
Environmental Research 243 (2024) 117840

Available online 9 December 2023
0013-9351/© 2023 Elsevier Inc. All rights reserved.

Review article 

Review on demulsification techniques for oil/water emulsion: Comparison 
of recyclable and irretrievable approaches 

Joo Yee Low a, Cheng Seong Khe b,*, Fahad Usman c,d, Yarima Mudassir Hassan b, Chin Wei Lai e, 
Kok Yeow You f, Jun Wei Lim g,h, Kuan Shiong Khoo i,j,** 

a Department of Science and Technology Studies, Faculty of Science, Universiti Malaya, 50603, Wilayah Persekutuan, Kuala Lumpur, Malaysia 
b Department of Fundamental and Applied Sciences, Universiti Teknologi PETRONAS, 32610, Bandar Seri Iskandar, Perak, Malaysia 
c Centre for Advanced Industrial Technology, University of Malaysia Pahang, Pekan Campus, 26600, Pekan, Pahang, Malaysia 
d Department of Physics, Al-Qalam University Katsina, PMB 2137, Katsina, Katsina, Nigeria 
e Nanotechnology & Catalysis Research Centre (NANOCAT), Institute of Advanced Studies (IAS), Universiti Malaya, 50603 Kuala Lumpur, Malaysia 
f School of Electrical Engineering, Faculty of Engineering, Universiti Teknologi Malaysia (UTM), 81310, Skudai, Johor, Malaysia 
g HICoE-Centre for Biofuel and Biochemical Research, Institute of Self-Sustainable Building, Department of Fundamental and Applied Sciences, Universiti Teknologi 
PETRONAS, 32610, Seri Iskandar, Perak Darul Ridzuan, Malaysia 
h Department of Biotechnology, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences, Chennai, 602105, India 
i Department of Chemical Engineering and Materials Science, Yuan Ze University, Taoyuan, Taiwan 
j Centre for Herbal Pharmacology and Environmental Sustainability, Chettinad Hospital and Research Institute, Chettinad Academy of Research and Education, 
Kelambakkam, 603103, Tamil Nadu, India   

A R T I C L E  I N F O   

Keywords: 
Magnetic nanoparticles 
Demulsifier 
Oil water separation 
Circular economy 

A B S T R A C T   

Since the establishment of the first global refinery in 1856, crude oil has remained one of the most lucrative 
natural resources worldwide. However, during the extraction process from reservoirs, crude oil gets contami
nated with sediments, water, and other impurities. The presence of pressure, shear forces, and surface-active 
compounds in crude oil leads to the formation of unwanted oil/water emulsions. These emulsions can take 
the form of water-in-oil (W/O) emulsions, where water droplets disperse continuously in crude oil, or oil-in- 
water (O/W) emulsions, where crude oil droplets are suspended in water. To prevent the spread of water and 
inorganic salts, these emulsions need to be treated and eliminated. In existing literature, different demulsification 
procedures have shown varying outcomes in effectively treating oil/water emulsions. The observed discrepancies 
have been attributed to various factors such as temperature, salinity, pH, droplet size, and emulsifier concen
trations. It is crucial to identify the most effective demulsification approach for oil/water separation while 
adhering to environmental regulations and minimizing costs for the petroleum sector. Therefore, this study aims 
to explore and review recent advancements in two popular demulsification techniques: chemical demulsification 
and magnetic nanoparticles-based (MNP) demulsification. The advantages and disadvantages of each technique 
are assessed, with the magnetic approach emerging as the most promising due to its desirable efficiency and 
compliance with environmental and economic concerns. The findings of this report are expected to have a 
significant impact on the overall process of separating oil and water, benefiting the oil and gas industry, as well 
as other relevant sectors in achieving the circular economy.   

1. Introduction 

For over a century, crude oil has been the primary energy source 
driving the global economy, existing in the form of hydrocarbons (Adam 
et al., 2020; Hassan et al., 2021, 2022a, 2022b, 2023). Due to rapid 
population growth, our world has become excessively reliant on energy 

reserves for both domestic and industrial needs, leading to an estimated 
50% increase in global energy consumption by 2050 (Adam et al., 
2020). In reservoirs, crude oil coexists with water and rocks, and the 
presence of these physical entities affects the mobility of the oil (Hassan 
et al., 2022c). Various approaches have been employed to improve oil 
mobility by reducing the strong forces between oil and water, such as 
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