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A B S T R A C T

A Ni-SiC composite coating was effectively synthesized on a stainless-steel substrate through a jet electrodepo
sition technique integrated with a magnetic field, and then utilized for oil/water separation. Guided by an 
external magnetic field, the magnetically responsive nickel components loaded with hydrophilic SiC were 
incorporated into the coating, creating a coral-like micro-nano hierarchical rough structure. The functionalized 
mesh demonstrated remarkable superhydrophilic properties and submerged low-adhesion superoleophobicity. 
Appropriate processing parameters were identified by analyzing how electrodeposition duration and voltage 
influence the surface topography as well as the wettability associated with the Ni-SiC-coated mesh. The results 
indicated that the Ni-SiC-coated mesh prepared at 30 V for 10 min exhibited a WCA of 0◦ and a UOCA of 152.2◦. 
Ni-SiC-coated meshes fabricated at a lower voltage required a deposition time of 30 min to achieve super
hydrophilicity and underwater superoleophobicity. The mesh achieved high efficiency along with superior pu
rification levels for various oil/water emulsions and sustained a stable separation performance (exceeding 95%) 
after 50 cycles. The treated substrate maintained its functionality in aggressive media. In natural conditions, the 
Ni-SiC-coated mesh still retained its outstanding superhydrophilicity and underwater superoleophobicity after 
three months of storage. In addition, the Ni-SiC-coated mesh maintained a UOCA of more than 150◦ after water 
erosion for 10 h.

1. Introduction

Industrial and domestically generated oily wastewater severely af
fects ecosystems and human health [1–3]. It is widely recognized that 
these complications can be effectively resolved through the oil/water 
separation process. However, traditional oil/water separation methods 
are limited because of unfavorable characteristics, including suboptimal 
separation performance, exorbitant running expenses, susceptibility to 
incidental contamination, and intricate execution procedures [4]. Thus, 
exploiting an efficient and economical method to treat oily wastewater 
is necessary and urgent.

Materials endowed with unique wetting behaviors show contrasting 
affinities for oils and water, paving the way for novel separation meth
odologies [5]. Over the past few years, "oil-selective" substances 

characterized by superhydrophobic/superoleophilic properties have 
gained significant attention [6,7]. Nevertheless, these interfaces often 
suffer from clogging or degradation when exposed to viscous crude oils 
[8,9]. Mimicking the underwater oleophobicity observed in fish scales, 
researchers have pioneered "water-selective" surfaces that merge 
superhydrophilicity with underwater superoleophobicity [10,11]. Such 
systems facilitate the creation of a robust hydration shield, which pre
cludes the attachment of oily residues. To date, these functional in
terfaces have been synthesized via diverse protocols, including chemical 
etching [12], hydrothermal [13], electrospinning [14], chemical vapor 
deposition [15], and layer-by-layer assembly [16]. Furthermore, elec
trodeposition has become a prevalent method because of its 
cost-effectiveness, procedural simplicity, and excellent batch-to-batch 
reliability [17,18]. Compared with conventional methods, jet 
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electrodeposition technology offers enhanced liquid-phase mass trans
port. This advancement substantially suppresses concentration polari
zation while promoting higher limiting current densities, which 
collectively bolsters the efficiency of the coating process [19,20]. 
Nevertheless, few research has been conducted on using jet electrode
position for the synthesis of superhydrophilic/underwater super
oleophobic mesh substrates.

Studies have shown that the combination of surface chemistry with 
high surface energy and micro/nano hierarchical structures contributes 
to the superhydrophilicity of a material [21]. Thus, the synthesis of 
superhydrophilic coatings uses nanoparticles characterized by high 
surface energy. For example, Gondal et al. [22] constructed surfaces 
with superhydrophilic and underwater superoleophobic properties by 
atomizing nanostructured TiO2 onto stainless steel mesh frameworks. 
Gunatilake et al. [23] demonstrated the fabrication of high-performance 
coatings by applying natural and hydrothermally processed mica onto 
stainless steel mesh, achieving simultaneous superhydrophilicity and 
underwater superoleophobicity. Nickel coatings are widely used in in
dustrial products and protective coatings because of their corrosion 
resistance and chemical stability [24,25]. Recent studies reported the 
synthesis of nickel-coated meshes possessing superhydrophilic proper
ties for use in oil/water separation processes [17,26]. However, previ
ous studies [27] showed that the nickel-coated meshes spontaneously 
adsorb low-surface-energy organics in the air, thereby losing super
hydrophilicity. As a type of hydrophilic ceramic filler, nano-sized SiC 
particles show outstanding oxidation resistance, robust mechanical 
performance, and superior chemical stability [28]. It is expected to 
prepare stable superhydrophilic/underwater superoleophobic meshes 
by incorporating nano-SiC particles into nickel coatings.

In this work, jet electrodeposition with a magnetic field was applied 
to fabricate Ni-SiC composite coating meshes. Under the influence of an 
external magnetic field, the Ni-SiC composite particles were deposited in 
the coating and formed a coral-like micro-nano hierarchical structure on 
the mesh. The forming process of the micro-nano structure was 
analyzed. Further investigation revealed that the surface morphology 
and wettability of the Ni-SiC-coated mesh were significantly affected by 
the electrodeposition time and voltage. The functionalized mesh 
demonstrated exceptional wettability, featuring simultaneous under
water superoleophobicity and superhydrophilicity. This enabled the 
gravity-driven purification of various oil/water mixtures with high ef
ficiency. The prepared superhydrophilic mesh can be used repeatedly at 
least 50 times and exhibits stability in acidic, alkaline, brine, and natural 
environments.

2. Experimental setup

2.1. Materials

Stainless steel meshes were applied as cathode substrates in the 
electrodeposition. The composite particles were mixed with Nickel 
nanoparticles (500 nm) and SiC nanoparticles (150 nm) using a plane
tary ball mill with a 5:1 mass ratio. The morphology and XRD pattern of 
Ni-SiC composite particles are demonstrated in Fig. 1. SiC particles were 
mixed with Ni particles by stirring in a planetary ball mill. Hexane, 
silicone oil, kerosene, liquid paraffin, and dichloromethane (DCE) were 
obtained from Shanghai Aladdin Biochemical Technology Co., Ltd as oil 
resources in the oil/water separation test. The composition of the elec
trolyte used in the experiments of magnetic field-assisted jet electrode
position is listed in Table 1. All reagents in this study are analytical- 
grade.

2.2. Experimental device

Fig. 2 illustrates the magnetic field-assisted jet electrodeposition, 
where an adjustable pump delivers the electrolyte into the anode cavity 
to be ejected through a 2 mm × 30 mm rectangular nozzle. A nickel rod 
serves as a soluble anode within the cavity to replenish consumed nickel 
ions, while the conductive electrolyte jet completes the electrical circuit 
between the anode and cathode. During the process, the nozzle executes 
a cyclic reciprocating motion across the cathode mesh, facilitating uni
form coating deposition under DC power excitation. A water bath 
maintains the electrolyte at a constant temperature, and a magnet block 
positioned beneath the cathode fixture provides a uniform magnetic 
field perpendicular to the cathode surface.

2.3. Processing of Ni-SiC composite coating

Before electrodeposition, the stainless-steel mesh (35 mm × 35 mm) 
was ultrasonically cleaned with ethanol for 10 min, and then washed 
with deionized water. A constant magnetic field of 50 mT was 

Fig. 1. Morphology and XRD pattern of Ni-SiC particles.

Table 1 
Composition of electrolyte.

Chemicals Content

NiSO4⋅6 H2O 260 g/L
NiCl2⋅6 H2O 40 g/L
H3BO3 40 g/L
C7H5O3NS 5 g/L
Ni-SiC 1 g/L
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maintained by aligning the magnet so that the flux lines were perpen
dicular to the cathode surface. The scanning range of the nozzle was 
30 mm, and a Ni-SiC composite coating with a dimension of 
30 × 30 mm2 was formed. Specific settings for the magnetic field- 
assisted jet electrodeposition were listed in Table 2.

2.4. Samples characterization

The surface and cross-section morphologies of stainless-steel mesh 
and coatings were captured by the scanning electron microscope (SEM, 
JSM-6360LV, Japan). The chemical composition of the electrodeposited 
coatings was detected with the energy dispersive spectroscopy (EDS, X- 
MAX, Oxford Instruments, UK). The phase distribution and grain 
orientation of Ni-SiC composite particles were characterized by an X-ray 
diffraction (XRD, Ultima IV, Japan). The scanning rate of XRD was 10◦/ 
min. Water contact angle (WCA) and underwater oil contact angle 
(UOCA) were tested with the sessile drop method through the contact 
angle goniometer (OCA50AF, Dataphysics, Germany) at ambient tem
perature. Underwater adhesion testing was conducted using a poly
tetrafluoroethylene (PTFE) tube to manipulate the oil droplet (DCE, 
5 μL). The organic content of the collected filtrate was measured using a 
total organic carbon (TOC) analyzer (Multi N/C 3100, Analytik Jena, 
Germany).

2.5. Experiments of oil/water separation

In the experiment of oil/water separation, hexane, kerosene, silicone 
oil, liquid paraffin, and DCE were used to verify the separation behavior 
of different oils. Before the experiment, the materials were wetted in the 
deionized water. The oil/water separation equipment was assembled by 
clamping the prepared mesh between two quartz glass tubes with an 

inner diameter of 16 mm. For easier observation, Sudan I was added to 
the oil, and methylene blue was added to the water. An oil/water 
emulsion (1:1 ratio) was supplied from the inlet of the device, where the 
permeated water phase was subsequently recovered and measured after 
passing through the Ni-SiC-coated mesh. The oil/water separation effi
ciency is calculated by Eq. (1) [29]: 

η = (m1/m0) × 100% (1) 

where m1 and m0 are the weights of oil before and after separation, 
respectively.

The oil/water separation ability of the superhydrophilic mesh was 
measured by the oil intrusion pressure and water permeation flux. [30]. 
The oil intrusion pressure is determined by the maximum oil layer 
height that the Ni-SiC-coated mesh can accommodate. When the oil 
pressure is less than the intrusion pressure, the oil cannot permeate the 
Ni-SiC-coated mesh. The oil intrusion pressure is calculated by Eq. (2): 

P = ρghmax (2) 

where ρ denotes the density of the oil, g represents the acceleration of 
gravity, and hmax is the maximum height in the tube of the oil that the 
mesh can support.

The water permeation flux is determined according to Eq. (3): 

F = V/St (3) 

where V is the volume of permeating water, S denotes the effective 
separation area, and t is the time required for water to completely 
permeate the mesh.

3. Results and discussion

3.1. Surface morphology and chemical composition

The SEM morphologies of the blank mesh and the coatings are shown 
in Fig. 3. The pore size of the blank mesh was approximately 50 μm with 
a smooth and delicate texture (Fig. 3a-c). After electrodeposition, the 
wire surface was densely decorated, and the roughness was enhanced. 
Magnetic field-assisted electrodeposition facilitated the formation of 
hierarchical coral-like clusters through nanoparticle accumulation. The 
average pore size of the mesh decreased to 40 μm (Fig. 3d and e). In 
addition, the cross-sectional morphology of the mesh revealed that a 
nickel film with a nominal thickness of 2.2 μm was deposited onto the 
mesh surface, as shown in Fig. 3f. However, Fig. 3g-i presented that the 

Fig. 2. Experimental setup illustration and processing detail of magnetic field-assisted jet electrodeposition.

Table 2 
Key parameters for magnetic field-assisted jet electrodeposition.

Experimental parameters Content

Applied voltage 10, 20, 30 V
Deposition time 10, 20, 30 min
Gap between electrodes 2 mm
Scanning speed 4 mm/s
Magnetic flux density 50mT
Flow rate 150 L/h
Temperature 40 ± 5 ◦C
pH 4.0 ± 0.5
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mesh surface was relatively flat and only a few nanoparticles were 
adsorbed without applying a magnetic field, suggesting that the coral- 
like micro-nano multiscale morphology was primarily governed by the 
introduction of an external magnetic field during the coating process.

The EDS spectrum of the Ni-SiC composite coating mesh is presented 
in Fig. 4a. Elemental analysis revealed the existence of C and Si on the 
mesh interface, evidencing the successful integration of the SiC phase. 
Elevated carbon concentrations compared to silicon were observed, 
resulting from the spontaneous sequestering of atmospheric hydrocar
bons by the active coating [31]. Element mappings of Ni, C, and Si are 
shown in Fig. 4b. The uniform distribution of these elements across the 
images confirmed that the Ni-SiC composite particles were evenly 
deposited on the mesh surface.

3.2. Analysis of forming process

Fig. 5 illustrates the deposition mechanism of the Ni-SiC composite 

coating. During the initial stage of jet electrodeposition, the high current 
density promotes the rapid formation of a primary nickel film on the 
mesh substrate. Under a steady external magnetic field, both the pre- 
deposited Ni film and the suspended Ni-SiC particles become magne
tized, developing opposing magnetic poles (Fig. 5a). The resulting 
magnetic attraction pulls the Ni-SiC particles toward the mesh surface. 
Guided by the principle of energy minimization, these particles align 
and distribute themselves along the magnetic flux lines (Fig. 5b). 
Simultaneously, Ni ions in the electrolyte are reduced at the interface, 
creating a continuous nickel matrix that embeds and secures the parti
cles within the growing composite layer (Fig. 5c).

The transition from simple deposition to a complex coral-like hier
archical structure is driven by the synergy of magnetic attraction and 
repulsion. As deposition progresses, the Ni-SiC components preferen
tially stack parallel to the magnetic field. This coalescence leads to the 
development of prominent peak-like formations, mirroring the spiked 
topographical "Rosensweig instability" characteristic of ferrofluids 

Fig. 3. Surface and cross-sectional morphology of (a-c) blank mesh; (d-f) Ni-SiC composite coating mesh prepared with a magnetic field; (h-i) Ni-SiC composite 
coating mesh prepared without a magnetic field.

Fig. 4. (a) EDS spectrum and (b) elemental mapping of the Ni-SiC composite coating mesh.
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(Fig. 5c) [32–34]. In addition, upon the application of a magnetic field, 
the Ni-SiC clusters formed via localized stacking became magnetically 
polarized. The same magnetic pole was generated between adjacent 
clusters. Consequently, a magnetic repulsion was induced between the 
adjacent clusters, as shown in Fig. 5d. This magnetic repulsion promotes 
the radial growth of clusters along the mesh surface, resulting in a 
regular coral-like micro-nano hierarchical structure (Fig. 3b).

To understand the regular spacing of these structures, the magnetic 
interaction between clusters must be considered. As Ni-SiC clusters form 
via localized stacking, they become magnetically polarized with iden
tical orientations. This induces a mutual magnetic repulsion between 
adjacent clusters (Fig. 5d). This repulsion prevents the clusters from 
merging into a solid mass, instead forcing them to grow radially and 
maintain a discrete, ordered distribution. The equilibrium between the 
attractive forces (driving height) and repulsive forces (driving spacing) 
ultimately results in the micro-nano hierarchical coral-like structure 
observed in Fig. 3b.

3.3. Surface wettability test

Surface wettability is a critical determinant of the mesh's oil/water 
separation performance [35]. The surface wettability of blank and 
Ni-SiC-coated meshes was tested in air and water environments, as 

shown in Fig. 6. Wettability testing of the stainless-steel mesh demon
strated a hydrophobic surface in air (WCA = 124.2◦) and oleophobic 
behavior underwater (UOCA = 128.7◦), as shown in Fig. 6a. However, 
the coating displayed superhydrophilicity in air, with a WCA of 
approximately 0◦. As shown in Fig. 6b, the oil contact angle shifted to 
159.9◦ once the Ni-SiC-coated mesh was submerged. This transition to 
underwater superoleophobicity results from the combination of the 
inherently hydrophilic SiC material and the high degree of surface 
roughness [21].

When the oil droplet was placed onto the mesh in an aqueous envi
ronment, a composite solid/water/oil interface was formed. The 
behavior of the underwater oil droplet is well-characterized by the 
Cassie-Baxter model [36], and the high UOCA is governed by the 
following equation: 

cosθʹ
UOCA = fcosθUOCA + f − 1 (4) 

where θʹ
UOCA is the underwater oil contact angle on the rough surface, 

and θUOCA is the underwater oil contact angle on the smooth surface. f 
represents the solid area fraction, defined as the ratio of the actual 
contact area of the oil droplet to the total surface area [37]. In this work, 
θUOCA is 128.7◦, θʹ

UOCA is 159.9◦, and f is 0.16 when DCE is used as oil 
sample. It is calculated that approximately 84% of the total contact area 

Fig. 5. Deposition mechanism of composite particles in magnetic field-assisted jet electrodeposition.

Fig. 6. Wettability of (a) blank mesh; (b) Ni-SiC composite coating mesh; (c) optical images of water droplet spreading on the Ni-SiC composite coating mesh; (d) 
underwater oil-adhesion test of the Ni-SiC composite coating mesh.
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consists of the oil/water interface. Therefore, the Ni-SiC-coated mesh 
exhibits underwater superoleophobic properties.

The dynamic wetting process of a water droplet on the Ni-SiC com
posite coating mesh is shown in Fig. 6c. The Ni-SiC-coated mesh dis
played affinities toward water according to the fast pinning and wetting 
behaviors of the impinging water drop on the mesh. Moreover, when an 
oil droplet was compressed against the Ni-SiC composite coating mesh 
surface, it underwent gradual deformation in response to increasing 
pressure. However, the oil droplet easily left the surface and recovered 
its spherical shape without sticking, as shown in Fig. 6d, indicating that 
the coating had an oil-repellent effect. The mesh surface forms a stable 
water film that acts as a physical barrier against oil fouling, thereby 
enhancing its separation performance. This mechanism is crucial for 
both separating oil/water mixtures and protecting the mesh from 
contamination.

3.4. Influence of electrodeposition time and voltage

3.4.1. Surface morphology and wettability of the Ni-SiC-coated mesh
Surface morphology of Ni-SiC-coated meshes prepared by different 

deposition times is presented in Fig. 7. The quantity of coatings 
increased with the increasing electrodeposition time accordingly. All 
mesh surfaces were covered by a nickel film with a thickness of 
approximately 0.92 μm. As shown in Fig. 7a and b, the mesh surface was 
sparsely distributed with a few Ni-SiC particles deposited for 10 min, 
and the height of the clusters on the mesh surface was 7.5 μm. As the 
deposition time increased to 20 min, the coral-like coating became 
noticeably denser, and the height of the clusters was increased to 
approximately 11.9 μm, as shown in Fig. 7d-f. The coating was denser, 
and the height of the clusters was further increased to 13.1 μm when the 
electrodeposition time was 30 min, as shown in Fig. 7g-i. Therefore, it 
can be concluded that a nickel film will rapidly form on the mesh surface 
at the initial stage of electrodeposition, and the density and height of the 
coating will gradually increase with the prolongation of electrodeposi
tion time.

Fig. 8 shows the effect of electrodeposition time on the wettability of 
Ni-SiC-coated meshes. As electrodeposition time increased, the WCA 
and UOCA of the Ni-SiC-coated meshes gradually decreased and 
increased, respectively. At an electrodeposition time of 30 min, the Ni- 
SiC-coated mesh exhibited the WCA of 0◦ and the UOCA of 151.3◦. 
These results demonstrate that the enhanced surface coverage associ
ated with longer deposition times is critical for achieving super
hydrophilicity and underwater superoleophobicity.

3.4.2. Effect of electrodeposition voltage on morphology and wettability
The morphology of the Ni-SiC-coated meshes at different applied 

voltages is presented in Fig. 9. When the electrodeposition voltage 
increased, the thickness of the nickel film on the mesh surface and the 
height of the coating clusters increased accordingly. Notably, by 

Fig. 7. Surface and cross-sectional morphology of the Ni-SiC-coated mesh for (a) 10 min, (b) 20 min, and (c) 30 min at 10 V.

Fig. 8. The WCA and UOCA of the Ni-SiC-coated meshes electrodeposited at 
10 V for 10, 20, and 30 min.
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increasing the voltage to 30 V, the height of the coating was significantly 
increased, leading to the formation of several larger clusters on the mesh 
surface, as presented in Fig. 9g. This behavior is consistent with Fara
day's first law of electrolysis and can be attributed to the tip effect during 
the deposition process [38]. The high current density accelerated the 
deposition process, leading to the preferential reduction of metal ions at 
surface protrusions. This localized growth, driven by the tip effect, 
resulted in a distinct nodular morphology in the coating.

The effect of deposition voltage on the coating wettability is shown 
in Fig. 10. As with the electrodeposition time, the hydrophilicity and 
underwater oleophobicity were enhanced with increasing electrodepo
sition voltage. When the electrodeposition voltage increased to 30 V, the 
WCA and the UOCA declined to 0◦ and increased to 152.2◦, respectively, 
indicating that the surface wetting behavior was governed by the 

specific morphological features of the coating.

3.5. Oil/water separation test

As shown in Fig. 11a, the functionalized mesh was sandwiched be
tween a pair of glass tubes to create the separation apparatus. The 
separation sequence is illustrated in Fig. 11b and c. Once the mesh was 
pre-wetted with water, a kerosene/water mixture was introduced into 
the upper tube. Due to the superhydrophilicity of the mesh, water 
quickly permeated through the surface and into the underlying beaker. 
Conversely, the underwater superoleophobicity caused the oil to be 
retained above the mesh, effectively preventing its passage.

The mechanism of the oil/water separation is governed by the syn
ergistic superhydrophilicity and underwater superoleophobicity of the 
Ni-SiC-coated mesh. To further elucidate this mechanism, the capillary 
models depicted in Fig. 11e and f were employed. Each pore within the 
mesh serves as a channel for liquid penetration and can be modeled as a 
capillary tube. Consequently, the theoretical intrusion pressure (ΔP) for 
water and oil traversing the mesh can be determined using the following 
equations [39–41]: 

ΔP = 2γ/R = − γLcosθ/A = − 4γcosθ/l (5) 

where γ represents the surface tension of liquid, R is the radius of cur
vature, and θ denotes the contact angle. Regarding the mesh geometry, L 
is the mesh perimeter, A represents the mesh surface area, and l donates 
the side length of the mesh opening (modeled as a square).

Fig. 11e shows that the superhydrophilicity of the mesh (θ < 90◦, 
ΔP < 0) allows water to permeate the hierarchical structures sponta
neously under the influence of gravity. This process establishes a stable 
water film that repels nonpolar oil due to its high polarity, achieving 
underwater superoleophobicity [18,42]. As a result, the oil contact 
angle exceeds 90◦ and ΔP becomes positive, as shown in Fig. 11f. This 
allows the mesh to support the oil phase under pressure, ensuring 
effective oil/water separation.

Water flux and oil intrusion pressure are two important properties of 

Fig. 9. Surface and cross-sectional morphology of the Ni-SiC-coated mesh at (a) 10 V, (b) 20 V, and (c) 30 V for 10 min.

Fig. 10. The WCA and UOCA of the Ni-SiC-coated meshes electrodeposited at 
10, 20, and 30 V for 10 min.
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superhydrophilic meshes [43]. Fig. 12 illustrates the influence of mesh 
size on the water flux and the kerosene intrusion pressure. The corre
sponding permeate flux and oil intrusion pressure for the Ni-SiC-coated 
meshes were determined in accordance with Eqs. (2) and (3). All 
Ni-SiC-coated meshes are deposited using a 20 V voltage for 30 min. To 
determine the maximum hydrostatic height, kerosene was poured into a 
tube sealed with the Ni-SiC-coated mesh at its base. The breakthrough 
oil column height significantly increased from 64 mm to over 291 mm as 

the mesh count was raised from 100 to 500, demonstrating enhanced 
intrusion resistance at smaller pore sizes, as shown in Fig. 12a. Corre
spondingly, the oil intrusion pressure increased from 0.5 kPa to more 
than 2.28 kPa.

The time required for 120 mL of water to fully permeate the mesh 
was measured. Results indicated that the water flux decreased from 
6.6 × 105 to 1.1 × 105 L • m− 2 • h− 1as the mesh number increased, 
which was shown in Fig. 12b. The trend was consistent with Eq. (5). 

Fig. 11. (a-d) Oil/water separation test setup and testing process using the prepared mesh. Schematic illustration of the gravity-driven oil/water separation 
mechanism mediated by the superhydrophilic mesh: (e) superhydrophilicity in the air with ΔP < 0; (f) underwater superoleophobicity with ΔP > 0.

Fig. 12. Oil intrusion pressure and water flux testing of superhydrophilic meshes. (a) Oil column height, (b) intrusion pressure, and flux for different mesh numbers.
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During the oil/water separation process, a higher mesh count (smaller 
pore size) resulted in increased oil intrusion pressure, thereby effectively 
preventing oil breakthrough. Conversely, the reduced pore dimensions 
also restricted the water permeation rate, leading to a decrease in the 
overall water flux. During oil/water separation, the prevention of oil 
leakage and the quick recovery of water are important. Therefore, a 300- 
mesh Ni-SiC-coated mesh was selected as the preferred sample for the 
subsequent separation test.

The separation ability of the Ni-SiC-coated mesh was investigated 
using a series of oils (hexane, kerosene, silicone oil, liquid paraffin, and 
DCE). As shown in Fig. 13a, the mesh achieved separation efficiencies 
above 95% for all mixtures, indicating its potential for broad practical 
use in oily wastewater treatment. While visible oil was absent in the 
permeate, a more rigorous analytical method was required to quantify 
the separation purity. Consequently, the total organic carbon concen
tration in the collected water was measured to evaluate the residual oil 
content and overall separation efficiency. The oil content in the 
collected water was all less than 16.5 mg/L, as shown in Fig. 13a. 
Furthermore, the reusability and cyclic stability of the Ni-SiC-coated 
mesh were evaluated. Following each separation cycle, the mesh was 
rinsed with deionized water to regenerate its surface. As demonstrated 
in Fig. 13b, the separation efficiency remained consistently above 95% 
even after 50 cycles, confirming the outstanding durability and practical 
recycling potential of the coating.

3.6. Material stability

The durability of oil/water separation meshes is critical for practical 
deployment. Thus, the chemical stability of the Ni-SiC-coated mesh was 
evaluated across acidic, alkaline, and saline environments. Following 
immersion in 1 M HCl, 1 M NaOH, and saturated NaCl solutions for 
varying soak times, the UOCA consistently remained above 150◦ with 
only minor fluctuations, as shown in Fig. 14a, demonstrating excellent 
corrosion resistance. The separation performance of the Ni-SiC-coated 
mesh after 2 h of immersion in various corrosive solutions is illus
trated in Fig. 14b. As mentioned above, the hydrophilic SiC material 
exhibited stable chemical properties [28], which endowed the prepared 
superhydrophilic mesh with stability in corrosive environments. When 
the oil/solution mixture contacted the mesh pre-wetted with water, the 
solution rapidly fused with the water to form a stable solution layer to 
block the intrusion of oil, as shown in Fig. 14c. These results collectively 
demonstrate that the Ni-SiC-coated mesh possesses exceptional corro
sion resistance and underwater superoleophobicity in acidic, alkaline, 

and hypersaline environments. Such chemical robustness highlights the 
practical potential of this superhydrophilic mesh for treating complex 
oily wastewater under harsh conditions.

In addition, oil/water separation meshes are inevitably subjected to 
water erosion in practical applications. Therefore, their mechanical 
stability under dynamic hydraulic conditions is a key indicator for 
evaluating their actual service performance. To evaluate the mechanical 
stability of the Ni-SiC-coated mesh in a flowing water environment, a 
water erosion test was designed, with an erosion flow rate of 360 L/h. 
Fig. 15a shows the changes in the UOCA of the mesh surface after 
different erosion times. The results showed that the UOCA of the Ni-SiC- 
coated mesh remained above 155◦ at all erosion time points, indicating 
that it maintained excellent superoleophobic properties and structural 
robustness under continuous water flow impact. Further, Fig. 15b shows 
the separation efficiency of the Ni-SiC-coated mesh for the kerosene 
after water erosion for different times. The results showed that even 
after 10 h of continuous water erosion, the Ni-SiC-coated mesh still 
achieved a kerosene separation efficiency of over 95%, which was 
similar to its initial separation efficiency. This indicates that the coated 
membrane has good mechanical stability and separation performance 
retention under water erosion.

It was reported that hydrophilic materials are highly susceptible to 
fouling by airborne organic contaminants. During long-term storage in 
air, the surface wettability gradually transitions from its initial hydro
philicity to hydrophobicity, and eventually to superhydrophobicity. This 
unfavorable shift significantly impairs permeate flux and overall sepa
ration performance [44–46]. Thus, the environmental durability of the 
Ni-SiC-coated mesh was studied. The Ni-SiC-coated mesh still exhibited 
excellent superhydrophilicity and underwater superoleophobicity after 
being stored under ambient conditions for three months, demonstrating 
the excellent stability of the Ni-SiC-coated mesh for long-term storage. 
With its sustained low oil-adhesion and environmental robustness, the 
Ni-SiC-coated mesh is a highly promising candidate for industrial-scale 
oil/water separation under challenging conditions.

4. Conclusion

A Ni-SiC composited coating stainless-steel mesh was prepared via 
efficient magnetic-field-assisted jet electrodeposition. Under the influ
ence of an external magnetic field, the coating developed a coral-like 
micro/nano-hierarchical structure, significantly increasing the surface 
roughness. The Ni-SiC-coated mesh exhibited outstanding super
hydrophilicity and underwater superoleophobicity. The influence of 

Fig. 13. (a) Oil/water separation efficiency of the Ni-SiC-coated mesh and oil content in collected water; (b) The separation efficiency of the prepared mesh after 
multiple cycles of separation (using kerosene as an example).
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deposition time and applied voltage on the surface morphology and 
wettability of the mesh was investigated. Appropriate process parame
ters were selected to prepare samples for oil/water separation. The re
sults showed that the Ni-SiC-coated mesh exhibited excellent oil/water 
separation performance and could achieve high-purity separation more 
than 50 times for various oil/water mixtures. Besides, the material sta
bility test results showed that the Ni-SiC-coated mesh could maintain 

stable oil/water separation performance in acid, alkali, and salt envi
ronments. Furthermore, following three months of exposure to ambient 
air, the Ni-SiC-coated mesh still exhibited excellent superhydrophilicity 
and underwater superoleophobicity. Thus, the developed Ni-SiC-coated 
mesh represents a promising candidate for the remediation of complex 
industrial oily wastewater and the mitigation of large-scale oil spills. The 
Ni-SiC-coated mesh can maintain underwater superhydrophobicity and 

Fig. 14. Stability in different corrosive solutions. (a) UOCA after immersion in corrosive solutions for different times, (b) the oil/solution separation efficiencies after 
immersion in corrosive solutions, and (c) the mechanism of the oil/solution separation process.

Fig. 15. Stability after water erosion. (a) UOCA after water erosion for different times, (b) separation efficiency after water erosion for different times (using 
kerosene as an example).
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achieve a separation efficiency of over 95% after erosion with a water 
flow rate of 360 L/h for 10 h.
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