
Citation: Jiang, S.; Li, Q.; Ma, Q.; Xu,

B.; Zou, T. Efficient Demulsification

Performance of Emulsified

Condensate Oil by Hyperbranched

Low-Temperature Demulsifiers.

Molecules 2023, 28, 7524. https://

doi.org/10.3390/molecules28227524

Academic Editor: Lu Zhang

Received: 23 September 2023

Revised: 27 October 2023

Accepted: 7 November 2023

Published: 10 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

molecules

Article

Efficient Demulsification Performance of Emulsified Condensate
Oil by Hyperbranched Low-Temperature Demulsifiers
Shaohui Jiang 1,2, Qingsong Li 1,*, Qiang Ma 3, Botao Xu 4 and Tao Zou 5

1 State Key Laboratory of Heavy Oil Processing, China University of Petroleum East China,
Qingdao 266580, China; b16030104@s.upc.edu.cn

2 Petroleum Engineering Technology Research Institute, Shengli Oil Field Branch, Sinopec,
Dongying 257000, China

3 CNPC Chuanqing Drilling Engineering Company Limited, Chengdu 610051, China; maqsx_sc@cnpc.com.cn
4 China Oilfield Services Limited, Tianjin 300450, China; xubt@cosl.com.cn
5 Huabei Oilfield Company, China National Petroleum Corporation, Renqiu 062552, China;

cy3_zout@petrochina.com.cn
* Correspondence: cncd0086@126.com

Abstract: Focusing on the problem of poor demulsification performance of light crude oil emul-
sions in low-permeability oilfields at low temperatures, the composition of the emulsion samples,
clay particle size distribution, and the viscosity–temperature relationship curve of samples were
analyzed. Based on the results of emulsion composition analysis and characteristics, the bottle test
method was used to analyze the demulsifying effect of different commercial types of demulsifiers,
revealing the demulsification mechanism. The field tests confirm the demulsification capabilities
of Polyoxyethylene polyoxypropylene quaternized polyoxyolefins surfactants (PR demulsifiers).
The results reveal that PR demulsifiers combine the features of decreasing the interfacial tension
between oil and water and adsorbing SiO2, allowing for quick demulsification and flocculation at
low temperatures. This research serves as a theoretical and practical foundation for the study and
advancement of low-temperature demulsification technology in oilfields.

Keywords: low-temperature demulsification; polyether demulsifier; quaternary ammonium salt;
site operation

1. Introduction

Low-permeability reservoirs have extensively spread and have substantial resource
potential [1,2]. Low-permeability reservoirs are usually developed by chemical displace-
ment and seepage [3]. Despite the low viscosity of light crude oil and the low-colloidal
asphaltene dosage, a significant number of polymer additives in the oilfield production
process has increased emulsion stability, increasing the difficulty of demulsification [4,5].
Heat treatment, chemical demulsification, physical demulsification, and biological demulsi-
fication are frequent methods, with chemical demulsification technology being the most
extensively utilized in oilfields. Demulsifiers reduce the surface tension of the interfacial
film by changing the type of emulsion to affect the interfacial characteristics, destabilizing
and breaking the crude oil emulsion [6–8]. The irreversible aggregation of the droplet into
one or more large area is a vital phase in the demulsification process. The demulsification
process comprises flocculation, coagulation, and settlement separation, all of which are
carried out concurrently [9,10].

Crude oil demulsifiers are frequently surfactants, and their interfacial activity is
greater than that of crude oil film-forming chemicals, which can adsorb or partially re-
place emulsifiers in the interfacial membrane. The newly produced interfacial coating has
outstanding hydrophilic characteristics and lower interfacial strength, which promotes

Molecules 2023, 28, 7524. https://doi.org/10.3390/molecules28227524 https://www.mdpi.com/journal/molecules

https://doi.org/10.3390/molecules28227524
https://doi.org/10.3390/molecules28227524
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://doi.org/10.3390/molecules28227524
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules28227524?type=check_update&version=1


Molecules 2023, 28, 7524 2 of 13

emulsion breaking [11–13]. Conventional thermochemical dehydrating crude oil demul-
sifiers are now being researched and used widely. The crude oil dehydrating method
of end-point dosing, pipeline emulsion breaking, and centralized settling is often used
in low-permeability oilfields, and the emulsion breakers selected at the site have good
emulsion breaking effect at higher temperatures (the range of temperature is from 60 ◦C to
70 ◦C) [14]. Currently, demulsifiers with green environmental protection, high-efficiency
dehydrating, low-temperature demulsification, and low prices have become increasingly
popular in order to maximize resource utilization and reduce environmental damage [15].
Furthermore, low-temperature demulsifiers allow the collection system to run without
heating in the summer and with heating to room temperature in the winter, lowering energy
consumption and CO2 emissions while providing economic benefits [16]. However, the
widely used demulsifier’s low-temperature emulsion-breaking performance is inadequate.
The emulsion layer of the settling tank after breaking the emulsion is excessively thick, and
the water content in the overflow port is likewise high, affecting the gathering system’s
regular operation. Because crude oil emulsions are derived from various production blocks,
the mechanism of emulsification and stabilization of extracted crude oil, the relationship
between different emulsions and the effect of emulsion breaking, and the mechanism of
action of low-temperature emulsion breakers are all insufficiently defined [17,18]. Common
low-temperature demulsifiers include ester copolymers [19], derivatives of highly polar
organic ammonia [20], hydrophobically linked trimers [21], silicone-containing demulsi-
fiers [22], polyethylene polyamine block polyethers [23], and phenol-amino aldehyde resin
polyether demulsifiers [24]. Low-temperature demulsifiers achieve rapid demulsification
of emulsions in low-temperature environments by decreasing the viscosity of the emulsion,
increasing the dispersion rate of the demulsifier in the emulsion, and limiting the influence
of waxes in low-temperature environments.

The influence of temperature on the emulsion viscosity and density differential be-
tween oil and water is the fundamental cause of the difficulty in breaking crude oil emulsion
at low temperatures [25]. The viscosity of crude oil is higher at low temperatures than at
high temperatures, and the diffusion and adsorption process of demulsifiers in crude oil is
hampered, resulting in a decreased migration rate of emulsion breakers. Furthermore, the
density difference between oil and water becomes lower at low temperatures, which influ-
ences the settlement and separation of liquid beads due to the density difference [26,27].
For emulsion mixtures containing solid-phase particles, the particles also affect the demulsi-
fication effect. Since solid particles are easily adsorbed by negatively charged crude oil, the
particles are suspended in the crude oil, which affects the settling and separation of oil and
water after demulsification [28]. Therefore, for light crude oil emulsions containing a large
number of particles, there are mainly mechanical and chemical methods to realize emulsion
solid–liquid phase separation [29]. The chemical method is through the demulsifier and in-
organic or organic macromolecular compounds compound, at the same time prompting the
destabilization of suspended particles and oil–water interfacial membrane destabilization,
solid-phase particle flocculation and settlement, oil droplets and droplet agglomeration
separation, and ultimately promoting the separation of the water phase, the oil phase, and
the solid phase [30]. After the dissociation of flocculants in emulsion, the counter-ion with
the opposite charge of oil droplets diffuses to the surface of oil droplets, compresses the
double electric layer, and reduces the electric repulsion between oil droplets, so that the
dispersed phase can be aggregated due to van der Waals’ gravity, and reduces the stability
of emulsification [31].

New multifunctional oilfield demulsifiers have been investigated to solve the problem
of increasing water content in oilfield recovery fluids [32]. The multifunctionality of oilfield
demulsifiers is usually achieved by compounding multiple single reagents. Bhupati R.
Bhattacharyya has proposed the synthesis of copolymer demulsifiers by emulsion poly-
merization using unsaturated acids and their corresponding derivatives as raw materials,
containing many hydrophilic and lipophilic groups, where other functional groups can be
introduced into the side chain to achieve the multifunctionality of the demulsifiers [33].
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Zhai prepared a new type of demulsifier with a synergistic effect of demulsification and ad-
sorption of oil droplets by silica gel-loaded polyether polysiloxane quaternary ammonium
salt, which is conducive to the improvement of the sedimentation and separation rate in
the late stage of demulsification [22]. It can also introduce other functional groups into the
side chain to realize the multifunctionality of the demulsifier.

In this research, a collection of fluid components and properties was studied to inves-
tigate demulsifying mechanisms based on the usual low-permeability reservoir circum-
stances of a particle. The simulated emulsion was subjected to demulsifier optimization
at low temperatures (25 ◦C, compared to conventional high-temperature dehydration) to
generate a low-temperature demulsifier formulation suitable for this low-permeability
reservoir. The optimization of a low-temperature demulsifier provides a theoretical and
practical foundation for emulsion breaking and dehydrating low-permeability oilfield
extraction fluids.

2. Results and Discussion
2.1. Emulsified Condensate Characterization

The primary objective of this work is to optimize chemical demulsifiers that can
efficiently break emulsification at low temperatures (20–30 ◦C), but treat large volumes
of liquids in the field, making low-temperature emulsification difficult. The emulsion
components are shown in Table 1. The field sample emulsion comprised 0.507 water, 0.384
straight-chain hydrocarbons and cycloalkanes, 0.056 clay content, 0.014 sodium and 0.019
calcium salts, and 0.02 surface-activating agent, such as dodecyl-dimethyl propylammo-
nium chloride. Dodecyldimethylpropylammonium chloride in the emulsion component is a
category of substances with emulsifying properties formed by the reaction of oilfield admix-
tures during extraction and transportation. The extracted fluid is sheared at a high speed
to form an emulsion, and the surface activator and the clay material enhance the interfacial
tension, resulting in increased difficulty in breaking the emulsion at room temperature.

Table 1. Emulsion components and properties.

Parameter Mass Ratio/%

Mass density/Kg·m−3 at 20 ◦C 891
Viscosity/mPa·s at 20 ◦C 4.6

Mass fraction of water 0.507

Mass fraction of alkane
C5–C21 0.308

Naphthenic hydrocarbon 0.076

Mass fraction of salt
Sodium chloride 0.014
Calcium chloride 0.019

Mass fraction of argillaceous 0.056
Surfactants 0.02

The impact of different temperatures on viscosity and the impact of shear rate on the
viscosity–temperature curve were tested by a DV-II viscometer to examine the anomalies
of the emulsions. Figure 1a shows the trend of emulsion viscosity with time at 25 ◦C, 50 ◦C,
and 75 ◦C. The emulsion viscosity does not vary with time at 25 ◦C, indicating that the
emulsion is stable. At 50 ◦C or 75 ◦C, the emulsion viscosity tends to decrease and then
stabilize as the test time increases, and the decrease in viscosity is less, indicating that the
emulsion is partially demulsified in the 50 ◦C or 75 ◦C temperature environment. Figure 1b
shows the trend of viscosity with temperature under different shear rate conditions. The
viscosity of the emulsion under different shear rate conditions decreases with the increase
in temperature, and the viscosity decreases greatly in the interval of 17~30 ◦C. Figure 1
shows the low sensitivity of the emulsion to temperature at low temperatures, with a more
pronounced viscosity change only at 50 ◦C and above. The increase in shear rate decreases
the apparent viscosity of the emulsion, but due to the absence of gums and asphaltenes, the
anomaly point is not obvious, and there is no sudden viscosity change point. By examining
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the relationship between viscosity, temperature, and shear rate, it was found that elevating
the temperature could not separate the muddy components in the emulsion. Table 1 shows
that the emulsion components are free of colloidal asphaltenes, which also indicates that
the emulsions do not have the conditions for the presence of a return to the normal point.
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Figure 2. Particle size distribution area of the solid phase. 
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Figure 1. Viscosity–temperature curves of crude oil sample from low–permeability oilfield. (a) Effect
of temperature on viscosity; (b) effect of shear rate on the viscosity–temperature profile of emulsions.

Since the surface layer of tiny particles in emulsions is charged and affects the bound-
ary surface energy of the emulsion, thus increasing the difficulty of breaking the emulsion,
in this paper, the solid-phase materials in emulsions were tested for particle size analysis.
Figure 2 shows the particle size distribution of the solid phase; more than 60% of the
particles in the emulsion are 1–100 µm in diameter, and the particle size is small. The
difficulty in demulsification containing clay micro-particle emulsion is attributed to the
adsorption of the particles on the surface of the emulsion which enhances the interfacial
strength, while the surface charge of the clay micro-particle facilitates the stabilization of
the emulsion. The smaller the particle size of clay particles, the easier it is to be adsorbed
on the surface of oil–water droplets, and the more conducive to emulsion stabilization.
Therefore, it is necessary to investigate not only the dehydrating rate of the emulsion at
room temperature by the emulsion breaker but also the oil removal rate.
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2.2. Effect of Different Surfactant Demulsifiers on the Demulsification of Emulsified
Condensate Oil

As shown in Figure 3, different surfactants have different oil and water separation
efficiencies, and demulsifiers such as SP, PR, AE, and AR were selected to measure the
demulsification experiments at a constant temperature of 25 ◦C. The experimental results
showed that the demulsifier of SP169, AE, and AR had poor demulsification and oil
removal performance, and the PR demulsifier had excellent demulsification de-oiling
and dehydrating performance. The demulsifier of SP and AR has better performance in
dehydrating compared to de-oiling, and the dehydrating, and de-oiling performance of the
AE series of demulsifiers are all poor. The PR series demulsifiers could separate more than
60% of the oil at room temperature within the initial 1h and separated all the oil and water
within 1 day (Figure 4). The outstanding demulsification performance of the PR series
demulsifier is attributed to the introduction of flocculating ionic chain segments on the
polyoxyethylene polyoxypropylene block. The cation in surfactants has the capability of
destabilizing interfacial charges and flocculating solid-phase particles in emulsions, which
can effectively diminish the interfacial strength of the emulsion, accelerate the emulsion
breaking efficiency and solid-phase particle flocculation, and significantly enhance the
discarding oil efficiently of emulsions. Figure 5 shows that SP169, AE, and AR demulsifiers
all have dehydrating performance, however, the upper layer of oil and mud particles
cannot be separated, making demulsification difficult.
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Figure 5. Selection of photographs showing the quality of the separated water after demulsification
using, from left to right, SP, PR, AR, and AE.

Figure 4 shows the trend of separated oil and water rates after demulsification over
time by adding 800 mg/L of PR1, PR2, and PR3 emulsion breakers at 25 ◦C. After adding
the demulsifiers, the emulsion was rapidly demulsified to remove oil, but a large amount of
oil was still not detached, and the demulsification effect increases with emulsion breaking
time. The separated water rates after 48 h of breaking the emulsion were 49.2%, 47.5%, and
48.3%, and the separated oil rates were 37.8%, 33.8%, and 38.1%, respectively, for PR1, PR2,
and PR3. Among them, PR1 and PR3 had a de-oiled and dehydrated effect consistent with
the compositions in the emulsions, and both had superior demulsification effects.

2.3. Effect of Different Temperature and Demulsifier Concentration on the Demulsification of
Emulsified Condensate Oil

Both temperature and concentration of demulsifiers are significant factors in the
demulsification effect. The demulsification effect was investigated by adding different
doses of PR1, PR2, and PR3. Figure 6a–c shows the separated oil and separated water rate
after 24 h of emulsion breaking at 25 ◦C with the addition of 800 mg/L demulsifiers, which
have an excellent demulsification effect. When the demulsifier dosage was 800 mg/L,
the separated water rates were 48.9%, 44.7%, and 47.2%, and the separated oil rates were
34.5%, 32.2%, and 36.1%, respectively, for PR1, PR2, and PR3. Compared to the demulsifier
dosage of 800 mg/L, the separated oil rate increased by 8.7%, 13.98%, and 6.09% when
the demulsifier dosage was 2400 mg/L. In summary, it is observed that the de-oiling and
dehydrating efficiency increased by 6.09% when the dosage was more than 800 mg/L, and
the dehydrating effect of PR3 was optimal. Therefore, the demulsifier concentration of PR3
can be adjusted according to economic efficiency.
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Due to the large treatment capacity of oilfield emulsion, and the low temperature
in winter, usually below 0 ◦C, the heating capacity of field equipment is poor; thus, we
examined the effect of temperature on the demulsification effect of PR series demulsifiers.
Figure 7 shows the demulsification effect after 24 h at 25 ◦C, 35 ◦C, and 45 ◦C. The concen-
trations of the demulsifiers were all 800 mg/L. The dehydrating and removal oil rate of the
PR demulsifier was enhanced with the increase in the demulsification temperature, among
which the PR3 demulsifier had the most optimal demulsification effect.
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2.4. Demulsifier Performance and Dehydration Mechanisms of the Emulsified Condensate Oil

Owing to the different surfactants used during the production process, the stability
of the emulsion is enhanced after high-speed shear rate conditions during transportation,
complicating the demulsification. The study shows that the difficulty in the demulsification
of an emulsion depends on the strength of the oil–water interfacial film. The stronger the
interfacial film and the slower the dispersion speed of the demulsifier, the more difficult it
is to demulsify the emulsion [34]. It is well known that due to the negative charge of oil
droplets in water, oil droplets repel each other to form a stable emulsion. The compositional
analysis (Table 2) and microscopic observation (Figure 8) of the samples revealed that
the adsorbed 1–100 µm clay particles at the interface of the oil–water phase enhanced the
interfacial tension, which increased the difficulty in emulsification of the emulsions, in
addition to the slowing down of the dispersion of the emulsifier in the emulsions at low
temperatures, which also reduced the emulsification efficiency of the emulsions.

The process of oil–water interfacial film from formation to rupture after adding the
demulsifier is shown in Figure 9. The cationic chains in the PR demulsifier adsorbed on the
oil–water interface promote the rupture of the interfacial film, and the emulsion droplets are
more likely to collide, which leads to the destabilization of the emulsion. The mechanism
of the demulsifier in reducing the strength of the interfacial membrane mainly includes
the following: The interfacial membrane is easier to rupture by reducing the interfacial
shear viscosity to release dispersed-phase droplets. The released droplets are more likely
to collide with the aggregation and destabilize the emulsion by reducing the interfacial
membrane viscoelasticity to achieve the effect of oil–water separation. The solid–liquid
phase separation speed was promoted by the flocculation of clay particles [35,36].
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Table 2. Demulsifiers used in this work, their series, and relative solubility number.

NO. Demulsifier Series Name RSN R x,y,z

1 SP SP169 10.3 18 (200–800, 400–1000,
600–1200)

2
PR

PR-1 13.3 - (300–500, 200–500,
300–500)

3 PR-2 12.6 - (500–800, 500–700,
500–700)

4 PR-3 12.8 - (500–800, 700–1000,
700–1000)

5

AR

AR16 12.4 6 (300–1000, 200–400, 0)
6 AR26 12.8 6 (300–1000, 300–500, 0)
7 AR36 13.6 6 (300–1000, 400–600, 0)
8 AR46 15 6 (300–1000, 500–700, 0)
9 AR48 15.2 6 (300–1000, 600–800, 0)
10

AE
AE9901 13 12 (300–600, 200–500, 0)

11 AE8051 17 12 (500–1000, 500–800, 0)
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Polyether demulsifiers are surface activators with adsorption on the oil–water interface
through the topping effect and produce a new oil–water interface [37]. The thickness of
the newly formed interfacial membrane is thinner. The strength of the membrane is
significantly decreased and emulsification occurs [24]. In addition, it has been shown that
SiO2 with adsorption function is embedded in the polyether emulsion breaker. The PR
demulsifier was modified for quaternary ammonium salts with an SiO2 adsorption function
on polyether emulsion breakers [38]. PR demulsifiers provide the capability to reduce the
viscoelasticity of the interfacial film and the interfacial shear viscosity and flocculate the clay
particles. The PR emulsion breaker first displaces and destroys the emulsion membrane,
after the completion of emulsion breaking, the oil droplets can be adsorbed by the positive
charge quaternary ammonium salt with flocculation function to complete the emulsion
breaking and flocculation in the same period.

2.5. The Experiment of On-Site Low-Temperature Demulsification

The output liquid first enters each metering station. All metering stations enter the
mixing pumping station, then it is pressurized by mixing pumps and finally enters the three-
phase separator of the first station through the external transport from the mixing pumping
station to the first station. After entering the three-phase separator, the separated water is
designed to contain less than 1000 mg/L of oil. The dosage of crude oil demulsifier is added
at the first end as much as possible to provide sufficient time to break the emulsion. In
summary, the emulsion-breaking performance experiments show that the PR3 demulsifier
is optimal, and the dosing concentration at each metering station is recommended to be
800 mg/L. The variation of water content in the first station was monitored daily during
the field test, and the test results are shown in Figure 10. After adding PR3, the oil content
of the separated water from the three-phase separator decreased rapidly from 19,000 mg/L
to less than 3000 mg/L, and to 1000 mg/L after 5 days.
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3. Materials and Methods
3.1. Materials

The emulsified condensate oil used in this investigation was sourced from the Dong-
sheng gas field in China, and its parameters are described in Table 1. (Figure 11) Polyethy-
lene polyamine polyoxyethylene polyoxypropylene ether (AE9901, AE8051), Polyoxypropy-
lene polyoxyethylene propylene glycol ether (SP169), Alkyl phenol formaldehyde resin
polyoxypropylene polyoxyethylene ether (AR16, AR26, AR36, AR46, and AR48), and Poly-
oxyethylene polyoxypropylene quaternized polyoxyolefins (PR-1, PR-2, and PR-3) were
graciously provided by the Shengli Chemical Co. Ltd. (Dongying, China), and demulsifiers
are from the commercially available series. The above drugs are of industrial purity. Table 1
summarizes the primary functionality, relative solubility number (RSN), and terminology
used in this work.
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3.2. Relative Solubility Number Determination

The RSN of the demulsifier was estimated in this research by titration experiments
with deionized water to assess the hydrophilicity and hydrophobicity of demulsifiers. The
mixed solution of toluene and dimethoxyethane was prepared with a volume ratio of
2.6%/97.4% (v/v). Then, 1.5 g demulsifiers were weighed and added to the mixed solution
until a cloudy solution was obtained, which was maintained for 30 s. Finally, titration was
initiated until turbidity 26 was attained, and three observations were averaged using the
preset parameters [23].

3.3. Bottle Tests

The solution was transferred to a glass container (25 mL) by weighting 20 g of emulsion
samples and was tested for several types of demulsifiers at a constant temperature (25 ◦C).
A total of 18 mg of demulsifier was introduced to the emulsion by using a micro-injector,
followed by mixing the demulsifiers and the emulsion by vibrating it for 5 min to fully
combine. The glass vials were returned to the thermostat at 25 ◦C, and the mass of oil
and water, which was separated, was weighed at regular intervals to account for emulsion
breakdown and separation.

The performance of the demulsifier is measured in terms of the mass percentage of
separated water (MS), wt %, which is defined as

Water/oil separation (m/m%) = mi/m0 × 100 (1)
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where mi is the mass of the water or oil separated and m0 is the original mass of water or
oil contained.

3.4. Measurement of Viscosity–Temperature Curve and Abnormal Point of Dehydrated Crude Oil

The beaker containing about 150 g of sampled emulsion was heated in a thermostatic
water bath, after which the viscosimeter was opened and initialized. The system and
sample were heated to 80 ◦C, a constant temperature for 10 min to start the measurement.
The test temperature was reduced at a rate of 2~5 ◦C/min until 25 ◦C, and the temper-
ature was maintained at a constant temperature for 10 min after each temperature was
reached. The shear viscosity of the emulsions was measured at a shear rate in the range of
170–1022 s−1. The anomaly point of the emulsion was analyzed by observing the position
of the inflection point of the viscosity–temperature curve.

3.5. Measurement of Clay Particle Size

The emulsion sample was separated from the oil, water, and solid phases by high-
speed centrifugation, and the separated clay solid phase was placed in a 100 ◦C constant-
temperature drying oven for 48 h to obtain the experimental sample. Weighing 100 mg
of the sample into the mechanical stirring cell, ultrasonic high-frequency vibration was
used to make the agglomerated particles fully dispersed and an electromagnetic circulation
pump was used to make the size of the particles dispersed throughout the entire circulatory
system in order to obtain a wide distribution of samples to test the accurate repeatability of
the results. Clay particle samples were measured using the laser particle sizer (BT-9300H(T),
Dandong Bettersize Instruments Co., Ltd. Dandong, Liaoning in case of China) to obtain
the distribution of their particle sizes.

3.6. Observation of Emulsion Microstructure

A total of 2 mL of sample was dropped in the center position of a clean and dry
slide. A coverslip was gently squeezed to avoid air bubbles, and then the focus of the
microscope was adjusted to find the target sample. The micro-morphology of the emulsion
samples before and after demulsification was observed by the M230-type metallographic
microscope (Shenzhen AOSVI Optical Instrument Co., LTD. Shenzhen, Guangdong in case
of China).

4. Conclusions

The reasons for the emulsion demulsification difficulty at room temperature were
analyzed by researching the composition of the emulsion samples, clay particle size distri-
bution, and the viscosity–temperature relationship curve of samples. The demulsification
effect of several types of surfactants on crude oil emulsions at low temperatures was in-
vestigated by the bottle-testing method, and the demulsification mechanism was analyzed
in combination with microscopic experiments. The experimental results revealed that the
emulsion samples did not contain colloidal asphaltenes, thus there was no abnormal point;
however, there were a large number of muddy particles ranging from 1 to 100 µm, which
increased the difficulty of low-temperature emulsion breaking. PR demulsifiers combine
the features of decreasing the interfacial tension between oil and water and adsorbing SiO2,
allowing for quick demulsification and flocculation at low temperatures. With the PR3
emulsion breaker used for field experiments, the oil content of the separated water can
reach 3000 mg/L in 1 day, and after 5 days of continuous emulsion breaking, it can reduce
to 1000 mg/mL.

Author Contributions: S.J. carried out most of the experiment and completed the original draft; B.X.,
T.Z. and Q.M. analyzed the experiment; Q.L. supervised the writing. All authors have read and
agreed to the published version of the manuscript.

Funding: This work funded by the National Natural Science Foundation of China (51172284).

Institutional Review Board Statement: Not applicable.



Molecules 2023, 28, 7524 12 of 13

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors also express their appreciation to technical reviewers for their
constructive comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zhang, N.S. Key production technologies of low-permeability gas reservoirs and their development trend. Nat. Gas Ind. 2006,

26, 38–41. [CrossRef]
2. Hu, W.R.; Wei, Y.; Bao, J.W. Development of the theory and technology for low permeability reservoirs in China. Pet. Explor. Dev.

2018, 45, 685–697. [CrossRef]
3. Liu, Y.K.; Wang, F.J.; Wang, Y.M. The mechanism of hydraulic fracturing assisted oil displacement to enhance oil recovery in low

and medium permeability reservoirs. Pet. Explor. Dev. 2022, 49, 864–873. [CrossRef]
4. Jian, O.Y.; Yan, M. Quantitative effect of droplet size and emulsion viscosity on the storage stability of asphalt emulsion. Constr.

Build. Mater. 2022, 342, 127994.
5. Sun, N.N.; Jiang, H.Y.; Su, R.Y. Experimental Study on Synergistic Demulsification of Microwave-Magnetic Nanoparticles. ACS

Omega 2022, 7, 35523–35531. [CrossRef] [PubMed]
6. Elena, V.; Marina, O.; Larisa, B. Microwave Irradiation in Technologies of Wastewater and Wastewater Sludge Treatment: A

Review. Water 2021, 13, 1784.
7. Nahid, H.; Hu, G.J.; Li, J.B. Application of Ionic Liquids for Chemical Demulsification: A Review. Molecules 2020, 25, 4915.
8. Liu, J.; Huang, X.F.; Lu, L.J. Turbiscan Lab® Expert analysis of the biological demulsification of a water-in-oil emulsion by two

biodemulsifiers. J. Hazard. Mater. 2011, 190, 214–221. [CrossRef]
9. Hu, C.; Liu, S.; Fang, S.W. Dissipative particle dynamics investigation of demulsification process and mechanism of comb-like

block polyether. Polym. Adv. Technol. 2018, 29, 3171–3180. [CrossRef]
10. Meor, M.H.S.B.; Abdul, L.A.; Afiqah, T.A.K. A review of demulsification technique and mechanism for emulsion liquid membrane

applications. J. Dispers. Sci. Technol. 2022, 43, 910–927.
11. Bai, Y.P.; Zhao, L.; Shao, L. Hybrid emulsifiers enhancing polymerization stabilities and properties of pressure sensitive adhesives.

J. Appl. Polym. Sci. 2010, 115, 1125–1130. [CrossRef]
12. Wu, Y.F.; Qu, X. Influence of Different Types of Emulsifiers on Properties of Emulsified Asphalt Binder and Its Evaporation

Residue by Molecular Dynamics Simulation. Adv. Mater. Sci. Eng. 2021, 2021, 3313460. [CrossRef]
13. Ayça, K.; Ayfer, S.E. Film and Surface Properties of Water-Based Latexes Prepared by Semicontinuous Emulsion Polymerization.

Macromol. Symp. 2011, 302, 266–272.
14. Jean, L.S.; Ana, M.F. Emulsion Stabilization, Breaking, and Inversion Depends upon Formulation: Advantage or Inconvenience in

Flow Assurance. Energy Fuels 2012, 26, 4027–4033.
15. Yogesh, D.; Rohit, K.S.; Ranvijay, S.; Naiya, T.K. Application of a novel surface-active green demulsifier for demulsification of

field crude oil emulsion. Sep. Sci. Technol. 2023, 58, 1654–1678.
16. Mwakasala, B.T.; Kang, W.L.; Yin, X. Demulsifier performance at low temperature in a low permeability reservoir. Pet. Sci. Technol.

2016, 34, 1905–1912. [CrossRef]
17. Ostapenko, T.; Weyland, M.; Eremin, A. Filaments formed in the hexagonal columnar liquid crystal phase of star-shaped

oligobenzoates(Article). Liq. Cryst. 2013, 40, 345–353. [CrossRef]
18. Xia, C.M.; Luo, Y.W. Modification of bitumen emulsion via heterocoagulation with SIS triblock copolymer latex. J. Appl. Polym.

Sci. 2017, 134, 45510. [CrossRef]
19. Srijaroonrat, P.; Julien, E.; Aurelle, Y. Unstable Secondary Oil/Water Emulsion Treatment Using Ultrafiltration: Fouling Control

by Back Flushing. Membr. Sci. 1999, 159, 11–20. [CrossRef]
20. Bessler, D.U.; Chilingarian, G.V.; John, O. Surface Operation in Petroleum Production; Chilingarian, G.V., Ed.; Elsevier: Amsterdam,

The Netherlands, 1987.
21. Bock, J.; Jacques, D.F.; Valint, P.L., Jr.; Pacansky, T.J.; Yang, H.W.-H. Hydrophobically Functionalized Cationic Polymers. US

0464957, 30 May 1989.
22. Zhai, M.J.; Wu, M.; Wang, C.Y. A novel silica-supported polyether polysiloxane quaternary ammonium demulsifier for highly

efficient fine-sized oil droplet removal of oil-in-water emulsions. RSC Adv. 2020, 10, 18918–18926. [CrossRef]
23. Wang, J.; Hu, F.L.; Li, C.Q. Synthesis of dendritic polyether surfactants for demulsification. Sep. Purif. Technol. 2010, 73, 349–354.

[CrossRef]
24. Li, Z.W.; Yin, S.; Tan, G.R. Synthesis and properties of novel branched polyether as demulsifiers for polymer flooding. Colloid

Polym. Sci. 2016, 294, 1943–1958. [CrossRef]
25. Li, Y.F.; Wang, X.; Zhang, H.M. Interfacial and demulsifying behavior of novel fluorinated hyperbranched polymers. J. Surfactants

Deterg. 2014, 17, 977–984. [CrossRef]

https://doi.org/10.1177/01445987211005212
https://doi.org/10.1016/S1876-3804(18)30072-7
https://doi.org/10.1016/S1876-3804(22)60316-1
https://doi.org/10.1021/acsomega.2c02226
https://www.ncbi.nlm.nih.gov/pubmed/36249357
https://doi.org/10.1016/j.jhazmat.2011.03.028
https://doi.org/10.1002/pat.4439
https://doi.org/10.1002/app.31211
https://doi.org/10.1155/2021/3313460
https://doi.org/10.1080/10916466.2016.1240691
https://doi.org/10.1080/02678292.2012.747736
https://doi.org/10.1002/app.45510
https://doi.org/10.1016/S0376-7388(99)00044-7
https://doi.org/10.1039/D0RA01679A
https://doi.org/10.1016/j.seppur.2010.04.021
https://doi.org/10.1007/s00396-016-3956-x
https://doi.org/10.1007/s11743-014-1573-6


Molecules 2023, 28, 7524 13 of 13

26. Kang, W.L.; Yin, X.; Yang, H.B.; Zhao, Y.; Huang, Z.; Hou, X.; Sarsenbekuly, B.; Zhu, Z.; Wang, P.; Zhang, X. Demulsification
performance, behavior and mechanism of different demulsifiers on the light crude oil emulsions. Colloids Surf. A Phys. Eng. Asp.
2018, 545, 197–204. [CrossRef]

27. Faisal, W.; Almomani, F. A critical review of the development and demulsification processes applied for oil recovery from oil in
water emulsions. Chemosphere 2021, 291 Pt 3, 133099. [CrossRef] [PubMed]

28. Tsabet, È.; Fradette, L. Effect of the properties of oil, particles, and water on the production of Pickering emulsions. Chem. Eng.
Res. Des. Trans. Inst. Chem. Eng. 2015, 97, 9–17. [CrossRef]

29. Zong, J.; Yuan, F.; Zhan, M.S. Numerical simulation of a mechanical flocculation process with multi-chambers in series. Water Sci.
Technol. 2023, 87, 1945–1960. [CrossRef]

30. Dickinson, E. Strategies to control and inhibit the flocculation of protein-stabilized oil-in-water emulsions. Food Hydrocoll. 2019,
96, 209–223. [CrossRef]

31. Lee, C.S.; Robinson, J.; Chong, M.F. A review on application of flocculants in wastewater treatment. Process Saf. Environ. Prot.
2014, 92, 489–508. [CrossRef]

32. Wu, J.Y.; Xu, Y.M.; Tadeusz, D. Development of a method for measurement of relative solubility of nonionic surfactants. Colloids
Surf. A Physicochem. Eng. Asp. 2004, 232, 229–237. [CrossRef]

33. Bhupati, R.; Bhattacharyya, D.G. Water Soluble Polymer as Water-in-Oil Demulsifier. US 683619, 14 April 1914.
34. Yuan, T.; Meng, J.Q.; Hao, T.Y. A scalable method toward superhydrophilic and underwater superoleophobic PVDF membranes

for effective oil/water emulsion separation. ACS Appl. Mater. Interfaces 2015, 7, 14896–14904. [CrossRef]
35. Yan, N.; Masliyah, J.H. Characterization and demulsification of solids-stabilized oil-in-water emulsions Part 2. Demulsification

by the addition of fresh oil. Coloids Surf. A Physicochem. Eng. Asp. 1995, 96, 243–252. [CrossRef]
36. Menon, V.B.; Wasan, D.T. A Review of the Factors affecting the stability of solids-stabilized Emulsion. Sep. Sci. Technol. 1988,

23, 21–31. [CrossRef]
37. Song, X.Y.; Shi, P.; Duan, M. Investigation of demulsification efficiency in water-in-crude oil emulsions using dissipative particle

dynamics. RSC Adv. 2015, 5, 62971–62981. [CrossRef]
38. Jana, H.; Peter, K.; Ivan, C. Natural rubber nanocomposites with organo-modified bentonite. Clays Clay Miner. 2009, 57, 444–451.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.colsurfa.2018.02.055
https://doi.org/10.1016/j.chemosphere.2021.133099
https://www.ncbi.nlm.nih.gov/pubmed/34848221
https://doi.org/10.1016/j.cherd.2015.02.016
https://doi.org/10.2166/wst.2023.096
https://doi.org/10.1016/j.foodhyd.2019.05.021
https://doi.org/10.1016/j.psep.2014.04.010
https://doi.org/10.1016/j.colsurfa.2003.10.028
https://doi.org/10.1021/acsami.5b03625
https://doi.org/10.1016/0927-7757(94)03059-9
https://doi.org/10.1080/01496398808075687
https://doi.org/10.1039/C5RA06570D

	Introduction 
	Results and Discussion 
	Emulsified Condensate Characterization 
	Effect of Different Surfactant Demulsifiers on the Demulsification of Emulsified Condensate Oil 
	Effect of Different Temperature and Demulsifier Concentration on the Demulsification of Emulsified Condensate Oil 
	Demulsifier Performance and Dehydration Mechanisms of the Emulsified Condensate Oil 
	The Experiment of On-Site Low-Temperature Demulsification 

	Materials and Methods 
	Materials 
	Relative Solubility Number Determination 
	Bottle Tests 
	Measurement of Viscosity–Temperature Curve and Abnormal Point of Dehydrated Crude Oil 
	Measurement of Clay Particle Size 
	Observation of Emulsion Microstructure 

	Conclusions 
	References

