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A B S T R A C T   

Special wetting materials have been used for the oil and water separation due to their different interfacial 
attraction of oil and water. Herein, we successfully fabricated superhydrophobic coatings on stainless steel (SS) 
mesh by depositing successive layers of polystyrene (PS) and octadecyltrichlorosilane (OTS) through the dip- 
coating method. The as-prepared coating showed a water contact angle (WCA) of 157.5 ± 2◦, a rolling angle 
of 6 ± 2◦ and an oil contact angle (OCA) of around 0◦. The surface microstructure analysis of the coating 
revealed a regular pattern of microscale bumps with nanoscale folds on it, both of which improve the overall 
superhydrophobicity of the surface. The capacity of coatings to separate oil and water was examined by 
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employing a variety of mixtures of oil and water, including petrol, diesel, kerosene, vegetable oil, and coconut 
oil. In case of low viscosity oil, the coated mesh demonstrated separation effectiveness of more than 97% and on 
the other hand, high viscosity oil demonstrated just 89% efficiency. Low viscosity oils showed a greater 
permeation flux through the mesh than extremely viscous oil. The mechanical strength of the coating was 
examined using bending, twisting, adhesive tape testing, sandpaper abrasion tests, and the findings indicated 
that coated mesh had exceptional mechanical resilience. In addition, the developed superhydrophobic mesh 
demonstrated excellent thermal stability and self-cleaning properties. Therefore, this superhydrophobic/super-
oleophilic mesh has a significant deal of application potential in practical.   

1. Introduction 

Oil spills and industrial effluents inflict significant harm to the eco-
systems of the seas, human health, and the surrounding environment [1, 
2]. The safe and responsible disposal of wastewater containing oil has 
been shown to be a challenging problem on a global scale. Many ap-
proaches have been used for the treatment of oil-water pollution, 
including oil skimmers, filtration, oil-absorbing materials, magnetic 
separations, centrifugal machine, flotation technologies, and combus-
tion [3–5]. Traditional methods have various drawbacks, including 
limited separation efficiency, time consumption, cost-effectiveness, and 
the generation of secondary pollutants [6–8]. Therefore, cutting-edge 
technologies are an absolute necessity for the disposal of oily waste-
water and the protection of the environment. Many efforts have been 
reported in the fabrication of separation membranes with controlled 
surface wetting property [9,10]. The utilization of bio-inspired super-
hydrophobic materials in oil-water separation processes is a popular 
area of study due to its high water repellency and ability to allow oil to 
enter in it [4,11,12]. Therefore, superhydrophobic materials have been 
added to commercially available cotton textiles, 3D porous materials, 
different polymer membranes, filter papers, and metal meshes for 
considerable oil-water separation [13,14]. Chemical etching [15,16], 
spray deposition [17,18], dip coating [19], hydrothermal method [20], 
sol-gel processing [21,22], chemical vapor deposition [23], electro-
spinning [24,25], and layer by layer [26] methods have been used for 
modification of porous surfaces. Among these, dip-coating is a quick and 
effective method of producing bulky, intricately formed products [27]. 
Metal meshes have sparked a lot of attention since they are long-lasting, 
reusable, and may be used in industry [2,23]. Porous materials can 
absorb or filter liquids, and when their surface structure is adjusted with 
a specific wettability material, they can help separate oil or water from 
oil-water mixtures [28,29]. Numerous types of porous metal meshes, 
including those constructed of nickel, copper, and stainless steel (SS), 
among other materials were used for oil-water separation [30–33]. 
Among them, SS meshes have found widespread use for oil-water sep-
aration owing to their high electrical and electrothermal capabilities as 
well as their superior resistance to thermal shock [33]. 

OTS has been used to tune the surface wettability of porous sub-
strates so that oil and water can be effectively separated. The OTS has 
low surface energy, hence it improves the hydrophobicity of the rough 
surface and also shows high oil absorption capacity [35,36]. Li et al. 
[34] recently made superhydrophobic SS mesh by spraying it with a 
mixture of OTS-modified SiO2 nanoparticles and waterborne PU. This 
superhydrophobic mesh was able to separate a mixture of kerosene and 
water at a rate of 98.3%. Latthe et al. [27] created a superhydrophobic 
surface by varying the concentration of OTS in PS solution and the 
number of dipping cycles. At first, they prepared a homogenous solution 
containing PS and OTS using tetrahydrofuran (THF) as a solvent. The 
pre-cleaned glass substrate was dip-coated (4 times) on the homogenous 
solution and air-dried to get a superhydrophobic surface with a contact 
angle of 154 ± 2◦. Ke et al. [37] have built a superhydrophobic and 
superoleophilic sponge by immersing it in OTS solution. This kind of 
sponge has shown an absorption capacity of 42–68 times more than the 
mass of the sponge for toluene, light oil, and methyl silicone oil. Even 
after being put through 50 separation cycles, this adsorption capacity 

remained the same. Liang et al. [38] modified a polyurethane sponge by 
immersing in an OTS solution for oil-water separation. Cheng et al. [24] 
used coaxial electrospinning with PVDF solution as a lumen solution and 
reactive silicon-containing monomers as the outer solution to generate 
superhydrophobic nanofiber membranes with hierarchical micro 
nano-scale morphology. The outstanding separation efficiency of 99.6% 
is achieved with the as-prepared asymmetric composite membrane, 
which has an extremely rapid permeation flux. They show a 
water-in-n-octane permeation flux of 17331 L/(m2h) and retain 88% of 
their original permeance after 20 cycles of operation [24]. Rasouli et al. 
[13] briefly reviewed the various aspects of fabrication of super-
hydrophobic/superoleophilic membranes having mesh, films, and 
porous substrates for efficient oil-water separation applications. In order 
to modify the surface energy of superhydrophobic/superoleophilic 
membranes, it is usual practice to use low surface energy chemicals such 
as fatty acids, thiols, silanes, polymers based on polyethylene, and car-
bon nanotubes [13]. These membranes have > 99% oil separation effi-
ciency in oil-water combinations. 

In this research work, a layer of PS was first applied on SS mesh using 
a dip coating process, followed by an OTS dip layer to achieve super-
hydrophobicity. The dip coating cycles were consequently carried out by 
dip and dry in both PS in THF and OTS in hexane. The surface structure 
of a red rose petal was obtained on SS mesh. SEM and EDS were used to 
describe the surface morphology and chemical composition, respec-
tively. The gravity-driven oil-water separation technique was used to 
determine the oil-water separation efficiency and permeation flux using 
a custom-made setup. The mechanical durability of superhydrophobic 
mesh was evaluated using adhesive tape tests, sandpaper abrasion tests, 
bending, twisting, and folding tests. We have achieved the contact an-
gles of 157.5 ± 2◦ for OPS-2 as well as 154 ± 2◦ for OPS-3 in super-
hydrophobic range and a comparable contact angle of 148.5 ± 2◦ for 
OPS-1. The stable and robust self-cleaning coating was produced by this 
method as compared with the reported methods. 

2. Experimental section 

2.1. Materials 

Polystyrene (PS) having average molecular weight ~ 280,000 and 
octadecyltrichlorosilane (OTS) were obtained from Sigma Aldrich, St. 
Louis, MO, USA. Tetrahydrofuran (THF) and hexane were purchased 
from Spectrochem, Mumbai, India. Stainless steel (SS) mesh with pore 
sizes of about 50 µm was obtained from Shanghai Titan Technology Co. 
Ltd. China. The petrol, diesel, kerosene (from Bharat Petroleum Cor-
poration Limited, India), vegetable oil (from Garud, India), and coconut 
oil (from Parachute Advanced, India) were purchased. 

2.2. Preparation of superhydrophobic mesh 

In the beginning, 0.4 g of PS was dissolved into 16 mL of THF under 
vigorous stirring. Simultaneously, a 0.8 mL OTS was diluted in 16 mL 
hexane by stirring for 30 mins in a separate beaker. Prior to use, SS mesh 
was cut into squares of 2 cm × 2 cm and then ultrasonically cleaned in 
ethanol and purified water. At first, the cleaned mesh was submerged in 
PS solution for 1 min, after which it was pulled out at a speed of around 
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100 mm s− 1. The PS-coated mesh was first allowed to dry at room 
temperature, then dipped for 1 min in a beaker that had a solution of 
OTS in hexane, after which it was taken out, and finally allowed to dry at 
room temperature. An alternate PS and OTS coatings were applied back- 
to-back ten times. Finally, all solvents were evaporated during the 
course of a 1 h drying period at 100 ◦C. As a result, the amount of OTS 
used in this coating procedure was changed from 1.6 to 2.4 mL. OPS-1, 
OPS-2, and OPS-3 signify 0.8, 1.6, and 2.4 mL of OTS coated SS mesh, 
respectively. Fig. 1 depicts the creation of a superhydrophobic mesh. 

2.3. Characterizations 

The surface morphology of the produced coatings was investigated 
using Scanning Electron Microscopy (SEM, JEOL, JSM-7610 F, Tokyo, 
Japan). Chemical examination of the coating was carried out using 
Energy Dispersive Spectroscopy (EDS, Hitachi, Ltd., Tokyo, Japan) in 
order to determine the elemental percentage of the coating. Fourier- 
transform infrared spectroscopy (FTIR, Magna-IR 560, Nicolet) was 
used to analyse the chemical composition of the samples. Contact Angle 
Meter (HO-IAD-CAM-01, Holmarc Opto-Mechatronics Pvt. Ltd., Kochi, 
India) was used to measure the water/oil contact angle and slide angle of 
prepared coatings. Using a micro-syringe of the contact angle meter 

~10 µL sized water droplet was placed on the coated mesh. The value of 
water contact angles and sliding angles were measured at five different 
places of coated mesh and reported an average value of them. The ca-
pacity of superhydrophobic mesh to separate oil from water was tested 
using a custom-made oil-water separation apparatus. In the middle of 
the bottle cap, a hole with a diameter of 2 cm was drilled using a drill 
and the superhydrophobic OPS-2 mesh was then bonded inside the 
bottle cap over the circular hole using glue. The bottom of the bottle was 
cut off and then clamped at an angle that was roughly 45◦. In a typical 
experiment, the oil-water combination was made by adding 10 mL of 
water into 10 mL of oil. The different type of oils including petrol, diesel, 
kerosene, coconut and vegetable oil were used to produce oil-water 
mixture. Mechanical durability of superhydrophobic mesh was evalu-
ated using bending, twisting, adhesive tape testing, and sandpaper 
abrasion. In order to execute the adhesive tape peeling test, tape with a 
4 N/m adhesive strength was affixed on superhydrophobic OPS-2 mesh 
and eventually peeled off. In order to determine the level of mechanical 
strength possessed by superhydrophobic mesh, OPS-2 mesh was laid out 
on sandpaper (grit no. 320), a metal disc weighing 100 g was put on top 
of the mesh, and the mesh was pulled for 5 cm to complete one abrasion 
cycle. The thermal stability of the produced superhydrophobic OPS-2 
mesh was evaluated by heating it for 1 h in a hot air oven at 150 ◦C 

Fig. 1. Schematic of preparation of superhydrophobic SS mesh.  

Fig. 2. SEM images of OPS-1, OPS-2, and OPS-3 mesh at (a-c) low and (d-f) high magnifications, respectively.  
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and 200 ◦C. The self-cleaning ability of superhydrophobic OPS-2 mesh 
was investigated by the muddy water, fine particles of ash and wood 
charcoal as dust containments. The muddy water was produced by 
combining 5 g of tiny dirt particles with 20 mL of the water and then 
dumping the mixture onto an angled superhydrophobic mesh. The 
dispersion of ash in water was prepared by adding 5 g of ash in the 
20 mL of water and mixed well by glass rod. The superhydrophobic OPS- 
2 mesh was immersed into it. The fine particles of wood charcoal 
dispersed on inclined superhydrophobic OPS-2 mesh and water jet 
dropped on it. 

3. Results and discussion 

3.1. Surface morphology and chemical composition 

Fig. 2(a-f) depicts the surface morphology of meshes after being 
treated with varying doses of OTS. At low OTS concentrations, ten 
successive coating layers of PS and OTS create a rougher surface with 
nanoscale folds, as seen in Fig. 2(a). The enlarged view shows that there 
is a regular micro and nanoscale rough texture, which is essential for 
improving hydrophobicity and can be observed in Fig. 2(d). Surpris-
ingly, regular shaped bumps emerged after raising the OTS concentra-
tion by twofold, as illustrated in Fig. 2(b). These regular-shaped bumps 
seem to be a regular arrangement of micropapillae on a red rose petal. 
Fig. 2(e) illustrates how each bump has a few nanoscale folds on its top 
surface. As a consequence of these microscaled bumps and nanoscaled 
folds on top of bumps, the superhydrophobicity of the surface might 
have increased. As the concentration of OTS was raised three times, 

larger bumps developed, which were broken following heat treatment 
due to solvent evaporation (see Fig. 2c). The greater the size of the 
bumps, the more they affect the surface’s roughness and wettability 
(Fig. 2f). The difference in the surface structure may be due to the for-
mation of an aggregate particles by the deposition PS particles on SS 
mesh. This can produce a hierarchical rough surface morphology which 

Fig. 3. EDS mapping images of OPS-1 (a1-a3), OPS-2 (b1-b3) and OPS-3 (c1-c3) mesh.  

Fig. 4. FTIR spectra of prepared OPS-1, OPS-2 and OPS-3 mesh.  
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further attracted together by following OTS coating on the surface. OTS 
can form a thin hydrophobic layer on the surface of PS particles. The 
subsequent hydrolysis and condensation of OTS plays an important role 
in the surface morphology. The formation nanosheets after hydrolysis 
and condensation of OTS was reported earlier [27,39]. The formation of 
Si-O-Si bonds were also confirmed from FT-IR studies which supports 
the hydrolysis and condensation of OTS (Fig. 4). The SS mesh substrate 
can produce a rough surface morphology by applying consecutive 
dip-coating cycles for 10 times. The surface morphology can further 
produce a layered structure by increasing the coating cycles. The SEM 
images clearly depicts that, based on the dip coating cycles, the surface 
morphology can be tuned from regular micro and nanoscale rough 
texture to layered larger bumps due to formation of more curvy OTS 
nanosheets on the PS coated mesh. 

EDS spectra was used for chemical investigation of the coating. In the 
EDS spectra three elements are detected such as carbon (C), oxygen (O), 
and silicon (Si) as shown in Fig.S1. The mass and atomic percentages of 
the elements C, O, and Si that were present in the coating are detailed in  
Table 1. A higher proportion of C was produced as a result of the pres-
ence of polystyrene as well as the alkyl chain in OTS. The Si is attributed 
to OTS. The presence of C and Si implies that the coating material covers 
the mesh surface consistently. Fig. 3 illustrate that the elemental map-
ping images of coatings. The uniform distribution of Si, C, and O element 
at coating surface were seen in the elemental mapping images of OPS-1, 
OPS-2 and OPS-3 coating, implying the PS and OTS layers homoge-
neously deposited on mesh. 

To confirm the bonding between PS and OTS on coating surface the 

FTIR analysis was carried out. As shown in Fig. 4, the FTIR spectra of 
OPS-1, OPS-2 and OPS-3 coated mesh has the strong two peaks at 
2922 cm− 1 and 2852 cm− 1 are attributed to C–H asymmetric stretching 
vibrations and symmetric stretching vibrations, respectively indicating 
that presence of alkyl group of OTS chain. The peaks at 1051 cm− 1 and 
796 cm− 1 are indicating that existence of Si-O-Si asymmetric and sym-
metric starching vibration, respectively. The existence of Si, C and O 
along with C-H and Si-O-Si bonding concludes that the PS and OTS made 
strong bonding in between and uniformly presence on the coating 
surface. 

3.2. Wettability of coated mesh 

Water and oil contact angle measurements were used to assess the 
wetting behaviour of coated meshes. The coated mesh demonstrated 
simultaneously superhydrophobic and superoleophilic and qualities as a 
result of its dual scale roughness in addition to its low surface energy 
OTS. The oil-water separation application of mesh requires both the 
superhydrophobic and the superoleophilic characteristics in order to be 
successful [40]. The relationship between surface roughness factor and 
surface wettability can be explained by Cassie-Baxter equation is written 
out as following form:  

Cos θ* = f1 (Cos θ + 1) – 1                                                             (1) 

where, θ * and θ are the apparent contact angle of a water droplet on a 
rough surface and a perfectly flat surface, respectively. f1 is the fraction 
of solid substrate that comes into contact with the liquid. In this study, 
the WCA of uncoated mesh (θ) and superhydrophobic OPS-2 mesh (θ * ) 
were 84◦ and 157.5◦, respectively. The WCA’s were measured imme-
diately after placing water drops on uncoated and superhydrophobic 
OPS-2 mesh. Using the above equation, the calculated value of f1 is 
0.06890. This implying that only 6.89% of the surface area was in direct 
contact with the water and 93.11% of the rough surface area was 
covered with the air. In the presence of a low concentration of OTS, the 
ten successive depositions of layer of PS and OTS revealed a WCA of 
148.5 ± 2◦ (OPS-1). The WCA reached its maximum value of 157.5 ± 2◦

Table 1 
Elemental ratio of C, O, and Si occurred in the prepared superhydrophobic 
coating.  

Sample Si -K C-K O-K 

Mass% Atom% Mass% Atom% Mass% Atom% 

OPS-1  2.28  1.29  5.97  7.87  91.75  90.84 
OPS-2  6.43  3.65  9.48  12.58  84.09  83.77 
OPS-3  16.35  9.65  10.68  14.74  72.97  75.61  

Fig. 5. (a) Colour water drops on OPS-2 mesh, (b) water and oil drop on OPS-2 mesh, (b1 and b2) digital image of water and oil on OPS-2 mesh, respectively, and (c) 
water jet impact test on OPS-2 mesh. 
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with sliding angle of 6 ± 2◦ (OPS-2) as the concentration of OTS rose in 
successive layered depositions of PS and OTS. The top of the surface has 
microscale bumps and nanoscale folds, which combine to generate hi-
erarchical dual scale roughness. This dual scale roughness allows an air 
layer to get trapped, which in turn increases water repulsion. The col-
ourful water droplets on the superhydrophobic OPS-2 mesh were visible 
in Fig. 5(a). When the concentration of OTS was increased later, the size 
of the bumps became larger, and the bumps fragmented after heat 
treatment. The broken bumps had an effect on the surface structure, and 
as a result, the WCA was reduced to 154 ± 2◦ (OPS-3). The OCA was also 
measured for the prepared coatings, and almost all of them revealed 

roughly 0◦ of OCA. A ball-like form was achieved by the drop of water, 
but the drop of oil entirely soaked up moisture from the OPS-2 mesh 
surface (Fig. 5b). The digital picture graphs of a water drop and an oil 
drop on OPS-2 mesh are presented in Fig. 5 (b1) and (b2), respectively. 
The effect of a water jet impact on OPS-2 mesh was used to test the 
wetting stability of the coating (Fig. 5c). The water jet was generated by 
a syringe with a capacity of 10 mL, and it constantly struck a pre-
determined location on the coating. The hit jet moved in the opposite 
direction from the place of impact once it had been disrupted. The 
coating passed the water jet impact test, which proves that it can 
withstand being repeatedly impacted by water. As a result, a 

Fig. 6. The few screen snaps of oil-water separation process by OPS-2 mesh (a) petrol, (b) diesel, (c) kerosene, (d) vegetable and (e) coconut oil.  
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superhydrophobic mesh that is capable of separating oil and water 
combination in flowing mode was created. 

3.3. Oil-water separation 

The oil-water separation experiment was carried out by using a setup 
that was specifically constructed for oil-water separation. Fig. 6(a-e) 
depicts the experimental setup for the oil-water separation process, 
along with screen shots of the oil-water separation process. The use of 
gravity alone was sufficient to distinguish oil from water in a combi-
nation of oil and water, which suggests that oil and water may be 
separated with very little effort [41]. Before using superhydrophobic 
mesh for oil-water separation, one must examine the permeation flux 
and separation efficiency [42]. The oil flow was calculated by dividing 
the total volume of permeated oil (V) by the product of the effective area 
of the mesh (S) and time (T) necessary for oil permeation [43]. At at-
mospheric pressure and room temperature, the permeation flux of 
different kinds of oil-water mixtures was worked out. The viscosity of 
the oil has an effect on the permeation flux; low viscous oil, such as 
petrol, has demonstrated a permeation flux of 1689.189 L/(m2h), while 
high viscous oil, such as vegetable oil, has a permeation flux of 
177.16 L/(m2h). Fig. 7(a) shows the value of permeation flux for 

different viscosity of oil-water mixtures. 
The separation efficiency (η) was estimated by comparing the vol-

ume of oil after (m) and before the separation of mixture [28]. The 
effectiveness of the separation efficiency for the different oil-water 
mixtures is shown in Fig. 7(b). The low viscosity oils penetrated 
rapidly through the mesh’s porous structure and displayed separation 
efficiency greater than 97%. Over the course of more than 20 separation 
cycles, the superhydrophobic mesh maintained its effectiveness in the 
separation of these oils. Because of oil partly caught in the mesh, the 
separation efficiency of very viscous oils was less than 89%. As a result, 
the superhydrophobic mesh exhibited 8 separation cycles for high vis-
cosity oil. Table 2 illustrates the comparison between present work and 
previous reported literature related to super-
hydrophobic/superoleophilic metal mesh. 

3.4. Mechanical durability tests 

In order to take an industrial approach, it is necessary to investigate 
the mechanical strength of superhydrophobic mesh. Recent research 
conducted by Varshney et al. [52] and Luo et al. [53] investigated the 
mechanical endurance of superhydrophobic mesh by bending, twisting, 
testing with adhesive tape, and abrasion testing with sandpaper. The 

Fig. 7. (a) Permeation flux and (b) separation efficiency of OPS-2 mesh for different kind of oil-water mixture.  

Table 2 
Comparision between present work and previous reported literature.  

Materials Substrate Separation efficiency 
(%) 

Permeation 
Flux 
L/ (m2h) 

Ref. 

NaOH/APS - PDMS Copper 
mesh  

98.89 11 [31] 

APT nanorods and OTMS SS mesh  99.4 106.7 [41] 
Perfluorooctyltriethoxysilane SS mesh  99.5 70 [44] 
Dopamine hydrochloride, n-dodecyl mercaptan, and Tris(hydroxymethyl) aminomethane hydrochloride Copper 

mesh  
90 4507 [45] 

Choline chloride, ethylene glycol, stearic acid Copper 
mesh  

99.82 1725 [46] 

1-(chloromethyl)− 4-ethenyl-benzene, 
N, N-dimethyl dodecylamine, SiO2 nanoparticles 

SS mesh  99.8 15.65 [47] 

Sodium sulfate anhydrous and copper chloride Copper 
Mesh  

90 4378 [48] 

Hydrophobic SiO2 nanoparticles and thermoplastic acrylic. SS mesh  99.5 – [49] 
Sodium hydroxide and copper (II) chloride dehydrate SS mesh  99.0 – [50] 
Lignin-coated cellulose nanocrystal, Polydimethylsiloxanes Poly-vinylidene fluoride and 

1 H,1 H,2 H,2 H-perfluorooctyltrichlorosilane 
SS mesh  94.5 – [51] 

PS/OTS SS mesh  97 1689.189 Present 
work  
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degradation of WCA after mechanical durability testing was thoroughly 
investigated in this paper. It was discovered, after subjecting a super-
hydrophobic mesh to a variety of bending and twisting motions, that the 
superhydrophobicity of the mesh remained unchanged. The photo-
graphs of the superhydrophobic mesh being bent and twisted are shown 
in Fig. 8(a) and (b), respectively. For the purpose of the adhesive tape 
peeling test, tape was placed on superhydrophobic mesh (OPS-2) and 
then peeled off gradually (see inset of Fig. 8e). Immediately, the WCA 
was measured using a contact angle meter on the portion of the mesh 
that had been impacted by the tape. This tape peeling test was done 
multiple times until the superhydrophobicity subsided. The degradation 
of as a result of several tape peeling tests is seen in Fig. 8(e). During 20 
cycles of adhesive tape testing, the superhydrophobicity of mesh was 
sustained with a WCA of 153.5 ± 2◦ and SA of 8 ± 2◦. As the number of 
tape peeling cycles continued to increase, the water drop that was stuck 
to the mesh may have been detached from the hydrophobic substance, 
resulting in the disappearance of the surface structure of the coating. 
The WCA reached to 131.5 ± 2◦ after 50 rounds of the tape peeling test. 

The sandpaper abrasion process is shown schematically in the inset 
of Fig. 8(f). One cycle of sandpaper abrasion test is defined as 5 cm 
dragging of mesh on sandpaper, and WCA was measured at the affected 

region of mesh after each cycle. The reduction in WCA value as a 
function of sandpaper abrasion cycles is seen in Fig. 8(f). Even after 20 
cycles of sandpaper abrasion tests, the mesh still exhibited super-
hydrophobic characteristics with WCA of 150.5 ± 2◦ and SA of 7.5 ± 2◦, 
indicating that the superhydrophobic material was effectively attached 
to the mesh. The mesh lost its superhydrophobic ability as the sandpaper 
abrasion cycles increased, confirming that the hierarchical structure of 
the coated surface vanished. The mesh WCA was lowered to 139◦ after 
40 abrasion cycles. 

The WCA was evaluated after heating the mesh to assess its wetting 
behaviour. The WCA dropped with temperature, reaching 133.5 ± 2 ◦

when the heating temperature was raised to 200 ◦C. The mesh exhibited 
a WCA of 152 ± 2◦ at 150 ◦C heating, and the water drops on heated 
OPS-2 mesh are shown in Fig. 8(d). The thermal stability of the mesh 
was tested by dumping hot water at 97 ± 2 ◦C. As seen in Fig. 8(c), the 
hot water droplets had a spherical form on mesh. As a consequence, the 
produced coated mesh retains its superhydrophobic feature and sepa-
rates hot water and oil combination. 

Fig. 8. Photographs of (a) folding, (b) twisting of OPS-2 mesh, (c) hot water drops on OPS-2 mesh, (d) photograph of OPS-2 mesh after heating, (e) variation of WCA 
with adhesive tape peeling cycles and in inset experiment setup of adhesive tape test, and (f) the results of sandpaper abrasion test and in inset schematic of 
sandpaper abrasion test. 

Fig. 9. Photographs of self-cleaning performance of OPS-2 mesh.  
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3.5. Self-cleaning performance 

When used in an outdoor setting, accumulated dirt contamination, 
such as dust particles from the environment and sludge formed by the 
mixing of oil and water, may cause damage to the surface structure of 
the coating and lower its performance. The capacity of super-
hydrophobic coatings to clear themselves of dust particles without the 
need for additional pressures from the outside is one of the most 
remarkable characteristics of these coatings [54]. As a result, the dirt 
that has gathered on the superhydrophobic mesh is very simple to wash 
away using the jet of water. In this case muddy water, fine particles of 
ash and wood charcoal are used as dust containments to test the 
self-cleaning ability of optimized superhydrophobic OPS-2 mesh. The 
muddy water was dumped onto an angled superhydrophobic OPS-2 
mesh. On a surface that is superhydrophobic, muddy water behaves 
much like regular water and rolls downhill. The fact that this was ach-
ieved reveals that the superhydrophobic mesh that was created had 
amazing self-cleaning characteristics. The photographic evidence of the 
self-cleaning procedure may be seen in Fig. 9. Further the self-cleaning 
ability of superhydrophobic OPS-2 mesh was checked by dipping in the 
dispersion of ash in water. The OPS-2 mesh was immersed in prepared 
dispersion of ash and pulled out. There was no ash sludge seen adhered 
to the OPS-2 mesh as shown in Fig. S2. The water jet dropped onto the 
dispersed fine particles of wood charcoal on inclined superhydrophobic 
OPS-2 mesh. The water droplets roll in downward by collecting charcoal 
particles and left cleaned OPS-2 mesh as shown in Fig. S3. This proves 
that OPS-2 mesh revealed distinguished self-cleaning characteristics. 

4. Conclusions 

In conclusion, we have successfully fabricated superhydrophobic and 
superoleophilic SS mesh by depositing consecutive layers of polystyrene 
(PS) and octadecyltrichlorosilane (OTS) using an easy and inexpensive 
dip coating method. This allowed us to create a superhydrophobic and 
superoleophilic surface on the SS mesh. The WCA of 157.5 ± 2◦, the 
OCA of about 0◦, and the rolling angle of 6 ± 2◦ were all attained by 
adjusting the concentration of OTS in successive layered deposition. The 
investigation with the SEM showed that there is a regular arrangement 
of microscale bumps and on its surface there are nanoscale folds, both of 
which promote superhydrophobicity. The capacity of coatings to sepa-
rate oil and water was tested using a variety of mixtures of oil and water, 
such as petrol, diesel, kerosene, vegetable oil, and coconut oil. The 
experiment into oil-water separation indicated a separation efficiency of 
more than 97% and a permeation flux of 1689.189 L/(m2h) for low 
viscosity oil. After being bent, twisted, and folded multiple times, as well 
as subjected to 20 cycles of tape peeling testing and 30 cycles of sand-
paper abrasion testing, the superhydrophobic coated mesh demon-
strated that it maintained its superhydrophobic property throughout the 
duration of the mechanical durability study. Additionally, the super-
hydrophobic mesh that was created demonstrated exceptional thermal 
stability and good self-cleaning capabilities. As a consequence of this, 
the superhydrophobic mesh is an excellent choice for implementation on 
a wide scale in the oil-water separation process. 
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