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ABSTRACT

Introduction: Occupational exposure to hazardous chemicals has created an urgent need for the
development of protective clothing with both breathability and effective protection. This research aimed
to modify the surface of cotton fabric using a novel composite coating consisting of silica (SiO,) aerogel
and polydimethylsiloxane (PDMS) to achieve breathability, superhydrophobicity, and chemical resistance
simultaneously.

Material and Methods: Cotton fabric samples were coated via immersion in suspensions of PDMS and
PDMS/SiO, composite. The physical, structural, and functional properties of the coated samples (C/PDMS
and C/PDMS/SiO,) and the uncoated control sample (C) were analyzed using FESEM, EDX, XRD, FTIR, air
permeability, tensile strength, water contact angle, and chemical resistance tests against four chemicals
(water, toluene, acetic acid, and dimethylformamide).

Results: Results demonstrated that the PDMS/SiO, composite coating was effectively stabilized on
the fabric surface. The composite-coated sample (C/PDMS/SiO,) achieved superhydrophobicity with a
remarkable contact angle of 168°. Furthermore, the coating resulted in a 60% reduction in air permeability
compared to the uncoated fabric, indicating the formation of a dense protective structure. In terms of
chemical resistance, the composite-coated samples exhibited significant performance improvements.
Acetic acid penetration decreased from 17% to 1%, whereas the absorption capacity for toluene increased
from 12% to 67%, and for dimethylformamide from 17% to 59%. Additionally, the coating led to a notable
enhancement in the fabric’s tensile strength.

Conclusion: The findings of this study reveal that the PDMS/SiO, composite coating holds high potential for
application in protective textiles with multifunctional capabilities, including exceptional water repellency,
improved chemical resistance, and retained breathability.
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1. INTRODUCTION

Occupational exposure to hazardous chemicals
in various industrial sectors has created an urgent
need for developing advanced protective textiles
that offer both effective chemical protection
and adequate breathability for wearer comfort.
Traditional protective materials often face
the challenge of balancing these conflicting
requirements. Cotton fabric, while comfortable
and breathable, lacks inherent chemical resistance
and water repellency. This research addresses
this gap by developing a novel composite coating
system combining silica (SiO,) aerogel and
polydimethylsiloxane (PDMS) to transform
conventional cotton fabric into a high-performance
protective material. The unique properties of silica
aerogel, including high porosity, large surface area,
and exceptional hydrophobicity, combined with
PDMS’s low surface energy and flexibility, offer a
promising approach to creating multifunctional
protective textiles. This study systematically
investigates the surface modification of cotton fabric
through this composite coating approach, with a
comprehensive evaluation of its hydrophobicity,
chemical resistance, and maintenance of essential
textile properties.

2. MATERIAL AND METHODS
2.1 Materials and Coating Preparation

100% cotton fabric (YazdBaf Company) served
as the substrate. Silica aerogel (SiO,, average
pore diameter 20 nm, Amin Bik Company) and
polydimethylsiloxane (PDMS, Sylgard-184, Dow
Corning) with its curing agent were used as coating
materials. Solvents, including isopropyl alcohol
(IPA, Merck), ethanol, toluene, acetic acid, and
dimethylformamide (DMF), were of analytical
grade.

Fabric samples (10 x 15 cm) were initially
cleaned by immersion in ethanol for 20 minutes,
rinsed with distilled water, and dried at 80°C for 30
minutes. The PDMS coating solution was prepared
by mixing 4g PDMS and 0.4g curing agent in 100ml
IPA, followed by 30-minute ultrasonication. For
the PDMS/SiO, composite coating, 4g SiO, aerogel
was added to this mixture. Coating was performed
via immersion for 30 minutes, followed by drying
at 80°C for 5 minutes and final curing at 160°C for
60 minutes.

2.2 Characterization Techniques
Multiple analytical techniques were employed
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to characterize the coated fabrics. Field Emission
Scanning Electron Microscopy (FESEM, MIRA2,
TESCAN) examined surface morphology and
coating distribution. Energy Dispersive X-ray
Spectroscopy (EDX) coupled with FESEM,
determined elemental composition. Fourier-
Transform Infrared Spectroscopy (FTIR, Bruker
Tensor27 and Thermo AVATAR) identified
chemical bonds and functional groups. X-ray
Diffraction (XRD, Philips PW1510) analyzed the
crystalline structure.

Physical properties, including thickness
(digital thickness gauge, SDL), surface density
(EN 12127), air permeability (ASTM D737), and
tensile strength (Instron 5566, ISO 13934-1) were
measured. Water contact angle was determined
using a goniometer (Giga 10-CAG) with 5uL
droplets. Chemical resistance testing followed
Iranian National Standard No. 3237, evaluating
penetration, absorption, and repulsion against
water, toluene, acetic acid, and DME

3. RESULTS AND DISCUSSION
3.1 Coating Deposition and Physical Properties
Gravimetric analysis confirmed successful
coating application, with C/PDMS and C/PDMS/
SiO, showing weight increases of 9.94% and
31.58%, respectively, compared to uncoated fabric.
This substantial increase, particularly for the
composite coating, indicated effective deposition
and adhesion of the coating materials. Physical
property measurements revealed systematic
changes: thickness increased from 0.23 mm
(uncoated) to 0.27 mm (C/PDMS) and 0.45 mm (C/
PDMS/Si0,), while surface density increased from
112 g/m? to 131 g/m? and 170 g/m?, respectively.
These changes demonstrated the formation of a
substantial coating layer that modified the fabric’s
basic characteristics while maintaining textile
integrity.

3.2 Structural and Morphological Characterization

The FESEM images of fabric samples are
presented in Figure 1. FESEM analysis provided
crucial insights into coating morphology.
Uncoated cotton fibers showed characteristic
fibrils and surface grooves, while PDMS-coated
fibers displayed a smooth, continuous polymer
layer that covered surface features. The PDMS/
SiO, composite coating presented a dramatically
different morphology, with spherical, porous
SiO, particles firmly anchored to fiber surfaces
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Fig. 1: FESEM images of: a) Sample C, b) Sample C/PDMS, ¢) Sample C/PDMS/SiO2

Table 1: Air permeability and tensile strength of fabric samples

RET) Al:;i;:/:l;:;lty Tensile strength (N) ‘
C 190 112.74
C/PDMS 162 124.87
C/PDMS/SiO: 76 125.24

and embedded in the PDMS matrix. This created N and 125.24 N, respectively, compared to 112.74
a hierarchical rough structure essential for N for uncoated fabric. This enhancement suggested
superhydrophobicity. EDS analysis confirmed the that the coating acted not only as a protective layer
presence of SiO, in the coated samples, verifying  butalso as a binding agent, improving fiber-to-fiber
the successful incorporation of SiO,. XRD stress transfer.

patterns showed characteristic silica peaks at 28

= 14.78°, 16.43°, 22.75°, and 33.79°, confirming 3.3.2 Superhydrophobic Properties

the crystalline nature of the deposited SiO,. FTIR The water contact angle of different fabric
spectroscopy revealed characteristic absorption samples is indicated in Figure 2. Water contact
bands at 794 cm™! (Si-O-Si symmetric stretching), angle measurements demonstrated remarkable
1258 cm™ (Si-C bending), and 2961 cm™ (C-H hydrophobicity enhancement. Uncoated
stretching), providing chemical evidence of the cotton showed immediate water absorption
successful formation of PDMS and SiO, coatings. (0° effective contact angle), characteristic of its

hydrophilic nature. PDMS coating alone achieved
3.3 Functional Performance Evaluation a contact angle of 148°, representing significant
3.3.1 Air Permeability and Mechanical Properties hydrophobicity due to PDMS’s low surface energy.

Air permeability and tensile strength of fabric The PDMS/SiO, composite coating achieved
samples are shown in Table 1. The air permeability superhydrophobicity with a contact angle of
measurements showed a 14.74% reduction for C/ 168°, approaching the theoretical maximum.
PDMS and a substantial 60% reduction for C/ This exceptional performance resulted from the
PDMS/SiO, compared to uncoated fabric. This combined effect of low surface energy (provided by
decrease resulted from coating materials filling PDMS) and surface roughness (provided by SiO,

inter-fiber spaces and creating a denser structure. aerogel particles). Visual observations confirmed
Although reduced, the maintained air permeability complete water repellency, with water droplets
indicated preserved breathability, which is crucial rolling off the coated surface without absorption.
for wearer comfort. Tensile strength testing

revealed improvements, with C/PDMS and C/ 3.3.3 Chemical Resistance Performance
PDMS/SiO, showing increased strength to 124.87 Chemical resistance testing revealed dramatic
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Fig. 2: Images of water droplet contact angle with a) sample C, b) sample C/PDMS, c) sample C/PDMS/SiO2

improvements in protective performance across
all tested chemicals. Against water, the composite
coating achieved 100% repulsion, compared to
20% penetration and 5% absorption for uncoated
fabric. For toluene (non-polar solvent), penetration
decreased from 24% to 2%, while absorption
increased from 12% to 67%, indicating the
coating’s capacity to trap organic solvents within its
porous structure rather than allowing penetration.
Similar trends were observed for acetic acid, with
penetration reduced from 17% to 1% and absorption
increased to 65%. For dimethylformamide (polar
aprotic solvent), penetration decreased from 17%
to 1.8% while absorption increased to 59%.

The mechanism of chemical protection involves
both barrier function and absorption capability.
The dense PDMS matrix provides a continuous
barrier, while the porous SiO, aerogel structure
offers numerous sites for chemical absorption
and retention. This dual mechanism explains the
significant reduction in penetration coupled with
increased absorption capacity. The variation in
performance across different chemicals relates
to their surface tension, polarity, and molecular
size, influencing their interaction with the coating
components.

4. CONCLUSIONS

This research successfully demonstrates the
development of a multifunctional protective cotton
fabric through surface modification with a PDMS/
SiO, aerogel composite coating. The coating system
creates a hierarchical rough structure that combines
the low surface energy of PDMS with the nano-
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scale porosity and roughness of SiO, aerogel. This
synergy results in exceptional superhydrophobicity
(168° contact angle), significant chemical resistance
against various challenging chemicals, maintained
breathability despite reduced air permeability, and
enhanced mechanical strength. The composite
coating transforms conventional cotton from a
hydrophilic, chemically vulnerable material into
a high-performance protective textile suitable for
applications requiring protection against liquid
chemical exposure while maintaining wearer
comfort. The successful implementation of this
coating strategy opens possibilities for developing
advanced protective textiles for industrial,
medical, and environmental applications where
multifunctional performance is essential.
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