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Abstract. This study addresses the selection and evaluation of demulsifiers used for the effective breakdown of oil-
water emulsions during crude oil processing. Stable emulsions formed during oil production can cause pipeline blockages,
equipment corrosion, and increased energy consumption. Chemical reagents—demulsifiers—that reduce interfacial tension
and promote the separation of oil and water are widely used to resolve these issues. However, choosing an appropriate
demulsifier depends on several factors, including the physicochemical properties of the oil and water, the type of emulsion,
and technological parameters such as temperature and pH. The research involved a comparative analysis of both domestic
and foreign demulsifiers (Emulsol K2, Catapin, BioDem-50, EC2116A, etc.). The article describes laboratory methods such
as turbidimetry and interfacial tension measurement. Particular attention is paid to environmental safety, with a focus on the
effectiveness of biodegradable demulsifiers. Given the tightening of environmental regulations, the use of eco-friendly and
non-toxic demulsifiers is becoming increasingly important. The results indicate that an integrated approach tailored to specific
field conditions is essential for selecting an effective demulsifier. This research aims to enhance the efficiency of oil
preparation processes while ensuring their environmental sustainability.
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Introduction

The separation of oil and water is a critical stage in the processing of crude oil, as it directly affects
the efficiency of further refining and transportation. Oil-water emulsions, which are formed when water
is dispersed within oil under mechanical agitation, pressure, or temperature changes, pose significant
challenges to this process. These emulsions are highly stable and can cause various operational issues,
such as clogging pipelines, increasing energy consumption, causing corrosion of equipment, and
degrading the quality of the final product. In addition, their presence can lead to environmental concerns
if not properly addressed, particularly in terms of waste disposal and contamination.

Emulsions typically arise in oil production due to the complex interaction between water and crude
oil, which contains natural stabilizing agents such as asphaltenes, resins, paraffins, and fine solid
particles. These components create a resilient interfacial film between the oil and water phases, making
it difficult to separate them through conventional mechanical methods. As a result, chemical additives,
known as demulsifiers, are frequently employed to break down these emulsions. Demulsifiers work by
reducing the interfacial tension between oil and water, destabilizing the interfacial film, and facilitating
the coalescence of water droplets, which accelerates the phase separation process.

However, the selection of an appropriate demulsifier is not straightforward. It requires a
comprehensive understanding of several factors, such as the type of emulsion (direct, reverse, or multi-
phase), the physicochemical properties of both the oil and water, and the operational conditions such as
temperature, pressure, and pH levels. Additionally, as environmental regulations become more stringent,
the demand for biodegradable and low-toxicity demulsifiers has increased, further complicating the
selection process.
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This study aims to provide a detailed analysis of the various types of demulsifiers, their
mechanisms of action, and the methods used to evaluate their performance. By considering the unique
characteristics of different emulsions, this research seeks to develop a comprehensive approach for
selecting the most effective demulsifiers for specific field conditions, balancing efficiency with
environmental sustainability. The ultimate goal is to improve the overall efficiency of the oil-water
separation process, reducing operational costs, enhancing product quality, and minimizing environmental
impact.

Research Materials and Methods

The research focused on the selection and evaluation of demulsifiers for the destruction of oil-
water emulsions, with consideration of various factors such as emulsion type, chemical composition of
oil and water, and environmental constraints. The methods used to assess the performance of demulsifiers
and the testing procedures are outlined below:

1. Materials

The study utilized a range of domestic and foreign demulsifiers, each designed to handle different
types of emulsions encountered in oil extraction. These demulsifiers were selected based on their
chemical structure, mechanism of action, and suitability for specific conditions such as temperature, pH,
and the presence of stabilizing agents.

« Domestic Demulsifiers:

o Emulsol K2: A nonionic surfactant effective at low temperatures.

Catapin: A cationic demulsifier designed for high-asphaltene oils.
BioDem-50: A biodegradable, low-toxicity demulsifier.
Hypochem 515: An amphoteric demulsifier that works over a wide range of pH values.

« Foreign Demulsifiers:

o EC2116A (Baker Hughes): A nonionic demulsifier effective at medium to high temperatures.

o NALCO DMO277 (Ecolab/Nalco Champion): A composition based on polyethylene glycol
and ethoxylated alcohols.

o TRETOLITE DMO8669 (BASF): A demulsifier with high biodegradability.

o DOSSOLVAN 1189 (Clariant): Used in low-temperature conditions and for oils with high
paraffin content.

o PETRO-SOL 9800 (Schlumberger): A multi-phase demulsifier suitable for complex
emulsions.

The oils and water used in the study were representative of typical crude oil characteristics found
in the field, with varying levels of asphaltenes, resins, and paraffins. Water used for preparing the
emulsions was also analyzed for its mineral content, pH, and salinity to simulate real field conditions.

2. Methods

The performance of demulsifiers was evaluated through several laboratory techniques to assess
their ability to break down emulsions and separate oil and water phases effectively. The primary methods
used in the study are described below:

1.Bottle Test (Bottle Test Method)

The bottle test is a standard laboratory procedure used to simulate the emulsification process and
evaluate the efficiency of demulsifiers. A known quantity of emulsion is mixed with a specific dose of
demulsifier in a test bottle, and the mixture is then subjected to a controlled temperature (typically the
operational temperature of the field). After a set period, the separation of the oil and water phases is
observed and quantified.

Key parameters measured during the bottle test include:

« Phase Separation Efficiency: The volume of water separated from the emulsion.

o Water Content in Oil: The remaining water content in the oil after treatment.

« Turbidity of Water: The clarity of the separated water phase.

O O O
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2.Turbidity Measurement

Turbidity measurements were used to evaluate the transparency of the water phase after treatment
with the demulsifier. This is an important parameter for assessing how well the demulsifier has separated
the oil and water phases and removed fine particles or other impurities. A higher transparency
corresponds to a more effective separation process.

3. Interfacial Tension (IFT) Measurement

Interfacial tension measurements were used to quantify the ability of the demulsifier to break down
the interfacial film between water and oil phases. A reduction in interfacial tension indicates that the
demulsifier is effectively destabilizing the emulsion. This was measured using a tensiometer, which
determines the force required to pull apart the interfacial film.

4.Rheological Analysis

Rheological tests were conducted to assess changes in the viscosity of emulsions before and after
treatment with the demulsifier. A reduction in viscosity after treatment indicates that the demulsifier has
successfully broken the emulsified structure, making it easier to separate the phases.

5. lon-Exchange and Chemical Analysis

To assess the potential impact of demulsifiers on water chemistry, ion-exchange and chemical
analysis were performed. This was particularly important in cases where the emulsion contained high
mineral content, such as salts (Ca?", Mg?"), which could influence the behavior of the demulsifier. These
analyses helped determine whether the demulsifier caused any changes in the ionic composition of the
water phase.

3. Experimental Procedure

1. Preparation of Emulsions: Emulsions were prepared by mixing crude oil with water under
controlled conditions to achieve stable emulsions. The oil and water were combined in specific ratios
(typically 80% oil to 20% water) and mechanically agitated to form either direct or reverse emulsions.

2. Addition of Demulsifiers: Different concentrations of demulsifiers were added to the
emulsions based on the expected field concentrations. For each demulsifier, several dosages were tested
to determine the optimal amount required for effective emulsion breakdown.

3. Analysis and Evaluation: After treatment, the emulsion was allowed to settle, and the
separation process was monitored. The volume of water separated, the appearance of the water phase,
and the clarity of the water were recorded. Rheological properties, turbidity, and interfacial tension were
also measured to assess the effectiveness of the demulsifier.

4. Data Analysis: The results from the bottle test, turbidity, IFT, and rheological tests were
analyzed statistically to determine the most effective demulsifiers and their optimal dosages for specific
emulsion types.

Statistical Analysis. The experimental data was subjected to statistical analysis to ensure reliability
and reproducibility. The effectiveness of each demulsifier was compared based on the degree of phase
separation, turbidity reduction, and changes in interfacial tension. Statistical methods, including analysis
of variance (ANOVA), were applied to identify significant differences between the demulsifiers and
optimize their performance in various field conditions.

5. Environmental Considerations

In addition to the laboratory tests, the study also assessed the environmental impact of the
demulsifiers. Biodegradability tests were conducted to determine the environmental safety of the selected
demulsifiers, particularly those with bio-based components, such as BioDem-50. The focus on low-
toxicity and biodegradable demulsifiers aimed to align the research with modern ecological standards.

In summary, the research combined a variety of laboratory methods to evaluate and compare the
performance of different demulsifiers in breaking down oil-water emulsions. The results of these tests,
along with statistical analysis and environmental considerations, provided valuable insights into the
optimal selection and use of demulsifiers in real-world oil extraction and processing conditions.
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Results and its discussion

The study highlights the complexity involved in selecting the appropriate demulsifier for oil-water
emulsions, focusing on factors such as emulsion type, the chemical composition of the oil and water,
temperature, and other technological parameters. Several key points emerged from the research:

1. Emulsion Types and Stability: The study demonstrates the diverse types of emulsions
encountered in oil extraction, including direct (water-in-oil) and reverse (oil-in-water) emulsions, which
can be highly stable due to the presence of stabilizing substances such as asphaltenes, resins, paraffins,
and solid particles. These emulsions are difficult to separate, often leading to corrosion, increased energy
consumption, and operational inefficiencies.

2. Effectiveness of Demulsifiers: The research compares both domestic and foreign demulsifiers,
noting their varying effectiveness depending on emulsion stability, temperature, and chemical
composition. Domestic demulsifiers, such as Emulsol K2, Catapin, and BioDem-50, show promising
results in specific conditions, including low temperatures and high-asphaltene oils. Foreign demulsifiers
like EC2116A (Baker Hughes) and NALCO DMO277 (Ecolab) are also highly effective under medium-
to-high-temperature conditions.

3. Laboratory Testing Methods: Several laboratory tests were used to evaluate the performance
of demulsifiers, including bottle tests, turbidity measurements, and interfacial tension assessments. The
bottle test, in particular, proved invaluable in simulating real-world conditions and providing insights
into the efficiency of various demulsifiers. Additionally, measuring interfacial tension helps in
understanding how well a demulsifier can destabilize the interfacial film, which is crucial for achieving
efficient phase separation.

4. Environmental Considerations: With growing ecological concerns, there is an increasing
emphasis on the selection of biodegradable and low-toxicity demulsifiers. The study stresses the
importance of balancing efficiency with environmental safety, recommending the use of bio-based
chemicals like BioDem-50, which offer minimal environmental impact while maintaining high
performance.

5. Optimization of Demulsifier Dosage: The results suggest that optimizing the dosage of
demulsifiers is crucial to minimize operational costs while ensuring effective separation of phases. This
requires careful analysis of the specific conditions of the oilfield, including the salinity, temperature, and
chemical composition of the emulsion.

Conclusion

In conclusion, the development of a comprehensive approach to the selection of demulsifiers is
essential for improving the efficiency and environmental sustainability of oil preparation processes. The
study emphasizes that there is no one-size-fits-all solution for demulsifier selection; instead, a careful,
case-by-case analysis is required. Laboratory testing, including bottle tests and interfacial tension
measurements, plays a critical role in identifying the most effective demulsifier for a given set of
conditions. Additionally, the shift toward biodegradable and low-toxicity demulsifiers aligns with both
ecological standards and industry needs, ensuring that oil preparation processes become both more
efficient and environmentally responsible. The research lays the groundwork for future developments in
demulsifier technology and encourages the adoption of more tailored, efficient solutions in the petroleum
industry.
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Anpatna. byn 3eprrey mmKi MyHaWzmel eHJey OapBICBIHAA MYHAH-Cy OSMYJNbCHSUIAPBIH THIMAI KO0 YIIiH
KOJIJAHBUIATBIH JIEeMyJIbraTopiapApl TaHAAy JKoHE Oaranmay MoceleNiepiH KapacTeIpambl. MyHail eHnipy Ke3iHae maina
00JIaThIH TYPAKThI IMYJILCUSIIAP KYOBIPIapABIH OiTeTyiHe, 5Ka0AbIKTHIH KOPPO3HUSChIHA )KOHE SHEPTHUS IILIFLIHBIHBIH ApTybIHA
ceben Oomanel. by smynscusimapasl THIMAL Oeily YIIiH AeMyibratopiap KOJZaHBUIAAbI, OipaK olapIslH TaHAATYbl MyHail
MEeH CyAblH (U3MKa-XUMISUIBIK KacHeTTepiHe, IMyJbCcHUs TYpiHE >KoHE TemmepaTypa, pH CHAKTBI TEXHOIOTHSIIBIK
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napaMeTpiiepre OaiylaHbICThL. 3epTTey OapbIChIHAA OTAaHABIK JXKOHE HieTeNmik OipHeme aemynbsraropiap (Emulsol K2,
Catapin, BioDem-50, EC2116A, T.6.) canbICTBIpMaIIbl TYPAE 3epTTeNAl. DMYIbCHSIAPIbI KO0 YIIiH (azaapaibik Kepiaymi
TOMEHJICTETIH JKOHE Cy MEH MaiAblH OeJliHyiHe BIKNaJ eTeTiH XHMHSUIBIK pearcHTTEp-AedMYJIbraTopiap KeHIHEeH
KoJiiaHbuIaAbl. Makanana TypOuIuMeTpus skoHe (a3aapalblK KepHEYAl oJIIey CHAKTB 3epTXaHaJIbIK 9/liCTep CUIIATTaJFaH.
JlereHMeH, IyphIC SMyJIbraToOpIbl TaHAAy KeNTereH (akTopiapra, COHBIH IIIiHIE dMYJIbCHS TYpiHE, MyHall MEH CyIbIH
(dH3HKa-XUMHSUIBIK CHIIATTaMallapblHa jKoHe TeXHOMOTMUIBIK IapameTpiiepre OainanbicTel. COHBIMEH KaTap, SKOJOTHSIIBIK
Kayilci3miKKe epeKie MoH Oepiiil, OMONOTHSIIBIK BIABIPANTEIH JeMyIbraTopiaapAblH THIMAUIITT 3epTTeNi. DKOJOTHSIIBIK,
TajanTap TYPFHICHIHAH OHOJIOTHSUIBIK BIIBIPAHTHIH JKOHE KayilTi eMec dMyJIbraTopiapsl KoJIgaHy MaHbBI3IbI 0oa Tycyne.
Hotmxenep kepceTkeneit, opOip skarmaiina THIMAI JeMyJIbraTopIpl TaHAay YIIiH HAKTHI XKaFaaiira OefiMaenreH KemeH i
oNic KaXeT. 3epTTey MYHaibpl JalblHAAY MPOLECTEpiHiH THIMAUIIIH apTTHIPYMEH Karap, OJapJblH AKOJOTHSIIBIK
TYPaKTBUIBIFBIH KAMTaMacChI3 €Tyre OarbITTaJIFaH.
Tyiiin ce3aep: amyibcus, achanbTeHaep, Malbipiaap, napagunaep, cy, MyHai, Oey.
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AHHoTanus. J[aHHOE HUCCIIeIOBaHNE PacCMaTPUBACT BOIPOCHI BEIOOpA M OLICHKH AEMYJIbraTOPOB, IPHMEHIEMBIX UL
3 deKTUBHOrO pa3pynieHHs BOZOHS(TIHBIX dMYJIBCHIl B Ipolecce nepepaboTKu ChIpoil HedTH. Y CTOHYHBBIE SMYIIBCHH,
BO3HHUKAIOIIUE NPH I00BIYE HE(TH, NPUBOIAT K 3aCOPEHUIO TPYOONPOBOIOB, KOPPO3UH OOOPYAOBAaHHS M YBEIUYCHHUIO
sHepros3arpar. s 3(deKTHBHOrO pasmeneHus 3THX OSMYJIbCHIl LIIMPOKO HPHUMEHSIOTCS XHUMHYECKHUE PEarcHThl —
JeMYJIBraTophl, CHIDKAIONIME MEeX(pa3sHOe HATSHKEHHE W CHOCOOCTBYIOIIWE pa3felieHUIo BoAbl M HepTH. OgHako BBIOOP
HOAXOMAIIET0 JIEeMYJIbraTopa 3aBUCHUT OT (PU3MKO-XMMHYECKHX CBOMCTB He(TH M BOIBI, THIA OMYJbCHH, a TaKKe
TEXHOJIOTUUECKHX T1apaMeTpoOB, TakuxX Kak Temmeparypa u pH. B uccienoBaHuM CpaBHUTENBHO aHAIM3MPOBAIUCH Kak
OTe4eCTBEHHbIE, TaK U 3apy0exHblie gemysbratopsl (Emulsol K2, Catapin, BioDem-50, EC2116A u ap.). B craTbe onucansl
71ab0paToOpHbIe METO/bI, TaKHE KaK TypOMIUMETpHs M u3MepeHHe Mex(daszHoro HarspkeHus. Ocoboe BHHMaHHUE Y/IETICHO
9KOJIOTMYECKO}l 0e30macHOCTH: HcciefoBaHa d(P(EeKTUBHOCTh OHONOTHYECKH pa3jlaraeMbIX JeMyJbraTopoB. B ycioBusx
Y)KECTOUYCHUSI HKOJIOTUYECKUX TpeOOBaHUIT BO3pACTAeT 3HAYSHUE UCTIONIb30BAHHS IKOJIOTHYECKH 0€30MacHbIX, HETOKCHYHBIX
peareHToB. [loayueHHbIe pe3ynbTaThl MOKa3ajH, YTO JJIs1 BEIOOpa 3(D(GEKTHBHOTO JeMyJbraTopa HeOOX0AUM KOMIUICKCHBIH
MOAXOJ, aJIalNTUPOBAaHHBII K KOHKPETHBIM yCIOBHSAM. lccienoBaHWe HAamnpaBieHO Ha MOBBILECHHE 3(P(EKTHBHOCTH
MOATOTOBKM HEPTH U 0OecriedeHHe SKOJIOTHYECKON YCTOHYMBOCTH TIPOLIECCOB.

KuaroueBble ciioBa: smynbcus, achanbTeHbl, CMOJIBI, TapadUHbL, BOJA, HEPTh, pa3iciicHHUE.
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