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Recent developments in superhydrophobic textiles involve many technologies and fields of knowledge, such as 
textile engineering, surface treatments, and nanomaterials. Several methods can be employed to achieve the 
superhydrophobicity of fabrics, including dip coating, in situ growth, the sol-gel approach, and immersion. 
This review presents each method and investigates its peculiarities, correlating it with reagents and results. A 
brief conclusion is also presented with future perspectives. The P.R.I.S.M.A. (Preferred Reporting Items for 
Systematic Review and Meta-Analysis) protocol was followed, aiming to select the most relevant papers for the 
area and to evaluate the results accordingly. Selected keywords were superhydrophobic AND [textile OR fabric 
OR cloth] AND [coating OR immersion OR gel]. Furthermore, only articles published between 2019 and 2024, 
in the English language, were selected.
Keywords: Systematic Review. Superhydrophobic Textile. Nanotechnology. Advanced Methods.
 

Superhydrophobic textiles are components with 
many applications in the engineering field [1]. 
Some examples include antivirus and antibacterial 
fabrics, oil-water separation, self-cleaning 
properties, and the facile removal of surface 
impurities. Applications of superhydrophobic 
textiles can range from outdoor clothing and 
sportswear (to keep athletes dry and comfortable), 
to medical textiles (for water-repellent bandages 
and surgical gowns), and even in everyday items 
like furniture upholstery and automotive interiors. 
They offer benefits such as self-cleaning properties, 
stain resistance, and improved durability in wet 
conditions [2].

These textiles are designed to exhibit extremely 
high contact angles with water, typically exceeding 
150°. This means that when water comes into 
contact with the surface of a superhydrophobic 
textile, it forms spherical droplets that roll off 
easily, carrying dirt and debris away with them.

The superhydrophobic properties of these 
textiles are typically achieved through surface 
modification techniques, such as coating the 

fabric with hydrophobic substances or altering 
the surface structure at the nanoscale level. This 
modification creates a rough or textured surface 
that minimizes contact between the water droplets 
and the fabric, leading to the repelling effect [3].

In a recent review report, the most recent 
materials used for manufacturing hydrophobic 
textiles were presented in studies from the past 
five years. Many studies using natural fibers, such 
as cotton, have been the focus in the last decade.

However, some disadvantages of these 
types of fibers are known, such as the difficulty 
of incorporating nanomaterials to improve 
mechanical response. In this regard, synthetic 
fibers may be used. Several studies have reported 
on the use of PET polyester fabrics as the primary 
fiber for producing superhydrophobic textiles.

Some advantages include excellent mechanical 
response, high reliability, and commercially 
available textiles in various forms [4].

Among the nanofillers used for modifying those 
textiles, silane treatment and silica use are the most 
notable. Additionally, poly (dimethylsiloxane) is 
the most commonly used additive for increasing 
the contact angle of textiles, a crucial parameter 
for measuring hydrophobicity. As a conclusion 
to such a study [4], many techniques can be 
used for modifying textiles. Figure 1 highlights 
the most commonly employed methodologies 
for fabricating superhydrophobic textiles when 
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nanotechnology is utilized. Dip-coating is the 
most commonly employed method, as well as 
immersion, due to the ease and low cost of these 
processes.

and only papers published in English within the 
last 5 years (2019-2024) were selected. Then, 
some articles were obtained, as shown in Figure 2. 
Subsequently, duplicated records were removed, 
leaving 1083 articles for selection of the relevant 
ones.

As exclusion criteria, no textile OR cloth 
OR fabric, development of coatings (or when 
only the coating was analyzed), laser/plasma 
surface treatments, metal/alloy particle surface 
treatment, when no nanomaterials were employed. 
Additionally, certain materials, including films, 
sponges/foams, aerogels, and membranes, were 
excluded. Textiles for electronics were excluded, 
as were those that used photo treatments.
Additionally, inclusion criteria were selected 
when only polymeric textiles were used, when 
nanomaterials or nanotechnology were applied, 
and when the textile was developed explicitly 
for oil-water separation. At the end of the papers' 
screening, 35 articles were selected and fully read, 
and used for data acquisition and comparison of 
results.

 
Results and Discussion

Figure 3 shows the evolution of papers 
published in the last 5 years. A clear trend of 
increasing the number of publications is observed, 
primarily on the Web of Science platform. A trend 
of maintaining a constant publication rate over 
time is observed on the Scopus platform, as well 
as in MDPI, with only one paper published per 
year.

Figure 4A shows the main results from those 35 
papers selected, using the inclusion and exclusion 
criteria. As can be seen, the coating process is 
the most highlighted, with 28 of the 35 papers 
selected. This result may be attributed to the 
ease, affordability, and high-quality finished parts 
produced when this method is employed [9]. In 
addition to the coating method, some studies also 
applied Ultraviolet light (UV), aiming to improve 
the surface's quality and adhesion between the 
coating and the textile surface [4]. Additionally, 

Figure 1. Main methods applied, using 
nanotechnology for hydrophobic textiles.
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Despite the excellent results for hydrophobicity 
from such studies, no correlations have been 
reported between the used methodologies and 
their influence on the superhydrophobicity of these 
textiles elsewhere. The primary objective of this 
study is to present the methodologies employed 
for improving the hydrophobicity of textiles and 
fabrics.

 
Materials and Methods

The research method, papers' organization, and 
results presentation of this research were based on 
previous work of the group [5–8]. Additionally, to 
support this systematic review, the online software 
"Parsifal" and its associated tools (parsif.al) were 
utilized. "Scopus" (scopus.com), "Web of Science" 
(webofknowledge.com), and "Multidisciplinary 
Digital Publishing Institute (MDPI)" (mdpi.com) 
were used as databases to search for articles. For 
that, "superhydrophobic AND [textile OR fabric 
OR cloth] AND [coating OR immersion OR gel]" 
were used as keywords. Review articles, book 
chapters, and conference papers were excluded, 
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Figure 2. Systematic review diagram, showing the screening steps for the paper's selection.

UV is used for curing the coating in some cases, 
aiming to speed up the curing process and also 
improve the process's productivity [4, 10].

Immersion is one of the most used methods. This 
is perhaps due to the ease of such a process even 
when a non-uniform distribution of the coat occurs 
[11]. Chemical Vapor Deposition (CVD), as well 
as condensation, have been explored as methods 
for producing superhydrophobic cloths, which are 
expected to have low commercial viability due 
to the high cost and difficulty of producing a soft 
surface [10]. Finally, the sol-gel approach yielded 
a relatively low number of publications, whereas 
dip-coating is a technique used to create coatings 
on various substrates. Dip-coating is a technique 

used to apply a coating to a material by immersing 
it in a solution or suspension of the coating 
substance. It is widely used in various industries, 
including manufacturing, electronics, and 
pharmaceuticals, for creating uniform coatings on 
objects. Briefly, dip-coating consists of six steps: 
preparation (cleaning) of the surface, coating of 
the solution, immersion, withdrawal, drying/
curing, and inspection. Some advantages include 
uniform coating, cost-effectiveness, versatility, 
and scalability. Dip-coating is utilized in various 
applications, including electronics, manufacturing, 
pharmaceuticals, and textiles [12]. This step is 
crucial for enhancing the durability and stability of 
the superhydrophobic coating [13]. Post-treatment 
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Figure 3. Evolution of papers' publication with time, during the last 5 years.

Figure 4. Type of modification process used for the fabrication of superhydrophobic textiles (A) and the 
type of nanomaterial and/or additive used for the superhydrophobic textile manufacturing (B).

steps may also involve chemical modification or 
functionalization of the surface to enhance its 
superhydrophobic properties. This could include 
using silanes or fluorinated compounds to lower 
surface energy and increase water repellency [14].

Figure 4B presents the most used nanomaterials 
and additives for the improvement of the 
superhydrophobicity of textiles and cloths. Silica 
and silane-based treatments were the most 
commonly used, which may be related to the 
non-polar nature of silanes and their weak 
interactions with water molecules. Similarly, 

Poly(dimethylsiloxane) (PDMS) was the second 
most commonly applied treatment. PDMS is 
known for its flexibility, low glass transition 
temperature (typically around -125°C), and high 
thermal stability. It is resistant to heat, water, 
oxidation, and various chemicals, with some of its 
advantages presented in Figure 5B.

Additionally, it offers easy processability and is 
biocompatible. PDMS has numerous applications 
in various fields, including mold making (due to its 
ability to reproduce intricate details and easy mold 
release properties), microfluidics (characterized 
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by transparency, biocompatibility, and ease of 
fabrication), biomedical applications (such as 
catheters, prosthetics, and components in contact 
lenses), lubricants, cosmetics, and food packaging. 
Figure 5C presents some fields of application for 
PDMS and some advantages of the additive.

Finally, other nanomaterials have also been used 
to increase the hydrophobicity of textiles, including 
calcium nanoparticles, metal oxide nanoparticles, 
zinc oxide nanoparticles, and cellulose 
nanocrystals. Additionally, polymeric solutions 
were also identified, highlighting fluorinated 
polymers such as polytetrafluoroethylene and 
poly(perfluorohexyl ethyl acrylate-co-isocyanate 
ethyl methacrylate).

 
Conclusion

This paper showed the main results of a 
systematic review of manufacturing techniques 
used for superhydrophobic textiles and fabrics. 
The results showed that many papers have been 

published in the field over the last 5 years, utilizing 
nanotechnology, and it is expected that more papers 
will be published in the future. Additionally, the 
development of nanotechnology is also expected 
to utilize as-received textiles. The highlighted 
techniques include dip-coating and immersion, 
with some studies using CVD and the sol-gel 
approach. The main filler used was silica or silicate 
treatments, followed by PDMS treatments. PDMS 
is the leading modifier agent used for textiles 
when superhydrophobicity is required, offering 
numerous advantages and applications in various 
industries, including biomedicine, cosmetics, and 
packaging. Future research papers are expected 
to utilize nanotechnology, with a focus on silica, 
silicates, and innovative methodologies.
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Figure 5. Molecule structure of PDMS (A), Advantages of PDMS coating (B), and Applications of 
PDMS in many fields (C).
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