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Abstract—Flow assurance is one of the main challenges in the oil industry. Many factors can affect the oil fluid-
ity, including the oil °API and the formation of water-in-oil (w/o) emulsions that increase the fluid viscosity. The 
demulsification process aims to decrease as much as possible the water content in the crude oil. Chemical prod-
ucts known as demulsifiers can be used to aid in this process. In laboratory, the chemicals can be evaluated under 
temperature and water content conditions similar to those in the oil field. In this work, the effect of demulsifier 
aging on its performance, simulating oil field storage, was evaluated using synthetic w/o emulsion prepared with 
a heavy crude oil and brine at 55 000 ppm. The crude oil was characterized and some demulsifier properties were 
measured along the time. The crude oil was identified as a heavy oil containing 11.6% of asphaltenes, contribut-
ing to the w/o emulsion stability. The demulsifier performance increased with aging time, and the results strongly 
suggested that a mere evaporation of the additive solvent occurs, concentrating its active matter.
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INTRODUCTION

One of the main challenges of the oil and gas industry 
is flow assurance to guarantee safe and profitable 
production of the fluids. The crude oil can be classified 
in function of their °API in: extralight (°API > 40), light 
(40 > °API >33), intermediate (33 >°API >27), heavy 
(27 > °API >19), extraheavy (19 > °API >15), and 
asphaltic (°API < 15). Therefore, the lower the °API, the 
greater the difficulty of oil flow. Heavy and extraheavy 
oils require more efficient pumping systems to guarantee 
production [1–3]. In this context, the viscosity of the 
fluid is an important factor which depends not only on 
the fluid characteristics but can also be affected by the 
formation of the water-in-oil (w/o) emulsions [1, 2]. The 
emulsion stability depends on several factors, such as type 
and concentration of emulsifiers, w/o composition, size 
and size distribution of water phase droplets, viscosity 

of dispersed and dispersing phases, and emulsion aging 
[4–9].

Emulsions are formed during the production of 
crude oil and brine, under shearing and at the presence 
of naturals surfactants from the crude oil. Surfactants 
adsorb at the interface, reducing the interfacial tension and 
increasing the stability of the emulsions. Asphaltenes are 
considered one of the main responsible components for 
the w/o emulsions stability and their presence in heavy oil 
is responsible for the high viscosity [10–14]. Asphaltenes 
in the dispersed state, close to the flocculation point, 
have the greatest stabilization capacity [9, 15]. When the 
produced fluid arrives at the topside, the first step of the 
treatment process is phase separation into gas, oil and 
water. In this step, the oil is submitted to a demulsification 
process to remove as much water as possible. This process 
minimizes the corrosiveness of the oil and reduces its 
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viscosity, facilitating transportation, which is particularly 
important for heavy, extraheavy and asphaltic oils 
[1, 2, 15–16].

The demulsification process can be assisted by the 
addition of chemical additives called demulsifiers. 
Different types of surfactant molecules and formulations 
are available, which present different mechanisms 
and performances in crude oil emulsions, depending 
also on the oil characteristics. In the laboratory, the 
demulsifiers performance can be verified following a 
procedure that reproduces as closely as possible the oil 
field conditions: the crude oil and brine can be heated 
at a specific temperature before preparing the synthetic 
emulsion; the brine can be prepared with different types 
and concentrations of salts; the test temperature can be 
varied; besides many other possibilities [17–22].

Nevertheless, the influence of the aging of the 
demulsifier storage in industrial tanks was not found in the 
literature, which is particularly important for emulsions 
of crude oils presenting high viscosity. Therefore, the 
aim of this work is to evaluate the influence of aging 
of a demulsifier used in oil fields on its performance on 
water separation from synthetic emulsions prepared with 
an extraheavy crude oil and brine at 55 000 ppm, using 
bottle test.

EXPERIMENTAL DEVELOPMENT

Materials. Crude oil and commercial demulsifier 
samples were used. Sodium chloride grade ACS and 
Calcium chloride grade PA were acquired from Isofar 
and Labsynth, Rio de Janeiro, respectively. Except for 
the oil, all materials were used as received. Due to the 
large amount of free water observed, the crude oil was 
transferred to a container and kept under resting to drain 
the maximum amount of water before characterizing it.

Characterization of the crude oil and demulsifier 
samples. The oil sample was characterized in terms of 
water content by Karl Fischer, viscosity, asphaltenes 
content, asphaltenes precipitation onset, wax appearance 
temperature (WAT), pour point, density/°API and 
total acid number (TAN). The demulsifier sample was 
characterized in terms of viscosity, density and pH.

Water content by Karl Fischer. The water content 
of the crude oil was determined following a procedure 
based on the ASTM D4377 [23]. Karl Fischer reagent and 
a titrator 803 TI Stand, Metrohm were used. The analyses 
were performed at least in duplicate and to be accepted 

must present a standard deviation ≤ 1.0% (according to 
the validation documents that accompany the equipment).

Viscosity. The viscosity of the crude oil was 
determined using a Mars-II rheometer Haake, cone-plate 
C60. About 1 mL of the oil was placed in the rheometer 
and the shear rate was set up from 0.1 to 400 s–1. The 
viscosity was measured at a constant temperature of 
25°C. The viscosity of the demulsifier was measured at 
the same conditions, excepting by the shear rate range 
(100 to 400 s–1).

Asphaltenes content. The approximate amount 
of asphaltenes insoluble in n-heptane was determined 
by adding n-heptane to the oil, getting the precipitate, 
solubilizing it in toluene and evaporating the solvent. 
A proportion of 30 g oil and 1 L n-heptane was used. A 
Soxhlet extractor was used with n-heptane to extract the 
products soluble in it. Then, the solvent was changed to 
toluene in the Soxhlet extractor and the asphaltenes were 
solubilized in it. Finally, the solvent was evaporated and 
the asphaltenes were dried and weighted [24].

Asphaltenes precipitation onset. The crude oil was 
weighted (7 g) in the analysis vessel. The near infrared 
(NIR) external probe was placed into the sample. By using 
a chromatographic pump, n-heptane was pumped to the 
vessel at 0.1 mL/min, keeping the system under magnetic 
stirring. At the end of the analysis, a plot of absorption 
intensity against volume of n-heptane was obtained. 
The volume at the minimum absorption was taken and 
divided by 7, providing the asphaltenes precipitation 
onset expressed in terms of volume of n-heptane (mL) 
per gram of oil [25].

Wax appearance temperature (WAT) by micro- 
calorimetry (µDSC). The wax appearance temperature 
was determined by using a Setaram µDSC VII-D3830 
microcalorimeter. Before starting the analysis, the oil 
sample was heated in an oven at 80°C for 30 min. Then, 
400 mg of the sample was placed into the µDSC sample 
cell. Undecane (400 mg) was placed into the reference 
cell [26, 27]. The analysis was programmed as following: 
the temperature was increased from ambient to 80°C at 
1°C/min; the sample was kept for 15 min at 80°C; the  
temperature was decreased from 80 to –10°C at  
0.48°C/min and kept as an isotherm for 15 min. At the 
end of the test, the temperature was increased to 30°C at 
1°C/min. A graph of heat flow versus temperature was 
plotted, and the WAT was determined at the onset of 
the exothermic peak upon cooling. The analyses were 
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performed in duplicate, and the error of analysis was  
± 0.05°C.

Pour point analysis (ASTM D97/12). To determine 
the pour point following the ASTM D97/12 standard 
[28], ~ 40 mL of oil was poured into a cylindrical glass 
tube, which was heated until the internal temperature 
of the sample reaches ~45°C. Subsequently, the tube 
was placed in the thermostatic bath at 24°C. By using 
the thermometer inserted directly into the sample, the 
decrease in temperature was monitored and, at each 
temperature reduction of 3°C, the tube was removed from 
bath and tilted at 45°C for 5 s, observing the flow. When 
the sample reached 27°C, the tube was transfer to another 
thermostatic bath at 0°C. The procedure of observing 
the flow at each reduction of 3°C was repeated until the 
sample stopped flowing. The pour point was assigned as 
the temperature read in the thermometer plus 3°C [29]. 
The analysis was performed in duplicate.

Density/°API. The density and °API of the crude 
oil was determined by using Anton Paar DMA 4500 
densimeter [30]. Before the analysis, the oil sample 
was heated in an oven at 60°C for 30 min and placed 
into a syringe. As the crude oil was very viscous, the 
temperature in the equipment was initially adjusted to 
60°C. The method “Crude oil (°API)” was selected and, 
automatically, the equipment decreased the temperature to 
15°C and kept it constant throughout the analysis. Density 
and °API are correlated by a mathematic expression [2] 
and appears on the visor at the end of the analysis. The 
density of the demulsifier was determined following the 
same procedure to the crude oil except by the sample 
heating because the demulsifier does not need to be 
heated, and the analysis was performed at 25°C.

Acid number of petroleum products. The total acid 
number (TAN) of the crude oil was determined by using 
the 905 Titrando potentiometric titration equipment and 
804 magnetic stirrer, both manufactured by Metrohm. 
The TAN measurement consisted of the potentiometric 
titration of 2 g of the oil sample with a solution of  
0.1 mol/L KOH in isopropanol [31].

pH Determination. The pH of the demulsifier was 
determined by using pHmetro 827 pH Lab, Metrohm. The 
equipment was calibrated with suitable buffer solutions 
and the probe was inserted in the sample additive. The 
pH is read in the equipment visor.

Demulsifier aging. The demulsifier was aged under 
room temperature (~30°C), exposed to the air, in an 
open glass flask, protected from dirt. For the control, the 

same amount of demulsifier was kept under the same 
temperature in a closed glass flask. Both samples were 
characterized in the beginning of the test and after 30, 
55, and 90 days. The sample in the open glass flask, 
reproducing the field storage condition, was used in bottle 
tests of the synthetic 60/40 w/o emulsions, described 
below.

Preparation of the synthetic water in oil emulsion. The 
synthetic 60/40 w/o emulsions were prepared by adding 
brine into the oil. Therefore, first the brine was prepared 
as following: distilled water and salts (55 000 ppm of  
NaCl : CaCl2 10 : 1) were mixed under magnetic stirring 
for 30 min at room temperature. This concentration of 
salts was chosen because it is near the salinity of the 
water typically found in oil fields in Brazil. The oil was 
homogenized by shaking it manually at room temperature. 
The desired amount of oil and brine were individually 
put into the oven at 80°C for 30 min. After taking them 
from the oven, brine was slowly poured onto the oil under 
stirring with glass stick at room temperature, followed by 
mechanical stirring at 15000 rpm for 6 min [32]. When 
measuring the volume of brine to produce a 60/40 w/o 
emulsion, the water content in the oil was discounted.

Evaluation of emulsion stability by bottle test. The 
performance of aged and not aged demulsifier was 
evaluated by bottle test at 60°C. The previously prepared 
emulsion was transferred to 100 mL graduated conic 
glass flasks which were placed into the circulation bath, 
at 60°C, remaining there for 30 min. After that time, the 
flasks were removed from the bath and were identified as 
(1) emulsion without demulsifier and (2) emulsion with 
demulsifier. In the flask (2), 50 ppm of the demulsifier 
were added using a micropipette. Both systems were 
capped and shaken manually for 1 min, then put back into 
the bath, starting the timer immediately. The volume of 
separated water was read at 5 min intervals, in the first 
30 min of test. In the last 30 min, the water volume was 
read at 10 min intervals, totalizing 60 min of test. It is 
important to mention that the flasks are shaken in circular 
movements before every reading [32].

RESULTS

Characterization of the crude oil. Table 1 shows 
the characterization results obtained for the crude oil. 
This sample can be classified as an extra heavy crude oil 
(°API = 17.45) [1], presenting a relatively high viscosity 
(~7 Pa s) at 25°C. The first wax crystals were formed at 
53°C, but two exothermic peaks were observed, being 
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the first smaller than the second one. Therefore, most 
crystals are formed and grow in the range from 20 to 5°C. 
The pour point was relatively high (7.5°C), considering 
offshore production. Although the asphaltenes content 
was relatively high (11.6 wt %), the oil did not present 
a significant asphaltenes precipitation potential, because 
its precipitation onset was 2.07 mL n-heptane/g oil. 
The characteristics of the crude oil evidenced that some 
precautions must be taken during the preparation of the 
emulsion, mainly related to the oil preheating to assure 
the fluidity. Moreover, the water content determined  
(~4.5 wt %/vol %) was considered when preparing the 
synthetic emulsion at the specific w/o proportion.

Performance of demulsifier in function of its aging. 
Figure 1 shows the volume of separated water in function 
of bottle test time for different samples. Four curves 

are exhibited; one for the emulsion without demulsifier 
and three for the emulsion containing 50 ppm of: fresh 
demulsifier (aging time = zero), demulsifier aged by  
55 days, and demulsifier aged by 90 days. The results 
show that the 60/40 w/o emulsion was very stable at 
60°C, because only 1.5 ± 0.3 mL of water was separated 
at the end of the test (60 min), corresponding to 2.5±0.5% 
of the total amount of water in the emulsion. By adding  
50 ppm of the fresh demulsifier, 14.0±1.0% of water 
was separated, evidencing the action of the additive. The 
same results were obtained when using the demulsifier 
stocked in the capped flask, evidencing that no changes 
in the performance occur by stocking the product closed 
near 30°C. On the other hand, when using the product 
stocked under air exposure, the demulsifier performance 
increased as increasing its aging time. Nevertheless, 
no great difference was observed for the final amount 
of separated water by using the demulsifier aged by  
55 and 90 days (28 and 32 %, respectively). To understand 
such behavior, some analyses were perfomed for the 
desmulsifier aged and non-aged, and for the sample open 
and closed.

Table 2 shows the pH, density and viscosity of all 
demulsifier samples. After aging time, the measurements 
were done with the sample that was kept closed and the 
sample exposed to air on the laboratory bench (called in 
Table 2 as open sample). No variation was observed in 
the pH in function of aging time or air exposure, being 
the value constant as 10.6. The densities did not vary 
for the closed samples along the time when compared 
with the fresh one (~0.88 g/cm3). For both open samples 
(over 55 or 90 days), the density increased from ~0.88 
to ~1.04 g/cm3. The viscosity behaviour agrees with the 
density results: the viscosity of the closed sample was kept 
practically constant in function of time (~10 mPa s). On 
the other hand, the viscosity of the open sample increased 
significantly in function of aging time. No significant 
difference in viscosity was observed for the samples aged 
by 55 and 90 days. This agrees with the bottle test results, 
suggesting that percentages of separated water obtained 
are related to the changes in the demulsifier viscosity and 
density. Moreover, a decrease in the volume of demulsifier 
over aging time was observed.

Considering the following three factors: open sample 
was protected from dirty, its volume was decreased, and 
its viscosity was increased; it can be strongly suggested 
that only a solvent evaporation process occurred. This 
justifies the increase in the demulsifier performance 

Table 1. Characterization of the crude oil

Parameter Value
Water content by Karl Fischer, wt %/vol % ~4.5
Viscosity, Pas (at 25°C and 200 s–1) ~7
Asphaltenes content, wt% 11.6
Asphaltenes precipitation onset, mL C7/g oil 2.07±0.05
Wax appearance temperature, °C

1st peak onset 53.3±0.05
2nd peak onset 20.0±0.05

Pour point, °C 7.5±1.5
Density, g/cm3 (at 15.6°C) 0.9488
°API (at 15.6 °C) 17.45
Acid number, mg KOH/g 1.18±0.10

Fig. 1. Separated water volume versus time for 60/40 (w/o) 
emulsion without and with 50 ppm of phasetreat and aged 
phasetreat (over 55 and 90 days) by bottle test (at 60°C).
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as increasing its aging, because the additive was being 
concentrated in active matter. When adding 50 ppm of 
aged demulsifier, in fact, a higher concentration of active 
matter was added. An analysis using 350 ppm of non-aged 
demulsifier showed that 25% of water was separated, 
confirming that the performance increased as increasing 
demulsifier concentration for the emulsion used at the 
additive concentration tested.

CONCLUSIONS

Water in oil emulsions of extra heavy crude oil with 
high asphaltenes content present high stability, even when 
containing water proportion as high as 60 vol %. Low 
concentration of demulsifier is not enough to separate a 
large amount of water in w/o emulsion of extra heavy 
crude oil.

The storage of demulsifier in an open tank just 
provokes the evaporation of the solvent, concentrating the 
active matter, and therefore increasing the efficiency of 
the additive. Therefore, the choice of ideal concentration 
of the demulsifier, when using the product stocked in 
an open tank, cannot be based on the results obtained 
previously using the product stocked in a closed container, 
under the risk of using an overdosage.
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