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Abstract: In recent decades, there has been a significant interest in superhydrophobic coatings owing
to their exceptional properties. In this research work, a superhydrophobic coating was developed on
copper foams with a different roughness via immersion in AgNO3 and stearic acid solutions. The
resulting foams exhibited water contact angles of 180◦. Notably, surface roughness of the substrate
influenced the development of silver dendrites and stearic acid morphologies, leading to different
structures on rough and smooth copper foams. Separation efficiency was maintained above 94% for
various pollutants, suggesting good stability and durability, irrespective of the substrate’s roughness.
Conversely, absorption capacity was influenced by surface roughness of the substrate, with smooth
copper foams demonstrating higher absorption values, primarily due to its uniform porosity and
microstructure, which allowed for efficient retention of pollutants. Both copper foams exhibited
excellent thermal and chemical stability and maintained their hydrophobic properties even after a
40 h exposure to harsh conditions. Mechanical durability of modified copper foams was tested by
dragging and in ultrasounds, exhibiting promising results. The samples with the smooth substrate
demonstrated improved coating stability.

Keywords: superhydrophobicity; copper foam; durability; stability; oil/water separation; roughness;
absorption capacity

1. Introduction

In the past few decades, there has been a notable interest in superhydrophobic coat-
ings due to their remarkable characteristics and wide range of applications, including
anti-icing, anti-fogging, self-cleaning capability and the ability to separate oil and water,
which contribute significantly to their widespread usage [1–3]. Water contamination due
to oil exploration, transportation, refining and effluents from various industries leads to
severe environmental and economic consequences [4,5]. Conventional oil–water separation
strategies including air flotation, in situ burning, oil-absorbing materials, oil skimmers, floc-
culation, gravity settling, centrifugation, gas flotation and electrochemical techniques suffer
from limitations such as low selectivity, prolonged separation time, complex separation
processes and inefficiency in large-scale applications [6–8]. Hence, it is crucial to develop a
low-cost and efficient strategy to achieve complete separation of oil/water mixtures.

Taking inspiration from the exceptional water-repellent properties exhibited with natu-
ral elements like lotus leaves, desert beetles and water striders, artificial superhydrophobic
surfaces have garnered significant interest [9–12]. Lotus leaves have emerged as a symbol
of superhydrophobicity and self-cleaning surfaces, giving rise to what is known as the
‘lotus effect’. While several other plants boast superhydrophobic surfaces with nearly
identical contact angles, the lotus stands out for its superior stability and the impeccable
quality of its water-repellent properties. This exceptional performance is attributed to
the unique shape and density of the papillae, which result in an exceptionally reduced

Coatings 2023, 13, 1851. https://doi.org/10.3390/coatings13111851 https://www.mdpi.com/journal/coatings

https://doi.org/10.3390/coatings13111851
https://doi.org/10.3390/coatings13111851
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/coatings
https://www.mdpi.com
https://orcid.org/0000-0001-8058-4779
https://doi.org/10.3390/coatings13111851
https://www.mdpi.com/journal/coatings
https://www.mdpi.com/article/10.3390/coatings13111851?type=check_update&version=2


Coatings 2023, 13, 1851 2 of 15

contact area between the leaf surface and water droplets [10,13,14]. The wettability of
a solid surface is influenced by two crucial factors: surface chemical compositions and
micro-nanostructures [15,16]. Over time, various methods have been developed to pre-
pare superhydrophobic materials including hydrothermal techniques, chemical etching,
electrochemical deposition, the sol-gel method, spray coating, self-assembly and laser
etching [15–18]. These preparation approaches primarily rely on these strategies: roughen-
ing hydrophobic surfaces and modifying rough surfaces with substances possessing low
surface energy. The development of a straightforward, one-step technology for acquiring
high-performance and stable superhydrophobic materials is immensely desirable [19,20].

In recent years, there has been significant interest in three-dimensional (3D) porous
materials, such as organic sponges, metallic foams as well as aerogels, which offer large
specific surface areas plus porosity and are considered ideal substrates for developing
super-wettability materials for water/oil separation [21–24]. Copper foam is a favorable
choice as a substrate for oil/water separation since it is highly amenable to various surface
modifications and treatments, owning to its electrical conductivity, which allows for the
integration of various functional coatings and nanomaterials. Moreover, copper foam is
known for its mechanical robustness. It can withstand the handling and manipulation
required during the fabrication process and can maintain its structural integrity in practical
applications. Additionally, copper foams are widely available and relatively affordable, which
can contribute to cost-effective fabrication methods for oil/water separation materials.

To achieve superhydrophobicity, the surface of the copper foam can be micro/nanostructured
and then modified using thiols or silanes or fatty acids. This can be achieved using several
methods such as chemical etching, laser ablation or chemical treatments. Xin et al. [25]
created superhydrophobic and superhydrophilic sides on copper foam using laser ablation
and chemical modification, involving 1H,1H,2H,2H-perfluorodecyltriethoxysilane (FAS)
and graphene oxide. Zhang et al. [26] created a surface layer of HKUST-1, which was
grown in situ on the copper foam and then modified with 1-Hexadecanethiol, resulting
in superhydrophobicity. Song et al. [27] created superhydrophobic copper meshes by
immersing them in an AgNO3 solution, followed by 1-dodecanethiol immersion, which
formed a superhydrophobic surface on the copper. Zhang et al. [28] adopted a proce-
dure that involved chemical etching in FeCl3/HCl solutions to create rough structures
on copper foam and subsequent modification with four sulfhydryl compounds to lower
surface energies. In Xu et al.’s study [29], copper foams were cleaned and immersed in
an ethanolic stearic acid solution to create superhydrophobic surfaces. Zhou et al. [30]
employed a process involving dopamine, AgNO3 reduction and n-dodecyl mercaptan
to create superhydrophobic copper foam. In Chen et al.’s study [31], copper foam was
anodized in NaOH, modified with APTES and carbon nanotubes (CNTs) and immersed in
silanes to achieve superhydrophobicity.

Hydrophobic nanoparticles or nanostructures incorporated into the coating that can
create a rough surface structure, to increase water repellency, are also reported in the
literature. Gao et al. [32] electrodeposited CeO2 nanostructures on copper foam, followed
by immersion in an n-dodecyl mercaptan solution to achieve superhydrophobicity. Li
et al. [33] fabricated superhydrophobic surfaces by growing Cu(OH)2 nanowires and CuS
nanostructures on copper foam using electrodeposition, followed by chemical modification.
Zhu et al. [34] created superhydrophobic copper foams coated with various patterned
nanostructures, including Cu(OH)2 nanoneedles, ZnO nanocones and ZnO nanorods.
In Rong et al.’s study [35], copper foam was immersed in a mixed solution containing
(NH4)2S2O8 and Na2HPO4, resulting in the growth of Cu3(PO4)2·H2O nanosheets on the
surface. In Zhu et al.’s study [36], copper foams were coated with a composite material
through a spray-on method using hydroxyl-functionalized multi-wall carbon nanotubes
and water-based melamine formaldehyde. More complicated methods such as in Liu
et al.’s study [37], who constructed superhydrophobic Janus separation materials using
commercially available copper foam and silane agents through a controlled hydrophobic
molecular vapor deposition process, are also reported.
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The provided techniques for creating superhydrophobic copper foams indeed show
promise for separating water and oil mixtures. However, there are some disadvantages
that need to be addressed. Many of these techniques involve multiple steps and processes,
which can be time-consuming. Some methods require specialized equipment, which
may not be readily available or cost-effective for widespread adoption. The utilization of
expensive materials or reagents is also an essential consideration for practical applications.
Most importantly, there is a lack of understanding of interaction mechanisms.

Though there is an abundance of research related to the properties of hydrophobic
coatings, when applied to surfaces, a notable void in the literature pertains to hydrophobic
metal foams. As mentioned, there is a need for a better understanding of the interaction
mechanisms on superhydrophobic copper foams. Additionally, the majority of studies
focus on the roughness of the coating and its impact on hydrophobicity. Nonetheless, there
exists a noticeable dearth of the literature concerning substrate roughness and its influence
on the morphology of the hydrophobic coating.

In this research work, the alteration of the superhydrophobic coating’s structure was
thoroughly investigated, focusing solely on variations in the substrate’s roughness. The
production process of the superhydrophobic coating remains identical and is extensively
detailed in our previous work [38]. Another crucial aspect examined was the mechanical
resilience of the developed hydrophobic coatings. Numerous research studies are related
to the growth of superhydrophobic coatings, but the lack of mechanical durability along
with satisfying chemical and thermal stability hinder their widespread application.

In this research work, an effective superhydrophobic coating was successfully devel-
oped on copper foams with varying degrees of roughness, via immersion in AgNO3 and
stearic acid solutions. Silver nitrate displays a swift reaction with copper and even a small
amount is sufficient to adequately coat the surface. Consequently, the overlay process
was simple, fast and cost-effective. Silver nitrate was employed to enhance the surface
micro-roughness, a pivotal element in hydrophobic coating fabrication [39,40]. In addition,
fatty acids like stearic acid, palmitic acid, lauric acid and oleic acid are renowned for their
capacity to form coordinating bonds with metal nanoparticles and thus for improving the
performance of superhydrophobic materials [41]. To test the coating’s chemical and thermal
stability, contact angle measurements were conducted after its exposure in low and high
temperatures as well as in acidic and alkaline aqueous mixtures. To assess the mechanical
resilience of the altered copper foams, samples were subjected to abrasion with 600-grit
SiC paper with various weights on them. Samples also underwent ultrasonic treatment
and retained their hydrophobic properties. In terms of absorption capacity, the super-
hydrophobic copper foams with a smooth substrate exhibited a greater ability to absorb.
Separation efficiency remained above 94% for a range of contaminants after 10 separation
cycles, with both samples indicating excellent stability and durability. The durability of the
superhydrophobic copper foam, as well as the cost-effectiveness of the chosen materials
and processes, should be considered as an asset in potential use in filtration applications.

2. Materials and Methods
2.1. Materials

Silver nitrate was obtained from Panreac (Barcelona, Spain) and stearic acid (C18H36O2)
was a product of Merck (Darmstadt, Germany). Rough copper metal foams were provided
by Metafoam Technologies (Brossard, Canada) and smooth copper foams were purchased
from Hui Rui Siwang (Hengshui City, China). Both copper foams have 94% porosity
and are in the form of 10 cm × 10 cm × 1.6 mm sheets. Ethanol was purchased from
Central-chem (Bratislava, Slovakia). Sodium hydroxide (NaOH) and hydrochloric acid
(HCl), used in chemical stability tests, are products of Honeywell (Seelze, Germany) and
Panreac (Barcelona, Spain), respectively.
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2.2. Preparation of Superhydrophobic Copper Foam

Copper foam sheets with different struts’ roughness (rough and smooth), measuring
15 mm × 15 mm × 1.6 mm, underwent ultrasonic cleaning using acetone and anhy-
drous ethanol. Smooth and rough substrates were produced via electrodeposition and
sintering methods, respectively. Pretreated copper foam samples were submerged in a
20 mm ethanolic solution of silver nitrate (AgNO3) at 50 ◦C for 20 min to enhance the mi-
cro/nanoroughness of the foams. Subsequently, they were immersed in a 15 mm ethanolic
solution of stearic acid for 50 min to reduce surface energy. The optimum parameters were
found and analyzed in previous research work [38]. The achieved water contact angle
(WCA) of the modified copper foams was 180◦.

2.3. Characterization and Testing

Surface morphology of the superhydrophobic copper foams and substrates’ roughness
measurements were examined through a scanning electron microscope (Phenom ProX desk-
top SEM, Thermo Fisher Scientific, Eindhoven, The Netherlands). The microstructure and
phases formed on superhydrophobic films were characterized using an energy dispersive
spectrometer (EDS). The foam substrates’ roughness measurements were examined through
3D EDS Tomography, which is a technique of a scanning electron microscope (Phenom ProX
desktop SEM, Thermo Fisher Scientific). Static water contact angle measurements were
conducted to evaluate wettability. Specifically, 8 µL water droplets were deposited onto
the surfaces under examination in standard ambient conditions. A laboratory incubator
was used for the thermal treatment of the coated samples (CLIMACELL incubator, MMM
Group, Munich, Germany). Oil viscosities were measured using a rheometer (TA Discovery
Hybrid Rheometer HR30). The calculation of the separation efficiency (s) involves dividing
the weight of oil collected in the filtrate tank after separation (m1) by the weight of oil added
before separation (m0). Separation efficiency was calculated as follows (Equation (1)):

Separation efficiency =
m1

m0
× 100% (1)

Absorption capacity was calculated through Equation (2):

Absorption capacity =
W1 −W2

W1
(2)

where W1 is the weight of the foam before the absorption and W2 is the weight of the foam
after the absorption.

3. Results and Discussion
3.1. Analysis of the Developed Morphologies on Coated Copper Foams

Surface roughness plays a crucial role in the shape of developed structures. Observed
morphologies of silver dendrites, in this research work, can be divided into two categories:
tree- and moss-like on rough and smooth copper foam, respectively [42,43]. Figure 1a,b
show a schematic illustration of these morphologies. Figure 1c,d depict the mean value of
roughness of the surface irregularities for rough and smooth copper foams, respectively.
At least 10 measurements were conducted with each sample. Rz represents the mean
magnitude of the heights of the five highest peaks and the depths of the five deepest valleys
found within the specified measurement distance. Ra denotes the mean value obtained by
calculating the absolute heights of the surface profile and taking their arithmetic average
over the specified measurement distance. Rough copper foam has higher values of inherent
roughness than the smooth substrate. Figure 1e,f depict SEM images of the copper foams
used. The inherent roughness plays a crucial role in the shape of developed structures.
Tree-like silver dendrites and flower-like structures grow on rougher copper foams, while
nanowire morphologies and moss-like Ag dendrites are commonly found at smoother
samples (see Figure 2).
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Figure 1. Schematic illustration of developed morphologies (a) on rough copper foam and (b) on
smooth copper foam. Strut roughness of (c) rough copper foam and (d) smooth copper foam. SEM
images of (e) rough copper foam and (f) smooth copper foam.

The emergence of Ag dendrites can be elucidated through a straightforward reaction
mechanism. In this galvanic reaction, the reduction reaction Ag+ + e− = Ag occurs ex-
clusively on the metal surface, initially on copper (Cu) and subsequently on the newly
formed silver (Ag) [44]. The necessary electrons are supplied with the oxidation reaction
Cu = Cu2+ + 2e−, which takes place on the Cu surface, leading to the release of Cu2+ ions
into the solution. Electron transport within the metal enables the reduction of Ag+ ions on
the Ag surface. The spontaneous reduction of silver ions using copper can be described with
the following reaction: 2Ag+ + Cu→ 2Ag + Cu2+ [45]. By immersing copper substrates in a
silver nitrate solution, a series of thin silver films were deposited onto the substrates. Due to
the minimal roughness of smooth copper foam, the reaction occurs at a slow pace, resulting
in the formation of tiny voids within the film that are nearly imperceptible. However, when
the roughness of the strut increases (rough copper foam), the reaction accelerates, leading
to the emergence of larger fractal-like silver structures. As a result, the size of the voids
between these structures also expands. (See Figure 1a,b).

The formation of silver dendrites has been the subject of extensive research studies.
Silver dendrites are known for their ability to generate extensive specific surface areas [46].
Dendrite growth can be understood through various models, including deposition, diffu-
sion and aggregation (DDA); diffusion-limited aggregation (DLA); oriented attachment
(OA); and cluster–cluster aggregation (CCA) [47]. The anisotropic crystal growth of den-
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drites occurs when kinetic factors dominate over thermodynamic factors, resulting in a
non-equilibrium condition. The diffusion-limited aggregation model describes the fortu-
itous aggregation and asymmetric growth of nanoparticles, leading to the formation of
fractal structures when the growth rate is limited by the diffusion rate of solute atoms (also
known as random walkers) to the reaction interface [48]. Conversely, oriented attachment
involves the spontaneous self-assembly and alignment of adjacent particles, resulting in
a shared crystallographic orientation and the joining of these particles at a planar inter-
face. The Cluster–Cluster Agglomeration (CCA) model, a dynamic cluster model, utilizes
random motions to generate larger clusters by repeating the diffusion-limited aggregation
(DLA) process [49].
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and 50 min in stearic acid solution, on rough copper foam (a–c), and on smooth copper foam (d–f).

In general, a fully formed main structure characterizes the dendritic silver nanos-
tructure, showcasing distinct branches, stems and leaves. Certain secondary branches of
the dendrites steadily extend and evolve into fresh trunks. These dendrite formations
possessing such a shape are referred to as secondary branch structures. It is important to
note that explaining the formation of Ag dendrites by considering only one of these mecha-
nisms oversimplifies the actual phenomena. Therefore, it is common to invoke multiple
mechanisms simultaneously to better understand the growth process of Ag dendrites [50].

Dendritic fractals can have one, two or multiple branches, extending from worm-like
structures as primary dendrite arms as schematically shown in Figure 3. In the case of silver,
the slightly elongated structures act as primary dendrite arms, serving as a central trunk for
the growth of secondary dendritic structures through branching [51]. The transformation
from branched structures to dendritic structures in silver is facilitated with the continuous
supply of a new portion of the AgNO3 solution to the surface of the primary dendrite
arm [52].
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substrate.

As the reaction time progresses, the concentration of silver ions diminishes, leading
to a gradual reduction in the length of symmetrically shaped dendrites. Moreover, the
dendrite structure undergoes degeneration, transitioning into a higher-order branched
structure and the gaps between dendrites become narrower [43,53].

In the case of multilayer films of stearic acid, it is generally accepted that the first
monolayer forms a chemical bond with the surface, while subsequent monolayers stack
on top. A fatty acid becomes complexed with the surface metal atoms and forms the first
monolayer alongside neighboring molecules [54–57]. The ordered arrangement of long-
chain organic amphiphiles in monolayers is usually created using two main techniques:
the Langmuir–Blodgett (LB) deposition method or through the process of spontaneous
adsorption from a solution, commonly known as self-assembly (SA). There is a great
similarity between monolayers produced through the self-assembly (SA) method and those
created using the Langmuir–Blodgett (LB) method [58–61]. The adsorption process of
stearic acid onto the silver surface is highly energetically favorable, making it relatively
effortless to form complete monolayers by simply bringing the silver substrate into contact
with the acid solution [47,48].

3.2. Oil–Water Separation

The oil–water separation performance of superhydrophobic copper foams with a
different substrate roughness was conducted at 25 ◦C in a small tank (Figure 4a) with
a volume ratio of Voil:Vwater = 1:3. Nine different types of oil with different viscosities
(Figure 4b) were used. Separation efficiency was maintained above 94% after 10 cycles of
filtration (Figure 4c). The significance of viscosity lies in its influence on the separation
efficiency and absorption capacity of superhydrophobic copper foams. The efficiency of
separating high viscous oils is lower compared to less viscous oils, whereas this fact is not
observed in terms of absorption (Figure 4d). All pollutants have lower density than water.
The findings from the separation efficiency results, as depicted in Figure 4c, indicate that
roughness holds little significance as a contributing factor, with the primary determinant
of efficiency being the crucial role played by viscosity. Conversely, it should be noted that
when it comes to absorption capacity, roughness is a determining factor. Figure 4d depicts
the absorption capacity values of superhydrophobic copper foams with the smooth and
rough substrate, respectively. Smooth copper foam displays significantly greater absorption
values in contrast to the foam with the rough base. Due to the greater uniformity of the
pores, it is able to maintain a satisfactory level of oil evenly over its entire surface, unlike
foam with a rough substrate. Furthermore, the microstructure of the coating on the smooth
foam exhibits greater uniformity, without sizable voids, consequently leading to improved
retention of contaminants.
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3.3. Thermal and Chemical Stability

To assess the environmental stability and durability of superhydrophobic copper
foams, a comprehensive investigation was conducted to examine their response to exposure
to different solutions and temperatures. Superhydrophobic copper foam samples were
exposed to 100 ◦C in a laboratory incubator and to −15 ◦C in a cooling chamber, for 1, 4,
9, 16 and 40 h, respectively, in order to evaluate their stability under thermal conditions.
Figure 5a illustrates WCA measurements for rough and smooth copper foam, taken after
thermal loads, and the results show that their hydrophobic properties were maintained. It
is noteworthy that in the smooth foam, the WCA values remain consistently high at around
140◦, even after 40 h of exposure at both temperatures (100 ◦C and −15 ◦C), while the
rough foam’s contact angle decreased to 120◦ at 100 ◦C and 110◦ at −15 ◦C, after the same
duration. Chemical stability of superhydrophobic copper foams was evaluated in acidic
and alkaline solutions. The foam samples were immersed in HCl and NaOH solutions
for 1, 4, 9, 16 and 40 h, correspondingly. Figure 5b illustrates the WCA values obtained
after subjecting the samples to these chemical treatments. There is a consistent stabilization
of the contact angle observed in both acidic and alkaline environments for both foams.
Nonetheless, it is worth noting that the contact angles are notably higher in the foam with
the smooth substrate. All the foams maintain their hydrophobic properties, even after 40 h
of immersion.

Figure 6a–d depict the morphology of superhydrophobic smooth copper foams, after
40 h of exposure at 100 ◦C and −15 ◦C. Nanowire morphologies of stearic acid create
aggregates, a fact that leads to an uneven distribution of the structure across the surface,
and the leaf-like structure has undergone partial degradation. SEM images of the modified
foams’ morphologies following 40 h in the HCl and NaOH solutions are presented in
Figure 6e–h. Regarding the morphologies when exposed to the acidic solution (Figure 6e,f),
an extensive structural degradation was observed. Initial morphology of the coating’s
components was disrupted, leading to the formation of aggregates. Copper foam remains
superhydrophobic as the substrate remains coated and no exfoliation of the coating was
noted. Submerging the coated foam in an alkaline solution has a minor impact on its
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morphology, but WCA reduction is probably due to the decrease in the quantity of its
constituents on the foam substrate (Figure 6g,h).
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Figure 7a,b illustrate the coating’s structures on rough copper foam, after exposure
for 40 h at 100 ◦C. Tree-like silver dendrites appear to have undergone slight melting and
consolidation, while micro-flowers’ petals undergo partial destruction and form aggregates.
Regarding the exposure of the sample to−15 ◦C for 40 h (Figure 7c,d), there is a destruction
as well as a detachment of dendritic morphologies and an extended degradation of micro-
clusters. Dendritic branches separated from the stems and fused together, while micro-
flowers were detached and completely lost their initial shape, after 40 h of residence in the
HCl solution (Figure 7e,f). Figure 7g,h show both structures after 40 h of residence in the
NaOH solution. The dendritic structures have undergone fragmentation in some places
and aggregation in others, whilst micro-clusters have been thoroughly demolished and
dispersed across different locations on the foam.
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3.4. Stability in Water and Sodium Chloride Solutions

To assess the viability of utilizing superhydrophobic foams for water purification
applications involving the removal of pollutants such as oils, a comprehensive examination
of their stability in water and the sodium chloride solution (3.5% w/v) was conducted.
Figure 8a depicts copper foam’s WCA measurements as a function of residence time in
water and the sodium chloride solution. Both modified copper foams maintained their
hydrophobic properties even after 40 h of immersion in both solutions. In comparison to
immersion in water, the reduction in angle values is greater when the foams are submerged
in the sodium chloride solution. During the initial hours of exposure, a decline in the
angle is detected in both foams, whether they are immersed in water or a sodium chloride
solution. Following approximately 10 h of immersion in the solutions, the angle in both
foams reaches a stable state, maintaining a constant value even after 40 h in water and the
NaCl solution. The foams retain their hydrophobic properties, as evidenced with the angle
remaining close to 140◦.

SEM images of silver-coated copper foams’ morphologies after immersion in solutions
for 40 h (Figure 8b–d) show that nanowire and dendritic structures on smooth copper
foam have undergone reduction and partial degradation, while micro-flowers and tree-like
morphologies on rough copper foam disintegrate and one structure adheres to another
(Figure 8e–g). After exposure to the sodium chloride solution, deposits from the NaCl
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components are observed on the foam (Figure 8h–j). Figure 8k–m depict that silver den-
drites broken down into small particles and micro-flowers altered in shape from their
original state.
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Figure 8. (a) Contact angle measurements after immersion in water and sodium chloride solution
(SEM images of coated copper foams), (b–d) (smooth) after immersed in water, (e–g) (rough) after
immersed in water, (h–j) (smooth) after immersed in sodium chloride solution, (k–m) (rough) after
immersed in sodium chloride solution, for 40 h.

3.5. Mechanical Durability

Abrasion tests were carried out to evaluate the mechanical durability of the modified
copper foams. Superhydrophobic copper foams were placed on a 600-grit SiC paper, using
weights of 35 gr and 90 gr, and measurements of WCA were performed during multiple
cycles of abrasion of a 20 cm length each (Figure 9a). After five cycles, a significant decrease
in the contact angle is noted, but in the subsequent cycles, there is a substantial stabilization.
This stability persists, maintaining the hydrophobicity in both foams for 35 gr and 90 gr.
Hence, the substrate’s surface roughness does not impact the mechanical stability of the
coating during this test. Even after 40 cycles of abrasion, the samples maintained their
hydrophobic properties. The weights applied are significantly larger in comparison to the
weights of the foams, which amount to 0.2 gr for the rough foam and 0.07 gr for the smooth
foam. It is evident that, for instance, 90 gr is 1285 times greater than the weight of the
smooth foam. Consequently, both samples exhibit exceptional mechanical stability.

The stability of the superhydrophobic foams was also investigated using an ultrasonic
device. The samples were positioned in the apparatus for various time durations. Samples
exhibited hydrophobicity even after 90 min (Figure 9b). The foam with the smooth substrate
exhibits slightly higher WCA values, demonstrating enhanced coating stability, due to the
coating’s uniformity.
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4. Conclusions

A superhydrophobic coating was effectively developed on copper foams with different
levels of roughness by immersing them in AgNO3 and stearic acid solutions. The goal was
to attain a long-lasting superhydrophobic copper foam featuring a water contact angle of
180 degrees, coupled with outstanding chemical and thermal resilience, as well as superior
separation capability. Due to this fact, roughness of the substrate was evaluated with
respect to the foam properties. The following conclusions can be drawn:

(1) As the strut’s roughness increases, stearic acid’s nanosheets and self-assembled Ag
clusters grow larger in size and length. Particularly, the stearic acid nanosheets form
and start to vertically expand, resembling chrysanthemum petals.

(2) The modified copper foams exhibited significant chemical and thermal stability. Specif-
ically, WCA of the foam with the smooth substrate consistently stays high at approxi-
mately 140◦ even after 40 h of exposure at both temperatures (100 ◦C and −15 ◦C).
In contrast, after the same time duration, the contact angle of the foam having a
rough substrate decreases to 120◦ at 100 ◦C and 110◦ at −15 ◦C. A stable contact
angle is consistently observed in both acidic and alkaline environments for both types
of foams. However, contact angles for the samples with the smooth substrate have
greater values. All the foams retain their hydrophobic characteristics, even following
a 40 h immersion.

(3) Mechanical durability of modified copper foams was tested with dragging and in
ultrasounds, exhibiting outstanding results. The samples with the smooth substrate
show higher WCA values, indicating improved coating stability attributed to the
uniformity of the coating.

(4) The separation efficiency of both foams remained above 94% for pollutants with
several viscosities, indicating excellent stability and durability. Regarding absorption,
the foam with the smooth substrate proved to be more efficient, retaining larger
quantities of pollutants. The uniform porosity and coating’s microstructure lacking
significant voids leads to retaining the oil across its entire surface, a fact that improves
its ability to retain contaminants.
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