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Gas and petroleum recovery operations often produce oil-in-water (O/W) emulsions with varying stabilities.
Analyzing the composition of these emulsions is crucial for subsequent crude oil processing, requiring effective
flocculation and demulsification processes. The efficiency of emulsion breakdown is influenced by numerous
factors. This study evaluated several commercially available flocculants by analyzing interfacial tension, zeta
potential, and conducting phase separation tests. Our objective was to identify the most effective flocculant for
the model emulsion system and determine the optimal dosing concentration.

1. Introduction

Demulsification and flocculation play pivotal roles in crude oil recovery from oil-in-water (O/W) emulsions in
petroleum extraction. The stability of these emulsions in oil recovery processes is influenced by various factors.
Notably, emulsion breaking stands as a critical process in the petroleum industry (Wong et al., 2015; Nagy et
al., 2018).
Ortiz et al. employed sealed glass tubes containing 10 ml of crude oil emulsion mixed with graphene-based
nanosheets. Following a 15-minute agitation period at room temperature, they measured the remaining oil
content in the treated water using a UV-VIS spectrometer (Shimadzu UV2600). Demulsification efficiency in the
treated water was then calculated using Equation (1) as follows:
E- (Co—Cy)
=~ 4100 1)
Co
where E is the efficiency (%), Co and Ci were the initial and residual oil content respectively in the treated water
(ppm) (Ortiz et al., 2019, Liu et al., 2015).
Ye et al. (2022) produced stable water-in-oil (W/O) emulsions by homogenizing crude oil and deionized water.
The process involved heating an iron cup containing 150 grams of crude oil and 350 grams of deionized water
in a water bath set at 60°C for 20 minutes. These emulsions, with variations in pH and salinity, exhibited stability
for several days. Demulsification efficiency was assessed by measuring the separated water volume (Ye et al.,
2021).
In Li et al.'s (2018) investigation, the interfacial tension (IFT) between aged crude oil and a demulsifier solution
was determined using a spinning drop interfacial tension meter. This measurement was conducted at a constant
rotation speed of 8000 rpm and 70°C.
Nguyen et al. (2013) evaluated the apparent viscosity of synthetic emulsions using a Brookfield viscometer
immediately after preparation. The measurements were performed at room temperature with a rotation speed
of 100 rpm.
Onaizi et al. (2022) employed dynamic light scattering to analyze zeta potential and droplet size in formulated
crude oil/water nanoemulsions. Measurements were conducted promptly after sonication to minimize potential
aging effects on these characteristics, following Huang et al.'s (2019) recommendation.
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2. Materials and methods
2.1 Flocculants

Various types of flocculants, each with distinct chemical structures, were utilized for the tests. Detailed
information regarding these flocculants, including their chemical compositions and characteristics, can be found
in Table 1.

Table 1: Data of flocculating agents

F-1 F-3 F-3
Components poly aluminium chloride  flocculants mixtures hydrolyzed polyacrylamide
Apperance opalescent liquid opalescent liquid opalescent liquid
Density, g/cm3 1,24-1,30 1,01-1,15 1,02-1,10
pH value 2,5-3,5 6,5-7,5 7,0-8,0
Solubility good in water partially in water partially in water

The flocculants were tested using different concentrations.
2.2 Preparation of model emulsion

To prepare the model emulsion, the initial step involved creating the model crude oil and model brine. The
model crude oil consisted of 50/70 bitumen, n-heptane, and toluene, with a n-heptane to toluene ratio of 60:40
(v/v%). The concentration of bitumen in the model crude oil was maintained at 5 g/l. For the model brine, salts
such as NaCl, CaClz-2H20, NaHCO3, and CHzCOONa were dissolved in distilled water. The concentrations of
these salts are summarized in Table 2.

Table 2: Salt concentrations of the model brine

Salt Concentration, g/l
NacCl 0,5
CaCl2:2H20 0,2
NaHCO3 2,6
CH3COOHNa 2,6
Total (TDS) 59

After preparing the model brine and model crude oil, a mixture of Na-dodecyl benzenesulfonate and coconut
fatty acid diethanolamide in a 1:1 ratio was dissolved in 5 g/l of model brine. Subsequently, 6 g/l of 2-
butoxyethanol was added to the solution. The resulting emulsion was a dispersion containing 10% (v/v) model
crude oil and 90% (v/v) model brine containing surfactant.

2.3 Emulsion stability (Phase separation tests)

The experiments were carried out in graduated cylinders equipped with caps. Each cylinder contained 20 ml of
the model emulsion. Various quantities of flocculant were introduced into the emulsion, followed by manual
shaking of the cylinders. Subsequently, the samples were maintained at 40°C, and the separation of water and
oil was examined at 15, 30, 45, and 60-minute intervals.

2.4 Determination of interfacial tension

The interfacial tension (IFT) between the aging model crude oil and an aqueous demulsifier solution was
measured using a Spinning Drop Tensiometer (SDT) from Kriiss. The demulsifier solution was added to the
glass tube, and then, an oil droplet was injected into the center of the water phase. The experiment was
conducted at a temperature of 25°C.

2.5 Determination of zeta potential and size

The zeta potential and size of the formulated model emulsion were measured using dynamic light scattering
(DLS) technique. Specifically, these measurements were performed with a Zetasizer Nano ZS size analyzer
from Malvern.
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3. Results

Our investigations commenced with phase separation tests conducted at 40°C. The stability assessments were
performed at 15, 30, 45, and 60-minute intervals, with the quantities of separated oil, emulsion, and water
measured and expressed as volume percentages (v/v%). Flocculant concentrations ranged from 500 to 3000
ppm. Despite being time-consuming, we deemed the phase separation test as the most illustrative method for
presenting our findings. The emulsion stability results are summarized in Table 3.

Table 3: Investigation of the emulsion stability (O: oil, viv%%, E: emulsion, viv%, W: water v/v%)

Temperature 40°C
Flocculation time 15 min 30 min 45 min 60 min
Phases (v/v%)
F.Iocculant Conc. o E W o E W o E W o E W
sign (ppm)

500 2,5 7% 225 25 75 225 25 75 225 25 75 225
1000 2,5 75 225 25 75 225 25 75 225 25 75 225
F-1 1500 2,5 7% 225 25 75 225 25 75 225 25 75 225
2000 2,5 75 225 25 75 225 5 50 45 5 50 45
2500 2,5 7% 225 25 75 225 5 50 45 5 50 45
3000 2,5 75 225 25 75 225 5 50 45 5 50 45

500 10 0 90 10 0 90 10 0 90 10 0 90
1000 10 0 90 10 0 90 10 0 90 10 0 90
F-2 1500 10 0 90 10 0 90 10 0 90 10 0 90
2000 10 0 90 10 0 90 10 0 90 10 0 90
2500 10 0 90 10 0 90 10 0 90 10 0 90
3000 10 0 90 10 0 90 10 0 90 10 0 90
500 0 100 0 0 100 0 0 100 0 0 100 0
1000 0 100 0 0 100 0 0 100 0 0 100 0
F3 1500 0 100 0 0 100 0 0 100 0 0 100 0
2000 0 100 0 0 100 0 0 100 0 0 100 0
2500 0 100 0 0 100 0 0 100 0 0 100 0
3000 0 100 0 0 100 0 0 100 0 0 100 0

The separation of the the emulsion with different flocculants after 15, 30, 45, and 60 minutes is depicted in
Figures 1 to 3.

F-1 flocculant, after 15 min F-1 flocculant, after 30 min

%
500ppm  1000ppm  1500ppm  2000ppm  2500ppm 3000 ppm 500ppm  1000ppm  1500ppm  2000ppm 2500 ppm 3000 ppm

Water =Emulsion mOil Water % Emulsion ®Oil

F-1 flocculant, after 45 min F-1 flocculant, after 60 min

%
500ppm  1000ppm  1500ppm  2000ppm  2500ppm 3000 ppm 500ppm  1000ppm  1500ppm  2000ppm 2500 ppm 3000 ppm

Water & Emulsion mOil Water =Emulsion mOil

Figure 1: The emulsion stability test with different concetration of F-1 flocculant
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: The emulsion stability test with different concetration of F-3 flocculant
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Figure 3: The emulsion stability test with different concetration of F-5 flocculant

It was observed that between 25-50% of the oil could be extracted after 60 minutes using the F-1 flocculant.
Using the F-3 flocculant, all the crude oil had separated after 15 minutes. However, during the analysis of
emulsion breakdown, the F-3 flocculant did not demonstrate effective separation of a minimal amount of oil.

The interfacial tension results are shown in Table 4.

Table 4: IFT values of applied flocculants

IFT, mN/m
Concetration 500 1000 1500 2000 2500 3000
(ppm)
F1 2.283 2.253 1.247 0,448 0,665 0,512
F-3 1,436 0,826 0,778 0,166 0,155 .
F-5 1,636 1,037 2085 2135 1,936 1,049

In Figure 4, the relationships between the interfacial tension of the flocculants and their concentrations are
presented.
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Figure 4: IFT values of applied flocculants

Based on the interfacial tension (IFT) results, it was determined that the flocculants 5abelled as F-1 and F-2
exhibited values below 0.65 mN/m at concentrations exceeding 2000 ppm. As a result, flocculants F-1 and F-2
were considered effective in reducing interfacial tension. Among them, flocculant F-2 demonstrated the lowest

IFT value.
The zeta potential of the emulsion results are shown in Table 5.

Table 5: Zeta potential of the emulsion using different flocculants

ZP, mv
Concetration 500 1000 1500 2000 2500 3000
(ppm)
F1 235 232 24 238 323 28,2
F-3 22438 71,9 383 -35.4 471 -29
F-5 57,6 -29,4 532 -80.6 162 147

Figure 5 illustrates the relationship between the zeta potential of flocculants and their concentration in the

emulsion.
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Figure 5: Zeta potential of the emulsion using different flocculants.
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Based on the zeta potential results, flocculants labeled as F-1 and F-2 were found to be effective for the
emulsion. Based on the conducted examinations, the F-2 flocculant was identified as the most effective at a
concentration of 2000 ppm. The zeta potential value was found to be suitable for determining the optimal dosing
concentration of flocculants during flocculation.

4. Conclusions

During gas and petroleum recovery, different stability oil-in-water (O/W) emulsions are produced. Achieving the
separation of these emulsions is typically accomplished through flocculation and subsequent demulsification
processes. Our objective was to investigate the breaking of crude oil-water emulsions, and we presented
methods for characterizing demulsification and flocculation processes. The new experimental results can be
summarized as follows:

e Stability tests were conducted at 40°C, and the results were recorded at 15, 30, 45, and 60 minutes to
determine the quantities of separated oil, emulsion, and water. Based on the phase separation tests,
it was found that the F-2 flocculant was the most effective.

e Interfacial tension values of the flocculants were determined, and the F-2 flocculant exhibited the lowest
interfacial tension (IFT) value.

e The zeta potential value was found to be suitable for determining the optimal dosing concentration of
flocculants during flocculation.

e The presented and applied methods were found to be suitable for assessing the effectiveness of
flocculating agents in breaking emulsions.

e Based on the conducted examinations, the F-3 flocculant was identified as the most effective at a
concentration of 2000 ppm.

This study makes an important contribution to improving the efficiency of various gas and petroleum recovery
processes.
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