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ABSTRACTــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
Demulsification (dehydration) of crude oil plays a crucial role in reducing 

oil contamination within the porous media of soil and rock structures and 
preventing corrosion of pipelines and surface facilities. Over the past two 
decades, the application of ultrasonic wave irradiation for demulsification and 
desalting of crude oil has gained increasing attention due to its significant 
environmental and economic advantages. However, a research gap exists 
regarding the comparison of conventional demulsification methods with 
ultrasonic treatment (UST). In this study, a comprehensive review was conducted 
to evaluate the effects of UST on crude oil demulsification. UST decreases the 
stability of water-in-oil emulsions, particularly when low-frequency waves are 
applied. Based on the findings, UST emerges as a promising method for both 
demulsification and desalting of crude oil. Based on the results, UST causes salt 
removal rates surpassing 90% and residual water content consistently under 
0.3% vol., even for high-viscosity heavy crude feedstocks. When deployed in 
refinery pre-treatment systems, this technology enhances desalter efficacy 
while slashing chemical demulsifier consumption by 40-60%. The results 
highlight a dual benefit: robust operational performance under extreme 
conditions and a significant reduction in chemical dependency. The primary 
mechanisms of UST-driven demulsification are cavitation and wave-induced 
vibrations. These mechanisms alter the interfacial tension (IFT) between crude 
oil and water, reduce oil viscosity, increase pressure and temperature, and 
crack heavy crude oil components, especially asphaltene clusters. Combining 
UST with conventional demulsification methods can enhance performance. 
For instance, the simultaneous application of UST and nanotechnology 
presents a practical approach for efficient demulsification. Additionally, the 
synergistic effects of UST and chemical additives should be comprehensively 
investigated to identify optimal operational conditions. The results of this 
research provide insights for the oil industry to improve demulsification 
efficiency and reduce environmental contamination associated with crude oil.

Available online 30 December 2024
2588-5596/© 2016 The Authors. Published by Iranian Gas Institute. 
This is an open access article under the CC BY license. ( https://creativecommons.org/licenses/by/4.0 )  

JOURNAL OF GAS TECHNOLOGY 

 Volume 9 / Issue 2 / Winter 2024 / Pages 39-53

Journal Home page: http://jgt.irangi.org



40  Journal of Gas Technology . JGT , Volume 9 / Issue 2 / 2024

ــــــــــــــــــــــــــــــــــ
1. Introduction

UST has emerged as a groundbreaking 

technology revolutionizing multiple industries 

through its unique combination of operational 

efficiency and environmental benefits. In 

petroleum processing, UST significantly 

improves crude oil demulsification and desalting 

processes by generating controlled cavitation 

that effectively destabilizes water-oil emulsions 

[1], reduces IFT, and inhibits asphaltene 

aggregation in transportation pipelines [2]. 

The pharmaceutical and specialty chemical 

sectors utilize UST’s precision energy delivery 

for critical applications, including nanomaterial 

dispersion, controlled drug crystallization, and 

clean extraction methodologies. The food 

industry has adopted ultrasonic technology 

for its ability to achieve microbial inactivation 

through non-thermal pasteurization [3] 

while simultaneously improving product 

homogeneity [4] and emulsion stability [5]. 

Environmental engineering applications 

demonstrate UST’s versatility in advanced 

wastewater treatment systems, where it 

efficiently mineralizes organic contaminants 

and maintains membrane filtration efficiency, 

as well as in industrial precision cleaning 

operations for high-value components in 

aerospace and automotive manufacturing 

[6]. Perhaps most significantly, UST offers 

a sustainable alternative to conventional 

processes by dramatically reducing both energy 

consumption (replacing thermal methods) and 

chemical dependency, while maintaining cost 

competitiveness across industrial scales.

The application of ultrasonic waves in the 

petroleum industry traces its origins to the 

mid-20th century, when researchers began 

exploring non-invasive methods to enhance oil 

recovery and improve process efficiency [7-8]. 

Early studies in the 1950s-70s focused on using 

low-frequency ultrasound for well stimulation 

and permeability enhancement, leveraging 

its mechanical vibrations to dislodge trapped 

hydrocarbons in reservoir rock [9-10]. By the 

1980s, advancements in transducer design 

enabled higher-frequency systems, expanding 

applications to emulsion breaking, desalination, 

and contaminant removal. Notably, ultrasonic 

cavitation, the formation and collapse of 

micro-bubbles, emerged as a key mechanism 

for destabilizing water-oil emulsions, offering 

a chemical-free alternative to traditional 

demulsifiers [11-12].

Crude oil produced from reservoirs typically 

contains saltwater (brine). This water dissolves 

in the oil due to the drag forces of oil flow 

and a reduction in the IFT between oil and 

water. Lowering IFT plays a significant role in 

the formation of water-in-oil emulsions. As IFT 

decreases, more water emulsions form within 

the oil. In other words, reduced IFT enhances 

water’s tendency to mix with the oil [13-14].

Chemical additives such as surfactants 

can further reduce the IFT between oil and 

water. Additionally, reservoir conditions 

including pressure and temperature along 

with water properties (salinity and pH) and 

crude oil characteristics (density, viscosity, and 

composition) influence the quantity and size of 

water emulsions in crude oil [15-16].

The presence of water-in-oil emulsions 

significantly affects crude oil quality. These 

emulsions pose challenges such as accelerated 

corrosion in pipelines and surface equipment 

within petrochemical and refinery plants. From 

an environmental perspective, emulsions are 

concerning because they can contaminate 

porous media in soil and rock structures. 

Moreover, such contamination may spread to 

surface water and aquifers [17-18].

Mineral deposition from high-salinity water 

can clog pore throats in soil and rock, leading 

to reduced permeability and restricted fluid 

flow at the pore scale. These deposits also 

narrow the effective diameter of pipes, altering 
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fluid pressure. Furthermore, mineral scaling 

can damage surface facilities and reduce their 

efficiency. This process also promotes corrosion 

in pipelines and equipment due to changes in 

the system’s electrical charge [18-19]. (Figure 1) 

illustrates the key benefits of demulsification in 

the oil industry.

Figure 1. Advantage of Demulsification Operation 
in the Oil Industry

Various methods exist for demulsification 

and desalting of crude oil, including chemical 

and thermal approaches, but these conventional 

techniques have significant economic and 

environmental limitations. Recently, UST has 

attracted growing interest due to its lower 

operational costs and enhanced safety compared 

to traditional methods. However, a research gap 

remains regarding a systematic comparison 

between conventional demulsification methods 

and UST, as well as a detailed analysis of ultrasonic 

wave advantages.

In this study, we conducted a comprehensive 

review of UST’s effects on crude oil 

demulsification. The findings of this research 

can be applied in the oil industry to optimize 

demulsification efficiency and minimize oil-

related contamination.

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
2. Demulsification Methods

Demulsification refers to the process of 

separating a crude oil emulsion into distinct 

oil and water phases. This phase separation is 

crucial in petroleum processing. Three primary 

demulsification methods exist: physical, 

chemical, and biological approaches, with 

effectiveness determined by their ability to 

destabilize emulsions until complete phase 

separation occurs.

Common demulsification (dehydration) 

techniques encompass several approaches, 

including electromagnetic or electrical heating, 

which applies energy to separate emulsions; 

hot fluid injection, where heated fluids are 

introduced to reduce viscosity; solvent injection, 

particularly using surfactants to alter IFT; and 

fluid pressure control, which manipulates system 

pressure to facilitate phase separation [20-21]. In 

dehydration processes, warm dry air is typically 

circulated over oil to extract moisture, with 

efficiency enhanced by oil thinning. For natural 

gas, dehydration involves removing water 

molecules through absorption or adsorption. 

Modern crude oil separation often employs hot 

furnace systems [21-22].

The demulsification process serves as a critical 

step in crude oil purification by effectively 

separating water from oil. Commonly employed 

demulsifiers include acid/base-catalyzed phenol-

formaldehyde resins, polyamines and polyols, 

and specialized surfactants, each selected based 

on their specific interaction properties with oil-

water emulsions. Chemical desalting, an essential 

complementary process, follows three key 

stages: first, introducing water and surfactant 

demulsifiers to the crude oil; second, heating 

the mixture to facilitate impurity dissolution; 

and finally, allowing sufficient settling time in 

separation tanks for complete phase separation. 

As the predominant industrial method, chemical 

demulsification effectively treats both water-in-

oil and oil-in-water emulsions by accelerating 
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emulsion breakdown. However, formulating 

emulsion-specific demulsifiers remains 

technically challenging. For desalination, the 

most prevalent methods are reverse osmosis 

(membrane-based) and multistage flash 

distillation (thermal-based) [23-24].

Conventional demulsification methods 

present several notable limitations that hinder 

their effectiveness. Chemical methods are 

often hampered by three primary constraints: 

prohibitively high operational costs, significant 

risks of environmental contamination, 

and limited applicability in industrial-scale 

operations. Similarly, thermal methods face 

substantial challenges, particularly their heavy 

dependence on electrical energy and economic 

impracticality when implemented in large-scale 

projects [24-25]. In light of these limitations, 

UST has gained prominence in recent years as 

a viable and promising alternative for crude 

oil demulsification. As visually summarized 

in (Figure 2), UST stands among various 

available demulsification techniques, offering 

distinct advantages over these conventional 

approaches.

Figure 2. Various Methods for Demulsification 
of Crude Oil

ــــــــــــــــــــــــــــــــــــــــــــــــــــــ
3. Ultrasonic Treatment

Ultrasonic wave irradiation has emerged 

as an innovative and versatile technique for 

modifying key fluid properties in crude oil 

systems. This advanced approach effectively 

reduces IFT between oil and water phases, 

significantly decreases overall fluid viscosity, 

and facilitates the breakdown of heavy 

hydrocarbon components, particularly effective 

against stubborn asphaltene clusters. These 

simultaneous modifications work synergistically 

to enhance oil flow characteristics and improve 

separation efficiency, making UST a valuable 

tool for modern petroleum processing 

applications. Operating at frequencies above 

20 kHz, ultrasonic wave power depends on 

the piezoelectric properties of the transducers 

employed [26-27]. When applied to crude oil, 

wave radiation generates internal bubbles 

due to pressure differentials. These bubbles 

collapse upon reaching critical size, triggering a 

sharp increase in oil temperature and pressure, 

a phenomenon known as cavitation.

Additionally, UST induces vibrational energy 

within the oil. Cavitation and vibration can alter 

the oil’s molecular structure and composition. 

Specifically, UST breaks down heavy crude oil 

components through cavitation effects.

Research has identified the existence 

of an optimal UST condition characterized 

by minimized oil viscosity and significantly 

reduced asphaltene cluster formation [28-29], 

as visually demonstrated in (Figure 3), which 

illustrates the mechanistic impact of ultrasonic 

waves on asphaltene clusters within crude oil 

systems.
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Figure 3. Schematic Image of the Ultrasonic Wave Effect on the Asphaltene Clusters in the Crude Oil

Recently, UST has been utilized for the 

demulsification and desalting of crude oil. 

During this process, cavitation and wave 

vibrations decrease the stability of water-in-

oil emulsions and promote the aggregation of 

water droplets [29-30]. The primary mechanisms 

driving demulsification include: 1) A rise in fluid 

temperature resulting from cavitation, and 2) 

Energy distribution within the oil caused by 

wave vibrations. Additionally, increased oil 

temperature reduces IFT between oil and water 

and alters their interactions [31-32].

Experimental results demonstrate that UST 

significantly reduces both the quantity and size 

of water emulsions in crude oil. Furthermore, an 

optimal irradiation time exists, which depends 

on the properties of crude oil, reservoir 

rock, and irradiated wave parameters. Thus, 

identifying optimal ultrasonication conditions 

is critical for large-scale projects to enhance oil 

flow efficiency.

For surface facilities and transport pipelines 

facing challenges such as inorganic (mineral) 

deposition, these optimal UST conditions 

must be thoroughly investigated and precisely 

determined to ensure operational efficacy [33-35].

ـــــــــــــــــــــــــــــــــــــــــــــــــ
4. Advantages of UST

Compared to conventional methods 

such as chemical, mechanical, or biological 

approaches, UST offers significant economic 

and environmental advantages. Unlike these 

methods, UST avoids damage and pollution in 

pipelines, equipment, and porous rock media 

while eliminating the need to inject chemical 

additives (e.g., solvents or demulsifiers) into 

the system. Moreover, UST is inherently safer, 

posing no health hazards to personnel during 

operations [36-39].

Economically, UST requires no costly 

pumping systems, specialized materials, or 

advanced equipment. Instead, only a transducer 

powered by electricity is needed. Additionally, 

UST can target specific sections of pipelines or 

porous media (rock/soil) to mitigate damage 

and prevent organic/inorganic deposition. 

Critically, UST operates continuously during 

oil production, avoiding economic losses 

associated with shutdowns [40-42].

Mechanistically, UST reduces oil viscosity 

through cavitation phenomena, significantly 

improving oil flow rates post-treatment. 

Alterations in pressure and temperature during 
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UST modify fluid properties, including IFT and 

wettability. Experimental evidence confirms 

UST’s efficacy in both demulsification and 

desalting of crude oil [43-45].

Synergistic integration of UST with 

conventional methods such as chemical solvent 

injection, thermal treatments, nanotechnology, 

or gas injection enhances outcomes while 

minimizing system damage. In summary, 

combining UST with other techniques optimizes 

demulsification efficiency [46-49]. (Figure 4) 

highlights the key benefits of UST.

Figure 4. Benefits of Ultrasonic Technology as a 
Well-Stimulation Method

ــــــــــــــــــــــــــــــــــــــــــــــ
5. Challenges of UST

The primary limitation of UST is its limited 

penetration depth. Ultrasonic waves can only 

affect a small portion of a rock or pipe and cannot 

treat large-scale systems. Consequently, UST is 

unsuitable for addressing large-scale issues such 

as pipeline blockages. For high-production-rate 

crude oil demulsification, UST faces significant 

limitations and must be integrated with 

conventional methods like thermal or chemical 

treatments. Another key challenge involves 

identifying optimal operating conditions [50-53].

As noted earlier, determining the optimal 

irradiation duration is crucial and must be 

tailored to each crude oil’s specific properties. 

This process requires extensive experimental 

analysis of the crude oil’s physical and 

rheological characteristics. Such analyses can 

prolong operational timelines, posing practical 

constraints for industrial applications.

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
6. Summary of Experimental Results

Numerous studies have explored the 

demulsification and desalting of crude oil 

using UST. Researchers have demonstrated that 

ultrasound irradiation alters crude oil properties, 

reducing emulsion stability and promoting water 

droplet aggregation [54-56]. UST is an effective 

method for both desalting and demulsification, 

offering significant environmental benefits, 

such as minimizing oil pollution in soil porous 

media and preventing pipeline corrosion 

caused by brine. Economically, UST lowers costs 

associated with repairing or replacing surface 

and subsurface equipment through efficient 

demulsification. A summary of key studies on 

UST’s impact on crude oil demulsification is 

provided in (Table 1).

Ultrasonic wave irradiation induces phase 

separation in water-oil emulsions by elevating 

fluid temperature and generating vibrational 

energy. This process relies on viscosity reduction 

in crude oil post-irradiation, enabling water 

droplets to coalesce and form distinct oil and 

water phases [42-45]. Low-frequency ultrasonic 

waves are highly effective for demulsification, 

whereas high frequencies prove ineffective due 

to induced emulsion instability [14-16].

Ultrasonic demulsification is critical in 

the oil industry as it rapidly separates water 

from crude oil without chemical additives 

and operates at relatively low temperatures. 

Furthermore, ultrasonic waves disrupt adhesion 

forces between particles by transferring energy, 

leading to their disintegration.
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Table 1. A Summary of the Recent Studies on the Effect of Ultrasonic Waves on the Demulsification of Crude Oil

Authors/Year
Ultrasonic Waves 

Characteristics
Emulsion Blocking Mixed Deposition

Yang et al
(2009)
[13]

20 kHz
100 W

Measure demulsify-
ing velocity

	y Result was a dehydrating ratio of 97.7% under the condition of 10 
min of irradiating time, 50 mg/L of demulsifier, and 75°C of water 
bath temperature..

Yi et al
(2017)
[14]

20-40 kHz
50-150 W

Microscopic imag-
ing

	y Combined method of UST and chemical demulsifier has the best 
demulsification effect, followed by chemical demulsifier.

	y UST without using a chemical demulsifier has the least demulsification 
effect.

	y Final demulsification rate increases with the increase of temperatures 
and wave power and almost does not change with the increase of 
wave irradiation time.

Pedrotti et al
(2018)
[15]

35 kHz
200 W

Particle size analysis 
and Droplet size 
distribution (DSD) 
analyzing

	y Demulsification efficiency up to 93% was obtained with 15 min of 
UST (100% amplitude) using a few amounts of chemical demulsifier.

	y Reactors positioned in the most intense acoustic regions provided 
a much higher efficiency of demulsification in comparison with the 
ones positioned in the less intense acoustic field region.

Xu et al
(2019)
[16]

10 kHz, 15 kHz, 
20 kHz, 25 kHz, 

30 kHz
200 W

Imaging and record 
the total volumes 
of the dehydrated 
water and the 
whole mixed 
sample

	y Demulsification rate increases with the increase of sound intensity, 
but the demulsification rate will decrease when wave intensity 
reaches a certain level; the demulsification rate decreases with the 
increase of wave frequency.

	y The demulsification rate increases with the increase of sedimentation 
time, but the increasing extent of the dehydration rate tends to be 
reduced with the increase of sedimentation time.

	y With the increase in temperature, the effect of UST on the 
demulsification of crude oil is decreased, or the advantages of UST 
can be fully displayed only at low temperatures.

Romanova et al
(2022)
[17]

40 kHz
1000 W

Microscopic imag-
ing

	y Destruction above 99% of all the studied emulsions is achieved by 
UST with 1.0 kW power together with the addition of nanopowder 
AlN suspension in acetone.

	y Application of this approach leads to a significant decrease in oily 
waste formation.

	y  The exposure time was 0.5-3 min, and the additive amount was 4-8 
%vol.

	y The proposed method applies to destroying regular and gel-
containing emulsions.

Song et al
(2024)
[18]

40 kHz
Measuring the vol-
ume of separated 
oil and water

	y The combined UST and pyrolysis of the crude oil shows a dehydration 
rate of 61 %, beneficial for the green transformation and utilization 
of subsequent demulsification products.

Gao et al
(2024)
[19]

20 kHz
650 W

Microscopic and 
particle size analy-
ses

	y Oil samples achieve demulsification and dehydration under UST, 
with a maximum dehydration rate of 98 %.

	y UST destabilizes the oil-water interfacial membrane and causes 
droplets of different sizes to collide, agglomerate, and settle.

To refine and desalt crude oil, salt removal is 

essential. A common desalting method involves 

electrical processes; however, research indicates 

that combining UST with electrical methods 

significantly enhances desalting and dewatering 

efficiency. For example, crude oil with high initial 

salt concentrations retained elevated salinity 

after two-stage electrical refining, but applying 

UST-electrical hybrid technology under optimal 

conditions reduced salt content from 68 mg/L 

to 4 mg/L in a single stage, with water content 

dropping below 0.3% by volume [54].

These results demonstrate that UST 

outperforms standalone electrical methods 

for desalting high-salinity crude oil. In a 2013 

experimental study, UST achieved an 80% 

desalting rate under optimal parameters (10kHz 

frequency, 5-minute irradiation time) [55]. A 

summary of key studies on UST’s desalting 

efficacy is provided in (Table 2).
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Table 2. A Summary of the Recent Studies on the Effect of Ultrasonic Waves on the Desalting of Crude Oil

Authors/Year
Ultrasonic Waves

Characteristics

Type of

Experiments
Main Findings

Guoxiang et al

(2008)

[56]

20 kHz

100 W
Measuring TDS

	y The salt content of crude oil can be reduced from 67.5 mg.L-1 to 3.97 
mg.L-1 after UST and the water content falls below %0.3 (by volume).

	y Ultrasonic-electric united process is more effective than the electric 
process in high salt-contenting oil desalting.

	y This technology should be useful in the refinery process.

Ye et al

(2010)

[57]

10 kHz

0.38 W/cm

Measure of salt 

content

	y The combined application of a standing wave field and demulsifier 
demonstrated superior performance compared to the use of 
demulsifier alone. Specifically, the desalting and dewatering rates 
were 11.5% and 4.3% higher, respectively, in the hybrid treatment.

Check et al

(2014)

[58]

30 kHz

75 and 50 W

Measure of salt 

content and depo-

sitions

	y The dehydration rate was more than 95% and the final salt content 
was up to 2.5 PTB, which can meet the need for refineries.

	y This proposed technique managed to reduce the settling time to 
5(×2) min after UST.

Hu et al

(2014)

[59]

75 W

Investigation of oil 

recovery and salt 

removal

	y In general, ultrasonic irradiation could be an effective method in terms 
of oil recovery and salt removal from refinery oily sludge, but the 
separated wastewater still contains relatively high concentrations of 
PHCs and salt, which requires proper treatment.

Wang et al

(2018)

[60]

10 kHz, 15 kHz, 

20 kHz, 25 kHz, 

30 kHz

Sedimentation 

Analysis and Imag-

ing

	y Dehydration rate will decrease when sound intensity reaches a certain 
level.

	y Water ratio has a heavy and complex influence on ultrasonic 
dehydration rate.

	y The effect of ultrasonic dehydration becomes better with the increase 
of temperature.

Pedrotti et al

(2018)

[15]

35 kHz

Average droplet 

size distribution 

analysis

	y Demulsification efficiency up to 93% was obtained with 15 min 
of sonication (100% amplitude) using few amount of chemical 
demulsifier.

Xu et al

(2019)

[16]

100 W and 

250 mg/L

Comparison of 

demulsifying and 

dehydrating crude 

oil

	y Sonochemical technique has the best effect for crude oil 
demulsification/dehydration.

	y The demulsification effect varies with the increase of ultrasonic 
radiation time.

	y Ultrasonic wave acts as demulsifying agents, and with the increase of 
power, the dehydration rate of the crude oil emulsion increases.

Sadatshojaie et al 

(2021)

[61]

20 kHz

80 W to 1000 W

Microscopic imag-

ing

	y Water separation under UST was effective and occurred rapidly.

	y As the intensity of the ultrasonic waves increased, the amount of 
water segregated from crude oil also increased.

	y UST offers environmentally friendly alternatives to treatments using 
chemical demulsifiers as they reduce the desalination requirements of 
wastewater.

Ronchi et al

(2021

[62]

35, 45, and 

130 kHz

Imaging of water 

droplets

	y Low-frequency UST is also a practical method for treating the 
produced water to remove oil.

	y Oil removal efficiency is about 77%.

Chen et al

(2022)

[63]

40 kHz

260 W

Imaging of water 

droplets

	y The most effective operation parameters are temperature, followed 
by acoustic power intensity, ultrasonic irradiation time and demulsifier 
concentration.

	y Water droplets in heavy oil undergo less aggregation than those in 
light crude oil.

Bahmani et al

(2024)

[64]

40 kHz

100 W

Response surface 

methodology (RSM)

	y Desalting of crude oil was achieved successfully in a remarkable 
number of experiments.

	y The maximum desalting of 80% was obtained when the flow rate and 
water content were 18 ml/s and 20%, respectively.
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UST has emerged as an innovative and 

efficient technology for crude oil desalting 

and dehydration, leveraging unique physico-

chemical mechanisms to overcome limitations 

of conventional methods. The technology 

operates through three synergistic effects: 

(1) intense cavitation generates localized 

microjets and shockwaves that rupture 

stabilizing films at oil-water interfaces, (2) 

high-frequency vibrations promote droplet 

coalescence through enhanced collision 

frequency, and (3) controlled thermal effects 

reduce viscosity while preserving heat-

sensitive components. This multi-modal 

action achieves remarkable processing 

efficiencies, with field demonstrations 

showing salt reduction exceeding 90% and 

residual water content below 0.3% vol., even 

for challenging heavy crude applications. 

Modern implementations combine UST 

with electrostatic separation in refinery pre-

treatment systems, where it significantly 

enhances desalter performance while reducing 

chemical demulsifier requirements by 40-

60%. The technology’s compact footprint 

and rapid processing (typically 5-15 minutes 

versus hours for conventional systems) make 

it particularly valuable for offshore platforms 

and pipeline terminals. Current research 

focuses on intelligent process optimization 

through machine learning algorithms that 

dynamically adjust ultrasonic parameters 

based on real-time crude quality monitoring, 

while nanotechnology integration shows 

promise for further efficiency gains. Despite its 

demonstrated advantages in energy efficiency 

(30-50% reduction versus thermal methods) and 

environmental benefits, scale-up challenges 

persist, particularly in maintaining uniform 

acoustic fields in large-volume processing 

vessels, an area where phased-array transducer 

configurations are showing potential solutions. 

These ongoing advancements position UST as 

a transformative technology in the petroleum 

industry’s transition toward more sustainable 

and cost-effective processing solutions.
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7. Future Direction and Suggestions

Based on the findings, we recommend 

integrating UST with conventional 

demulsification methods to enhance 

efficiency. For instance, combining UST with 

nanotechnology offers a practical approach. 

Specifically, Fe2O3 NPs or CDs exhibit enhanced 

demulsification efficiency in crude oil. Future 

studies should explore magnetic NPs, as a 

research gap exists regarding their synergy 

with UST.

Another viable strategy is coupling UST 

with chemical demulsification. Combining 

solvent injection (e.g., toluene) with chemical 

demulsifiers can alter IFT between oil and 

water, thereby destabilizing water-in-oil 

emulsions. We propose investigating the 

synergistic effects of UST and surfactants to 

identify optimal conditions for maximum 

demulsification efficiency.

Additionally, integrating UST with thermal 

methods (e.g., hot fluid injection) could 

improve water separation and desalting. 

Notable research gaps remain in exploring UST’s 

synergies with chemical and thermal methods, 

urging researchers to rigorously evaluate these 

combinations for novel solutions. (Figure 5) 

summarizes proposed future research directions 

for UST hybrid methodologies.

Figure 5. Combination of Ultrasonic Treatment 
with other Methods
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8. Discussion

UST revolutionizes crude oil demulsification 

and desalting through three core mechanisms: 

cavitation, vibration, and thermal effects. 

Cavitation generates microbubbles that 

collapse violently, disrupting interfacial films 

between oil and water, while vibrational 

shear forces accelerate droplet coalescence. 

Simultaneously, localized heating reduces oil 

viscosity and fractures heavy components 

like asphaltene clusters, enhancing phase 

separation. These mechanisms collectively 

reduce IFT and improve salt dissociation, 

achieving >90% desalting efficiency and 

<0.5% residual water content in optimized 

systems. The technology’s benefits include 

rapid processing (minutes vs. hours), reduced 

chemical dependency, and lower energy 

consumption compared to thermal methods, 

making it particularly effective for viscous or 

heavy crude oils. However, limitations persist: 

UST’s limited penetration depth restricts 

scalability in large tanks, and optimal parameters 

(e.g., frequency, irradiation time) require 

crude-specific calibration. Additionally, high-

frequency waves may destabilize emulsions 

unpredictably. Despite these challenges, UST’s 

environmental and economic advantages drive 

its adoption in refineries and offshore platforms. 

Future advancements in hybrid systems (e.g., 

UST + nanotechnology) and AI-driven process 

optimization promise to overcome current 

constraints, positioning UST as a cornerstone of 

sustainable petroleum processing.

ـــــــــــــــــــــــــــــــ
9. Conclusion

In this study, the impact of UST on crude 

oil demulsification and desalting was 

comprehensively investigated. Key findings 

from this review include:

1.	 UST offers significant advantages over 

conventional demulsification methods 

(e.g., thermal or chemical approaches). 

It is an environmentally friendly, high-

safety, and cost-effective solution for 

dehydration projects.

2.	 UST destabilizes water-in-oil emulsions, 

particularly under low-frequency 

wave conditions. Experimental 

evidence confirms its efficacy for both 

demulsification and desalting of crude 

oil.

3.	 The primary mechanisms driving UST 

demulsification are cavitation and 

wave-induced vibrations. These physical 

phenomena modify the IFT between 

crude oil and water, while simultaneously 

reducing oil viscosity, elevating system 

pressure and temperature, and breaking 

down heavy hydrocarbon components - 

particularly asphaltene clusters.

4.	 One significant limitation of UST is 

its limited penetration depth, which 

restricts its effectiveness for crude 

oil demulsification. Furthermore, 

UST achieves optimal efficiency only 

under specific conditions that must 

be individually determined for each 

crude oil type. These ideal operating 

parameters are directly influenced by 

multiple factors, including ultrasonic 

wave power, the crude oil’s density and 

viscosity, and the system’s pressure and 

temperature.

5.	 The integration of UST with 

conventional demulsification methods 

can significantly enhance overall 

performance. Specifically, combining 

UST with nanotechnology represents 

a particularly promising approach for 

efficient demulsification. Moreover, a 

thorough investigation of the synergistic 

effects between UST and various 

chemical additives could help establish 

optimal operational parameters for 

maximum effectiveness.
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Nomenclature

Abbreviation Full Term

AI Artificial Intelligence

CDs Carbon dots

IFT Interfacial Tension

kHz kilohertz

NPs Nanoparticles

UST Ultrasonic wave treatment

W Watt
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چکیــــده

امولسیون زدایی )آبyزدایی( نفت خام نقش مهمی در کاهش آلودگی نفتی در محیط متخلخل خاک و سازهyهای سنگی و جلوگیری از 
خوردگی خطوط لوله و تأسیسات سطحی دارد. در طول دو دهه گذشته، استفاده از تابش امواج مافوق صوت برای امولسیون زدایی و نمکyزدایی 
نفت خام به دلیل مزایای زیستyمحیطی و اقتصادی قابلyتوجهی که دارد، توجه روزافزونی را به خود جلب کرده است. بااینyحال، یک شکاف 
تحقیقاتی در مورد مقایسه روشyهای متداول امولسیون زدایی با درمان اولتراسونیک )UST( وجود دارد. در این مطالعه، یک بررسی جامع برای 
ارزیابی اثرات UST بر امولسیون زدایی از نفت خام انجام شد. UST پایداری امولسیونyهای آب در نفت را کاهش میyدهد، بهyویژه هنگامی که 
امواج فرکانس پایین اعمال میyشود. بر اساس یافتهyها، UST بهyعنوان یک روش امیدوارکننده هم برای امولسیون زدایی و هم نمکyزدایی نفت 
خام مطرح شده است. بر اساس نتایج، UST باعث میyشود که میزان حذف نمک بیش از ۰۹ درصد و محتوای آب باقیمانده بهyطور مداوم زیر 
۰/۳ درصد حجم باشد، حتی برای مواد اولیه خام سنگین با گرانروی بالا. هنگامی که این فناوری در سیستمyهای پیشyتصفیه پالایشگاه مستقر 
میyشود، کارایی نمکyزدایی را افزایش میyدهد و در عین حال مصرف دمولسیفایر شیمیایی را ۰۴ تا ۰۶ درصد کاهش میyدهد. نتایج یک مزیت 
دوگانه را برجسته میyکند: عملکرد عملیاتی قوی در شرایط سخت و کاهش قابلyتوجه وابستگی شیمیایی. مکانیسمyهای اولیه امولسیون زدایی 
مبتنی بر UST کاویتاسیون و ارتعاشات ناشی از موج هستند. این مکانیسمyها کشش سطحی )IFT( بین نفت خام و آب را تغییر میyدهند، 
گرانروی نفت را کاهش میyدهند، فشار و دما را افزایش میyدهند و اجزای نفت خام سنگین، بهyویژه خوشهyهای آسفالتین را میyشکنند. ترکیب 
UST با روشyهای متداول امولسیون زدایی میyتواند عملکرد را افزایش دهد. بهyعنوان مثال، کاربرد همyزمان UST و نانوتکنولوژی یک رویکرد 
عملی برای امولسیون زدایی کارآمد ارائه میyدهد. علاوه بر این، اثرات همyافزایی UST و افزودنیyهای شیمیایی باید بهyطور جامع بررسی شود 
تا شرایط عملیاتی بهینه شناسایی شود. نتایج این تحقیق بینشyهایی را برای صنعت نفت بهyمنظور بهبود راندمان امولسیون زدایی و کاهش 

آلودگی محیطی مرتبط با نفت خام ارائه میyکند.
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