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We presented a superhydrophobic stainless steel mesh (SSM) developed by facile one-step dip coating of candle
soot (CS)-polydimethylsiloxane (PDMS) using chloroform as solvent for effective and durable oil-water separa-
tion. SSM dip coated with chloroform solution of 200 mg CS and 0.5 mL PDMS yielded water contact angle
(WCA), oil contact angle (OCA) and sliding angle (SA) of 162 + 2°, 0° and 4 + 1°, respectively. In series of oil-
water separation studies, superhydrophobic mesh revealed >98 % separation efficiency with high separation flux
of 7810 L-m~2h ™. The superhydrophobic mesh revealed excellent mechanical, chemical and thermal durability.

1. Introduction

Oily effluent from chemical factories and oil spills threatens marine
life and environment [1]. Practical and affordable technologies for
treating oily wastewater are urgently needed [2]. Superhydrophobic
materials separate oil and water from oily wastewater by repelling water
and allowing oil to pass through them. Superhydrophobic surfaces for
oil-water separation have been created using porous substrates like
metal meshes, sponges, and textiles [3-5]. Stainless steel mesh (SSM) is
a better choice due to its durability, affordability, and versatility [6,7].

Several recent reports utilized CS to develop superhydrophobic
surfaces [6-11]. For example, Zhang et al. used two-step approach
where CS layer was deposited on SSM using candle flame. They have
used xylene solvent for subsequent PDMS deposition. PDMS acted as
binder and low surface energy modifier. It could separate heavy oil
(dichloromethane) from water with 94 % efficiency [7]. However, au-
thors have not evaluated durability of the developed mesh for reus-
ability or their permeation flux with different viscosity oils. Liu et al.
used multi-step approach where candle flame deposited CS/SSM was

treated with SiO5 and subsequently with low surface energy silane [10].
Khosravi et al. deposited CS on SSM via candle flame, vapor-deposited
polypyrrole, and then modified it with stearic acid [6]. Song et al.
deposited CS layer on glue-coated SSM by two-step [11]. Developing
superhydrophobic/superoleophilic SSM with facile approach, one-step,
durable, and high permeation flux with viscous oils is essential for
practical applications.

In this context, we developed CS-PDMS coated SSM via a simple one-
step dip coating in CS-PDMS using chloroform solvent. Chloroform is
better than other organic solvents such as xylene (used in Ref. 7) for
uniformly dispersing CS particles and dissolving PDMS. Chloroform has
higher solubility constant and lower evaporation temperature [12]. The
one-step coated SSM was evaluated for its wetting ability, surface and
chemical structure, durability and oil-water separation using different
viscous oils.

2. Materials and methods

Before use, the 4 x 4 cm? SSM pieces were ultrasonically cleaned
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Fig. 1. Fabrication of superhydrophobic SSM.
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Fig. 2. Low and high magnification SEM images of (a&d) CPM-1, (b&e) CPM-2 and (c&f) CPM-3. WCA, OCA, and coloured water droplets on (g) CPM-1, (h) CPM-2,

and (i) CPM-3.

with ethanol and distilled water for 5 min each and dried at 80 °C for 10
min. 0.5 mL PDMS was stirred in 20 mL CHCl3 at 100 rpm. After 30 min
of stirring, 100-300 mg CS particles were added and stirred for an
additional 30 min. SSM was submerged for 20 min in the prepared so-
lution and drawn out slowly at 50 mm/s, dried at room temperature for
10 min and heated at 100 °C for 1 h (Fig. 1). The coated meshes were
named CPM-1, CPM-2, and CPM-3, corresponding to 100, 200, and 300
mg of CS used. More experimental details are provided in Supporting
Information (SI).

3. Results and discussion
The CS nanoparticles formed network-like structure on coated SSM,

as seen in SEM micrographs. Fig. 2a&d illustrates the composite is not
evenly distributed throughout mesh due to low CS concentration; empty

spaces were evident. At 200 mg of CS, coating spread evenly on the mesh
(Fig. 2b). The linked CS particles in PDMS network formed micro/nano-
scale surface roughness (Fig. 2e). The nanopores could trap air, which is
essential for superhydrophobicity [13]. The gaps in the CS particle ag-
gregates may be due to the rapid solvent evaporation during heat
treatment [14]. A higher CS concentration led to more aggregation and
intermittent pores in the composite coating (Fig. 2c&f). Table S1
and Fig. S1 provide elemental percentage and EDS spectra. The high C
content is associated with CS, and the Si content is with PDMS
incorporation.

CPM-1 sample showed 155 + 2° of WCA due to lesser extent of CS-
PDMS deposition on SSM (Fig. 2g). The droplet had trouble rolling
freely on this surface. CPM-2 sample showed better WCA of 162 + 2°
and SA of 4 + 1°, which can be attributed to more uniform surface
coverage with desirable hierarchical nano/micro surface roughness
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Fig. 3. (a) Separation efficiency and (b) permeation flux for various oil-water mixtures. (c&d) Variation of separation efficiency and WCA against number of
kerosene-water separation cycles. (e) Continuous petrol-water separation.
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Fig. 4. Photographs of (a) bending, (b) folding, and (c) twisting of CPM-2. (d-f) WCA variation during, (d) tape peeling, (e) sandpaper abrasion and (f) temperature

and (g) immersion in different pH solutions.
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(Fig. 2h). Further increment of CS particles in coating reduced WCA to
158 + 2° (Fig. 2i). All the samples exhibited an OCA of nearly
0° (Fig. 2g-i).

In the gravity-based oil-water separation, mesh filtered oil into
enclosed beaker, and water was collected in separate beaker under the
funnel (Fig. S2). As-coated meshes had separation efficiency exceeding
98 % (Fig. 3a). All meshes showed separation flux of 7810 + 780
L-m~2h~? for kerosene and 1160 =+ 120 L-m~2h ™! for cooking oil, the
disparity associated with viscosity (molecular density) variance
(Fig. 3b). Compared to CPM-1 and CPM-3, the CPM-2 sample main-
tained separation efficiency >98 % even after 15 kerosene-water sepa-
ration (Fig. 3c). CPM-2 sample demonstrated superior separation
compared to CPM-1 and CPM-3. Hence, CPM-2 was selected for further
studies. Additionally, we examined wetting stability during reusability
(Fig. 3d). Beyond the filtration mode, CPM-2 sample demonstrated su-
perior oil-water separation in continuous mode (20 mL petrol collected
within 38 s) (Fig. 3e). The oil-water separation mechanism is provided
in SI file.

Mechanical bending, folding and twisting, tape peeling, sandpaper
abrasion, and chemical and thermal tests are used to determine dura-
bility [15,16]. Superhydrophobic mesh stayed intact even after bending
at 90-180° (Fig. 4a). WCA and SA remained at 160 + 2° and 5 + 1°, after
being folded and twisted (Fig. 4b-c). The superhydrophobicity retained
with WCA of 151 + 2° and SA of 7 & 1° after 5 tape peeling cycles and
the water drops maintained spherical shape (Fig. 4d). With further in-
crease of peeling cycles, WCA reduced and the water drops get stuck on
surface. The superhydrophobicity was retained for 6 abrasion cycles
with WCA of 152 + 2° and SA of 6 + 1° (Fig. 4e); however, WCA
reduced to ~ 140° after 8 cycles, attributed to significant loss of coated
composite. The coated mesh sustained superhydrophobicity up to
200 °C, with WCA of 153 + 2° and SA of 6 & 1° (Fig. 4f). CPM-2 showed
minimal WCA variation even after immersion in pH 2, 7, and 12 solu-
tions, indicating high chemical stability (Fig. 4g). The durability studies
support strong amalgamation of one-step dip-coated CS and PDMS using
chloroform solvent, contributing to enhanced oil-water separation ef-
ficiency and durability to re-use. Table S2 compares results with re-
ported similar works.

4. Conclusions

The one-step candle soot — PDMS dip-coated SSM developed in this
work using chloroform solvent presented excellent oil-water separation
capability. The mesh showed separation efficiency of 98 % and sepa-
ration flux of 7810 L-m~2h~!. The superhydrophobicity was retained
even after multiple bending, folding, twisting, sandpaper abrasion, tape
peeling, and temperatures up to 200 °C. The simple and low-cost
approach is helpful for industrial oil-water separation.
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