0
	0
0
0,8
1,2
3,4
3,4
3,4
	0
0
0
0
0
0
0
	0
0
1,3
1,3
1,7
2,2
2,5
	1,1
1,1
1,4
1,5
1,8
2,4
2,8




3.1.2 DSD (droplet size distribution)
It was observed that the emulsions that contained a percentage of water equal to or greater than the oil (EM6 and EM7) did not present a coalescence zone at the measured points and only presented a sedimentation zone in the eighth and sixth measurement, respectively.
Analyzing their DSD with an optical microscope at 40X, as shown in Figure 1, it is observed that the diameter of the drops produced was large, which refers to more stable emulsions, that is, they have an easier destabilization process.

[image: ]           [image: ]
(a)                                                                  (b)    
Figure 1: Emulsion DSD (a) EM6 (b) EM7 
Observing the DSG of emulsion EM5, which did not show coalescence or sedimentation zones, as shown in Figure 2, it is possible to see that it has a small droplet diameter.

[image: ]
Figure 2: Emulsion DSD EM5.
Analyzing the EM2 emulsion, which presented the highest heights in the coalescence and sedimentation zones, we have the size of the droplet distribution as shown in Figure 3.

[image: ]
Figure 3: Emulsion DSD EM2.
In Figure 3, it is possible to see that the drops have a large diameter, that is, EM2 is an emulsion that is easy to destabilize, and in the experimental process carried out, it proved to be the most stable emulsion.
Synthetic emulsions with barium sulfate
EM2 and EM5 emulsions were chosen to analyze the influence of barium sulfate, because EM2 was the emulsion that presented the highest coalescence and sedimentation heights and EM5 did not present any height in these zones.
3.2.1 Coalescence zones and sedimentation zones
In EM2 and EM5 emulsions, the heights of the coalescence (Cz) and sedimentation (Sz) zones were analyzed thirteen times with the same spacing of time, as can be seen in Table 4 and Table 5.












Table 4: Heights in centimeters) measured in the coalescence zone of each barium sulfate emulsion.
	Measurements
	EM1
	EM2 

	
	Cz

	1
2
3
4
5
6
	0
2,7
4,7
6,4
7,2
7,8
	0
0
0
0
0
0

	7
8
9
10
11
12
13
	8,1
8,4
8,5
8,5
8,6
8,7
8,9
	0
0
0
0
0
0
0



Table 5: Heights in centimeters) measured  in the sedimentation zone of each barium sulfate emulsion.
	Measurements
	EM1
	EM2 

	
	Cz

	1
2
3
4
5
6
	0
0
0
0
0
0
	0
0
0
0
0
0

	7
8
9
10
11
12
13
	0
0
0
0
0
0
0
	0
0
0
0
0
0
0




3.2.2 DSD
Analyzing the DSD of the synthetic emulsions with barium sulfate EM2 and EM5 with the optical microscope at 40X, as shown in Figure 4, it is observed that the diameter of the drops produced is smaller than previously in the synthetic emulsions without barium sulfate, according to the Figure 2 and Figure 3.

[image: ]                [image: ] 
(a)                                                              (b)
Figure 4: DSG synthetic emulsions with barium sulfate (a) EM2 e (b) EM5.
Conclusions
The decay of an emulsion is directly linked to the droplet distribution (DTG), that is, the larger the diameter, the more stable the emulsion, which was observed in the synthetic emulsions EM2, EM6 and EM7, and when smaller, the more unstable it is. the emulsion, as shown in the synthetic emulsion EM5, which showed neither coalescence nor sedimentation zones, which had the smallest droplet diameters and the smallest values of coalescence and sedimentation heights.
Inorganic particles also interfere in the decay curve of emulsions, that is, because they form a layer of solid aggregates, they interfere in the formation of coalescence and sedimentation zones. Thus, with the addition of barium sulfate, we observed that the synthetic emulsions EM2 and EM5 presented DTG with smaller droplets, that is, the addition of an inorganic salt helps in the process of making the emulsion unstable.
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