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ABSTRACT  Oily/wastewater, a byproduct of various industrial processes such as petroleum refining, metal
processing, and food production, poses significant threats to industrial production, economic development, and
environmental'sustainability. Its improper disposal can lead to equipment corrosion, pipeline blockages, and even
fires, causing substantial economic losses. Moreover, the release of oily wastewater into the environment
contaminates wafer bodies, harms aquatic ecosystems, and jeopardizes human health through the food chain.
Therefore, developing efficient and environmentally friendly technologies for oily wastewater treatment is of
paramount importance. Among various treatment methods, the use of magnetic particles has emerged as a
promising approach due to its unique advantages. Magnetic particles exhibit excellent oil-water separation
performance, enabling efficient removal of oil droplets from wastewater. Their simple preparation process, often

involving co-precipitation or sol-gel methods, allows for cost-effective large-scale production. Furthermore,
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magnetic particles are environmentally friendly, as they can be easily recovered and reused through magnetic
separation, minimizing secondary pollution. These advantages make magnetic particles highly attractive for
practical applications in oily wastewater treatment. This paper provides a comprehensive review of the application
of magnetic particles in oily wastewater treatment. It begins by discussing the sources and characteristics of oily
wastewater, highlighting the complexity and challenges associated with its treatment. Subsequently, the principles
and processes of oil-water separation using magnetic particles are introduced, emphasizing the role of surface
properties, magnetic responsiveness, and particle size in determining separation efficiency. The paper then
systematically summarizes the different structures of magnetic particles employed for oil-water separation,
including core-shell structures, Janus particles, and magnetic composites. Each structure offers unique advantages
in terms of oil adsorption capacity, selectivity, and recyclability. Practical applications of magnetic particles in
various industries, such as oil spill cleanup, produced water treatment, and emulsion separations are also discussed,
demonstrating their versatility and effectiveness. Furthermore, the paper delves into the regégeration strategies for
magnetic particles, which are crucial for their sustainable application. Thermal regeneratiofiysolyent washing, and
magnetic field-assisted regeneration are among the methods explored, with their adyantages and limitations
analyzed. The factors influencing the oil-water separation performance of madgnetic\particles, such as surface
wettability, magnetic field strength, and operating conditions, are also thoreughly\examined. To enhance the
performance of magnetic particles, synergistic methods combining magneti€, sepdration with other techniques,
such as flocculation, filtration, and advanced oxidation, are reyiewed. Addifionally, the paper provides an
overview of the equipment used for magnetic separation. Speoifically, two prevalent operational principles are
discussed: one involves fixing magnetic particles in place and allowing oily wastewater to flow through them,
while the other entails adding magnetic particles to the wastéwatery mixing them thoroughly to adsorb dispersed oil,
and subsequently separating the magnetic particle-oil mixtufe from the water using magnetic selection. These two
approaches are analyzed in terms of their effieieticys sgaldbility, and suitability for different types of oily
wastewater. Finally, the paper offers a forward-fooking perspective on the future developments in this field. It
identifies key research directions, such as the dtvelopment of novel magnetic materials with enhanced
performance, the integration of magnetic separation with other technologies for improved efficiency, and the
exploration of new applications in em¢fging fields. This paper serves as a valuable reference for researchers and
engineers involved in the design, ‘symthesis, and application of magnetic particles for oil-water separation,
contributing to the advancement of suStainable oily wastewater treatment technologies.
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Table 1 -Prepapation method, structure and oil-water separation performance of magnetic particles in the

treatment of oily wastewater

Oil-wat
Magnetic particle . Preparation 1wa_er Recycle  Refer
Composite type Structure separation
name method . cycles ences
efficiency
Fe;0:@0A Fe;Os@compound  Co-precipitation 0" 1! 98% 6 [36]
3 3T P precip structure ’
Fe;0,@SiO Fe;04@compound Sol-gel Core-shell 90% 9 [39]
o : e P & structure ’
Fe;0,@PEI FeiOs@compound  Hydrothermal ~ Cor>rel! >90% 10 [38]
3 3T P 4 structure °

Fe;04,@PVP Fe;04@compound Hydrothermal Core-shell >99% 5 [52]
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Table 2 Factors affecting the performance of magnetic particle treatment of oily wastewater

Influenceing
factor

The impact of low parameter
setting

The impact of high parameter setting

Temperature

Stirring intensity

Magnetic particle
dosage

Reaction time

Initial oil content

Magnetic
induction
strength

Interaction time

Fluid dynamics
conditions

At lower temperatures, the
viscosity of oil-containing
wastewater increases,
complicating the oil-water
separation process.

Insufficient stirring intensity
results in inadequate interaction
between particles and oil droplets,
leading to lower reaction
efficiency.

Insufficient dosage fails to achieve
the necessary concentration for
effective interaction with
dispersed oil, resulting in low oil-
water separation efficiency.
Short reaction times may prevent
particles from reaching the oil-
water interface, resulting in
inadequate reactions.

Low initial concentration results in
insufficient interaction between
particles and oil droplets,
impairing oil-water separation
efficiency.

Weak magnetic fields may fail to
generate sufficient force for
particle-oil floc separation,

hindering oil-water separation.

Short interaction times may result
in insufficient'Contact between
particlés’andeil droplets, leading
to\poor/oil-water separation.
Similar'to Stirring intensity, low
flow_ rates result in insufficient
contact between particles and oil
droplets, reducing adsorption
efficiency.

Increasing the temperature reduces viscosity but raises
energy consumption. Further temperature increases
may lead to oxidation, decomposition, and gas bubble
formation, reducing oil removal efficiency.
Additionally, there is a risk of particle performance
degradation.

Higher stirring intensity enhances particle-oil droplet
interaction and increases reaction efficiency, but it
also increases energy consumptionyExcessively high
stirring intensity may induce sheaf forcés,that stabilize
the oil-water emulsion, reducing, sepdration’efficiency.

Excessive dosage strengthens inter-particle
interactions, leading to\agglomeration, which
negatively affects dispetsibility/ and the efficiency of
magnetic separation.

Prolonged redetion times may lead to side reactions
that reduce| oil removsdl efficiency, such as oxidation
of Fe?" in maghetic particles to Fe3', weakening their

adsorption capacity.

High initialoil content may cause the active sites on
magneti€ particles to become saturated too quickly,
requiring increased particle dosage or optimization of
processing time.

Once magnetic particles are saturated with adsorbed
oil, further increases in magnetic field strength
provide minimal improvement in oil removal
efficiency and may cause particles to deposit in the
separator, hindering regeneration and recycling.

Excessive interaction time may cause particle
aggregation or re-dispersion of oil droplets, thus
reducing separation efficiency.

High flow rates may cause excessive kinetic energy in
oil droplets, preventing their capture by the magnetic
particles. Additionally, high flow rates may cause
particle loss due to the movement of the particles with
the water flow.
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Table 3 Introduction to collaborative methods
Collaborati D . referenc
Brief introduction Advantages Performance
ve methods es
. ) Improves oil-water
Magnetic particles are grafted onto P . . .
. . . . L separation efficiency, Oil-water
Biological microorganisms with oil-water . .
. e accelerates the separation separation [66]
method separation capabilities, such as the . .
. . . process, and is efficiency: 80%
strain alcaligenes sp. S-xj-1. . .
environmentally friendly.
Accelerates flocculant- .
. . . . Chemical
Magnetic particles are coupled with water separation,
. . . . oxygen demand
Magnetic flocculants, which can flocculate significantly reducing
. . . . o . removal rate: [67]
flocculation dispersed oil while also providing separation time from 8 1%=tirbidit
magnetic response. 180-240 minutes to 7, Y
i reductiony’89%
under 15 minutes.
. . . . Reduces the amount of :
. Microwave assistance is added during . . Oil:water
Microwave- . . . magnetic particles used .
. the separation of oil-water phases with ) . separation [68]
assisted . . and improves oil-watet )
magnetic particles. . efficiency: 93%
separation performance.
Photocatalysis is added during the
separation of oil-water phases with Photocatalysis
magnetic particles; magnetite and Shows a'positive, improves by
Photocataly ;
sis adsorbed hydroxyl groups generate photocatalyticeffect at more than 10 [69]
hydroxyl radicals that further degrade low Fe;04loadifigs. percentage
the oil-water interface film through points
oxidation.
. Organic matter
Materials grafted on the surface of .
. . extraction
magnetic particles (e.g., ferrocene Enables cycle control of efficiency:
Redox nitrogen fc+a) can change oil-water phase stability . v
. g e . . 97.5%, oil-water [70]
reaction hydrophilicity/oleophilicity upon the and separation by adding . .
.. .o L stability/separati
addition of oxidizers/reducers, oxidizers/reducers.
roviding multi-response capabilities on can cycle at
P ’ least 3 times
Pre-treatment of water with air Fast oil-water separation
. flotation to remoye oil, fellowed by . P . ’ Both oil and
Air .. . : can quickly meet oilfield .
. mixing with reagents, then magnetic L suspended solids
flotation . \ . reinjection standards, . [71]
particle separatioftyand recycling of concentrations
synergy . 5 low treatment cost, long
the magnefic_patticles after further . . are below 5 mg/1
. equipment life.
processing.
. . Demulsifier can be .
. The demulsifier dmea used in oilfields Oil-water
Chemical LA . recovered and recycled .
reacts with triacetate iron to form a . . separation [72]
method ) . using electrical current or .
magnetic demulsifier m-dmea. efficiency: 96%
permanent magnets.
A new graphene aerogel-Fe;O . .
grap g. 3T Oil absorption
polystyrene mesh composite material, Can be recycled after .
Acrogel : . . . capacity: 40
) which combines the strong adsorption magnetic recovery and . . [73]
adsorption . times 1ts own
oil removal.

capabilities of porous materials to
adsorb oil in wastewater.

volume
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Table 4 Comparison of performance in treating oily wastewater

Device Outflow oil content Outflow SS content Outflow phenol content
(mgID) (mg1D (mg'1'H)
Gravity device 190 ~ 240 142 ~ 204 1500 ~ 4100
High gradient rflagnet.lc separator 19~23 33 1663
(Magnetic particles)

High grac%lent magnetlc separator 520 1 X3 260
(Magnetic particles+coagulant)
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Fig.8 Schematic diagram of purifying oily wastewater with magnetic particle filtration device
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