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Abstract Cotton fabric can be modified to obtain
additional functionality such as hydrophobic prop-
erty, antibacterial property and flame retardant prop-
erty. The traditional coating method often has adverse
influence on the strength and permeability of cot-
ton fabric. Polyhedral oligomeric silsesquioxanes-
(poly(trifluoroethyl methacrylate)g) copolymer was
modified on the surface of cotton fabric with three-
dimensional (3D) ordered porous structure via the
breath figure. A key factor of solution concentration
was studied to regulate the formation of 3D porous
structure. The morphology and chemical composi-
tion of the modified fabric were characterized. The
hydrophobic and the dynamic hydrophobic property
of the modified fabrics with different copolymer
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concentrations were studied. The self-cleaning prop-
erties, oil/water separation, rubbing durability and
bacterial adsorption on the modified fabrics were
examined. It was showed that the modified fabric had
self-cleaning, oil/water separation capabilities, rub-
bing durability and an effective inhibitory effect on
the biofilm formation of bacteria. In addition, com-
pared to the unmodified fabric, the comfortable capa-
bility and breaking strength of the modified fabric
were investigated.
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Introduction

Cotton fabric becomes one of the most extensively
used textiles due to its softness, comfort and breatha-
bility. However, cotton fabric is easily stained by dirt,
particles, oil and unclean water and thus loses its orig-
inal advantages. Cotton fabric is also easily adhered
by bacteria, molds, and viruses to become a carrier
for disease transmission. Some studies have reported
that the hydrophobic self-cleaning functionalization
of cotton fabric can avoid bacteria adhesion, water
wettability, and dust contamination (Kong et al. 2020;
Li et al. 2015a; Wu et al. 2016). The available meth-
ods for introducing hydrophobic functionality into
textile surfaces include spraying (Fu et al. 2017; Li
et al. 2019; Wang et al. 2014), ultrasound irradiation
(Hao et al. 2013; Yazdanshenas and Shateri-Khalil-
abad 2013), in-situ synthesis (El-Naggar et al. 2018;
Li et al. 2018, 2022a), deposition (Li et al. 2022b; Ou
et al. 2016; Soto et al. 2018), and grafting polymeri-
zation (Castelvetro et al. 2007; Li et al. 2021; Liang
et al. 2016). By these technologies, hydrophobicity
can be effectively modified onto the surfaces of tex-
tiles, which then can be used in some special environ-
ments with new functions. However, a thick coating
on the cotton fabric surface would affect its softness
and breathability, and would lose tensile strength due
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to these modification processes. At present, there are
a lot of studies concerned with multi-functionality on
hydrophobic fabrics with anti-fouling, self-cleaning
and reducing bacterial adsorption to prevent the for-
mation of biofilms, while the original performance
of cotton fabrics could not be maintained. Therefore,
it is necessary to develop a modification method for
cotton fabric that combines both functional property
of coated materials and well-maintained inherent per-
formance of cotton fabrics.

Micro/nano scale honeycomb porous films with the
advantages of uniform pore size and high roughness,
have some applications in separation membranes,
biological materials, micro reactors, hydrophobic
interface and template materials (Chen et al. 2018;
Huang et al. 2020; Sun et al. 2015). Compared with
the common porous structure preparation method, the
breath figure method is a simple, efficient and inex-
pensive method, using water droplet as a template
(Bunz 2006; Chen et al. 2018; Wan et al. 2014; Zhang
et al. 2015). In addition, there is no need to remove
the template during the preparation process. The mor-
phology of the film can be adjusted by controlling
the structure of the polymer, the type of solvent, con-
centration, substrate and film forming factors (Escalé
et al. 2012; Hernandez Guerrero and Stenzel 2012; Li
et al. 2014; Liu et al. 2020; Yang et al. 2022). The
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breath figure method was reported for planar solid
substrates (silicon wafer, glass, mica, ice) (Cong et al.
2012; Li et al. 2017; Yu et al. 2015) and nonplanar
solid substrates (TEM grid, uniform microparticles)
(Bai et al. 2013; Hwangbo et al. 2011; Zhang et al.
2013), and liquid substrates (water, ethyl alcohol, eth-
anol, glycerol) (Li et al. 2015b; Wan et al. 2012; Yin
et al. 2013). Xu et al. used soft substrates such as cot-
ton and polyester fabrics to prepare a porous film for
self-powered sensor devices (Gong et al. 2017; Liu
et al. 2018), which could prepare 3D porous surfaces.

Research has found that a smooth surface cannot
inhibit bacterial adhesion (Yin et al. 2013). There-
fore, it is possible to use a thin film with a rough
surface with porous structure to solve the bacterial
adhesion problem. Shiratori et al. (Manabe et al.
2013) built a porous membrane for the adhesion
of Pseudomonas aeruginosa by the breath figure
method. With the bacterial reproduction test, it was
found that the porous membrane effectively pre-
vented the adhesion and growth of bacteria when
the pore size range was 5-11 pm, and the bacte-
ria was reduced to 0.59%. Tang et al. (Heng et al.
2013) established a porous film with aggregation-
induced luminescence properties. Uterine cancer
cells and liver cancer cells cannot grow and adhere
to the surface of a porous structure. On the contrary,
the planar structure was conducive to cell growth.
The wettability was the main reason that the porous
membrane was not conducive to cell growth (Kong
et al. 2021).

Polyhedral oligomeric silsesquioxane (POSS) with
the nanometer-sized inorganic cores are encompassed
by organic functional groups, which have excellent
thermal and mechanical properties (Foorginezhad
and Zerafat 2019; Raftopoulos and Pielichowski
2016; Zhang et al. 2017). Fluorinated polymers have
superior chemical stability, thermal stability and low
surface energy which play a major role in developing
hydrophobicity and antifouling functional materials.
Based on the advantages of POSS and fluorinated
polymers, fluorine-containing POSS block copoly-
mer can be synthesized, which used as the material
to construct porous film with excellent performance.

Herein, the fluorinated POSS block polymer with
ordered porous structure was loaded onto cotton fab-
ric substrate through the breath figure. The hydro-
phobic properties were obtained from adjusting the
polymer concentration. The surface structure and

chemical constitution of the fabrics were character-
ized. The features of the fabric such as contact angle
and water impact behavior were measured. Adhesion
performance of dirt and bacteria were investigated for
applications as self-cleaning and antifouling mate-
rials. The absorption capacity and reusability of the
hydrophobic fabrics were studied as oil/water sepa-
ration materials. In addition, the rubbing durability,
softness, moisture permeability, dynamic air perme-
ability and breaking strength of the porous fabrics
were evaluated.

Experimental
Materials

Cotton fabrics (Guandong Textile Dyeing Garment
Co., Ltd) were cleaned with deionized water before
the modification. POSS-(PTFEMA); was synthesized
as previous study (Kong et al. 2021). The molecular
weight of the polymer was 13,450 g/mol, and the PDI
was 1.43. Anhydrous ethanol, chloroform (CHCl,),
dodecane were purchased from Sinopharm Chemi-
cal Reagent Co., Ltd. ANOSET®Yellow 4GN dye
and ANOSET® Orange 4GN dye were provided by
Shanghai Anoky Group Co., Ltd. Disperse Red 60
and Disperse Blue 219 were provided by the J&K
Scientific Co., Ltd. E. coli O157:H7 ATCC 43,895
was bought from Shanghai Vita Chemical Reagent
Co., Ltd.

Preparation of porous structure on cotton fabric
surface

The polymer solutions with different concentrations
(10, 30, 60, 90 and 120 mg/mL) were received by dis-
solving POSS-(PTFEMA),; in CHCl,. Cotton fabric
was infused into the solution to completely wet and
put to humidity (90%) atmosphere. When the solvent
was completely evaporated, the porous cotton fabric
was prepared and further characterized.

Oil absorption capacity and reusability

The modified fabric was dried at 50 °C in a vacuum.
The sample was dipped into 20 mL dodecane, and
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subsequently the sample removed from the solution
and weighed. The absorption capacity (C,,) was the
mass of absorbed dodecane (g) per unit mass of dry
modified cotton fabric (g). The C,, was calculated as
follow:

ml —m
Cn(g/g) = —
0

ey

where m;, and m, are the weight of the dried and
absorbed hydrophobic cotton fabric, respectively.
The reusability of the cotton fabric was evaluated by
rinsing the sample with dodecane. Sample was sub-
sequently dried under vacuum at 45 °C and weighed.

Bacterial adsorption

The adsorption of the modified cotton against E. coli
0157:H7 (ATCC43895) were measured consulting to
the literature (Manabe et al. 2013). The bacterial sus-
pension (1 x 10® cells mL™") was placed on the cotton
fabric and cultured for 30 min. The free bacteria were
removed from cotton fabric with phosphate buffer
(PBS). The bacteria were immobilized on cotton
surface with glutaraldehyde solution (2.5%) at 4 °C.
When the glutaraldehyde was removed, the bacteria
were dehydrated with alcohol solution, and then dried
at 37 °C in a vacuum. Additionally, the sample was
treated with bacteria for 30 min, subsequently added
to the solution of PBS (10 mL). The sample was

Fig. 1 a Schematic illustra-
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sonicated for 10 min to disperse the attached bacte-
ria in PBS and serially diluted, and then spotted onto
agar plate. After the plate was incubated at 37 °C for
24 h, the quantity of bacterial colonies was recorded.

Characterization

FTIR spectra (Thermo Is5, Nicolet Instrument Cor-
poration, USA) of cotton and modified cotton fab-
rics were obtained. The morphologies of cotton fab-
ric were scanned by a scanning electron microscope
(SEM) (HITACHI, SU-1510, Japan) after gold sput-
tering. The surface morphology and roughness were
observed through atomic force microscope (AFM)
(Dimension FastScan, Bruker, Germany). The chemi-
cal element characterization of cotton and modified
cotton were carried out by X-ray photoelectron spec-
troscopy (XPS) (Kratos, England). X-ray diffraction
(XRD) curves of cotton fabrics were obtained by an
X-ray diffraction at 4° min~' in the scanning angle
range of 260=10-90° (D2 Phaser, Brucker, Germany).
The contact angles (CA) were tested ten times (PT-
602A, Dong Guan Precise Test Equipment Co., Ltd).
To evaluate the droplet impact, a 12 pL. water droplet
was dropped on the cotton surface or modified cotton
at a height of 40 mm. The surface morphology vari-
ation of the water droplet was taken by high speed
CCD (American Trouble Shooter HR, 10000 FPS).
To test the rubbing durability, the modified fabric and

copol

er/CHC;
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Evaporation of solvent and
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Fig. 2 Surface morphologies of a unmodified cotton fabric, and 3D porous structure on cotton fabrics with different polymer con-
centrations. b 10 mg/mL, ¢ 30 mg/mL, d 60 mg/mL, e 90 mg/mL, f 120 mg/mL

unmodified cotton fabric were fixed onto the stainless
steel column and used as the rubbing partner, respec-
tively. Then, the sample was subjected to a roundtrip
with a distance of 200 mm (one cycle). Breaking
strength was measured with a YG (B) 026D-250
electronic fabric strength tester in accordance with
GB/T 3923-1997. Moisture permeability was quan-
titatively analyzed by taking the fabric to 25 g cal-
cium chloride aqueous solution and monitoring the
total weight in the saturated humidity environment
(YG601H-II). The air permeability was tested on a
YG(B)461E automatic gas permeability tester accord-
ing to GB/5453-1997. Fabric hand properties includ-
ing resilience score and softness score were measured
by the PhabrOmeter Model 3 fabric evaluation system
according to AATCC 202-2012.

Results and discussion
Cotton fabrics with porous surface

The schematic illustration of the porous film on the
fabric surface via breath figure is exhibited in Fig. 1a.
The fabric was dipped into the POSS-(PTFEMA)./
CHCI; solution and dried in a moist atmosphere, and

the solvent volatilized quickly to generate gradient
of temperature. The temperature of the cotton fabric
surface dropped sharply, which caused the congela-
tion of water vapor in the high humidity environ-
ment. As the volatilization—condensation process
continued, a droplet with a diameter in the nanometer
range was formed in the rapid nucleation process.
Then the droplets grew and formed an ordered array.
At the same time, the droplets were covered by the
POSS-(PTFEMA),; solution to separate them from
each other and ensure the uniformity of the droplet
size. Thus, the water droplets served as pattern plates
for the porous structure formation (Fig. 1b) (Zhang
et al. 2015). When the water and solvent completely
volatilized, the regular porous microstructures were
formed on fabric surface.

Characterization of the modified fabrics

The SEM photographs of cotton and the modified
fabrics with different POSS-(PTFEMA)g copolymer
concentrations are shown in Fig. 2. The unmodified
fabric surface was smooth as exhibited in Fig. 2a.
Significant differences on the surfaces were found
between the fabric and modified fabrics. The forma-
tion of the porous structure on the cotton fabric was
more complicated than that on a planar substrate
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Fig. 3 a FTIR and b XRD spectra of the fabric and modified cotton fabric

through the breath figure. In planar substrates (glass
and silicon wafer), 2D porous film was obtained in
a high humidity environment from 1 to 60 mg/mL.
If these conditions were not given, the porous film
could not be prepared or the porous structure would
not be regular.

Compared with glass or silicon wafer, cotton fabric
substrate had 3D morphology. Under the same breath
figure condition, random irregular porous microstruc-
tures were found from O to 60 mg/mL. Also, ordered
porous structures cannot be prepared on the cotton
fabric within the conventional concentration through
breath figure. Compared with the planar substrates,

the 3D architectures of textile surfaces were quite
different such as loose, flexible, largely specific sur-
face area and uneven (Guan et al. 2020). On the other
hand, textile substrates could be wetted by the copol-
ymer solution by dipping into the coating solution. It
was found that the conventional solution concentra-
tion to form porous film on the planar surface was not
suitable for preparing the equivalent on textile sub-
strates. The polymer concentration was clearly impor-
tant attribute to specific surface area of the textile.
Therefore, increase the polymer concentration was a
simple way of conjecture verification.
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Fig.4 a XPS spectra of the unmodified and the modified cotton fabrics. b High resolution C 1 s spectra of the modified cotton fabric
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It could be seen that the honeycomb arrangement
with smaller pore sizes on the cotton fabrics surface
were formed when the concentrations were added
from 60 to 120 mg/mL. At lower concentrations (10
and 30 mg/mL), only irregular patterns were discov-
ered. At 90 mg/mL, ordered porous structures could
be achieved as exhibited in Fig. 2e. The unique fabric
texture features were also ensconced when the copol-
ymer concentration was 120 mg/mL (Fig. 2f). The
pore size was decreased which was mainly ascribed to
the largely increased viscosity. Therefore, the suitable
concentration was 90 mg/mL.

The FTIR and XRD spectra of cotton and modi-
fied cotton are demonstrated in Fig. 3. FTIR spectra
of the cotton and modified cotton are presented in
Fig. 3a. After fabrics were modified with POSS-
(PTFEMA);, the peak of C-F was identified at
1280 cm™'. The peak of Si-O-Si was founded at
1170 cm™!. The C=O0 stretching vibration peak was
appeared at 1760 cm~!. FTIR spectra indicated that
POSS-(PTFEMA); block copolymer was loaded on
cotton surface.

The XRD spectra of fabric and modified fabric
are exhibited in Fig. 3b. The POSS block copolymer
showed a broad peak at 18.9°. The unmodified cot-
ton had diffraction peaks at 14.9°, 16.7°, 22.8° and
34.6° associated with cellulose structure (Kuang et al.
2016; Xie et al. 2009). Compared with the unmodi-
fied cotton fabric, the peaks at 14.9°, 16.7° and 22.8°
were weaker after the coating process. These results
showed that the POSS block copolymer had little
influence on the crystal structure of cotton (Lu et al.

2018), which might be attribute to the low concentra-
tion of the copolymer.

The XPS spectra and high resolution C 1 s spec-
tra of unmodified and modified fabrics are exhib-
ited in Fig. 4. Two peaks of C and O are tested on
the unmodified cotton in Fig. 4a. After modification,
new peaks of Si (3.37%) and F (14.43%) appeared
in the modified fabric, indicating that fabric was
covered with POSS-(PTFEMA),. The high resolu-
tion C 1 s peak demonstrated four distinct peaks at
284.8 eV of C—C and C-H bonds, 286.1 eV of C=0
bonds, 288.2 eV of O—C=0 bonds and 293.2 eV of
C-F bonds for modified cotton fabrics, which further
provided evidence that the fabric was coated by the
POSS block copolymer.

Hydrophobic property of the modified cotton fabrics

The goal of modification had been to render the fabric
hydrophobicity. Figure 5a shows the contact angles
of the modified fabric. The static contact angle on the
unmodified cotton fabric was 0°, indicating that the
unmodified cotton was hydrophilic. After the intro-
duction of POSS block copolymer with the increas-
ing concentrations of 10, 30, 60, 90 and 120 mg/mL,
respectively. The contact angles were 112.8°, 128.2°,
139.5°, 154.0° and 147.2°, respectively. The hydro-
phobic property on the modified fabric was result
from the low surface energy of copolymer and hier-
archically porous structures. The modified cotton fab-
rics contained F and Si elements leading to high con-
tact angle with low surface energy. Surface roughness
was also an important contributor to the wettability of

Fig. 5 a Contact angles
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Fig. 6 AFM images of a unmodified cotton fabric and b modified cotton fabric

cotton fabrics, besides surface chemistry. The water
contact angle on the cotton fabric with 90 mg/mL
POSS block copolymer without breath figure method
was 136.8°. Due to the porous structure enhanced
the surface roughness, the water contact angle was
increased.

The AFM photographs of the cotton are shown
in Fig. 6. The root mean square (RMS) value of the
unmodified cotton with slippery surface was 11.7 nm
(Fig. 6a). However, after modification a clear change
was observed (Fig. 6b). Some rugged pores which
were verified by SEM images in Fig. 2 were detected,
and the RMS value increased to 140.0 nm. A higher

@ Springer

RMS value represented larger roughness. Hence,
the honeycomb structure on the fabric improved the
roughness and further enhanced its hydrophobic per-
formance. When droplets of ANOSET®Yellow 4GN
solution were dripped onto the unmodified cotton fab-
ric surface, the droplets would be quickly absorbed
by the fabric and penetrate into the interior, causing
a dyed spot on the fabric in Fig. 5b. However, the
modified fabric exhibited excellent hydrophobicity
and prevented the entrance of dye droplets into the
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Fig. 7 Droplets morphology changes upon contact with a
unmodified cotton and modified cotton fabrics with different
copolymer concentrations. b 10 mg/mL, ¢ 30 mg/mL, d 60 mg/

interior, retaining the shape of the dye water droplets
as shown in Fig. 5c.

The droplets impact on the fabric surface flows
in two simultaneous yet separate ways, by either

mL, e 90 mg/mL, f 120 mg/mL. g The D(#)/D, values and h
the H(t)/D, variations divided by time of the fabric surface

spreading or penetration, which occur on top and
within the fabric. Figure 7a showed spreading and
penetration processes of a water droplet on hydro-
philic cotton fabric. When the droplet hit the fabric,
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it gradually spread and then immersed into the inte-
rior. At 32 ms, the fabric was completely soaked. As
exhibited in Fig. 7b—f, immersion, spreading, retrac-
tion and oscillation occurred on the porous cotton fab-
rics surface. The water droplet was perfectly spheri-
cal at 0 ms, then it spread rapidly and retracted to its
center. Subsequently, it rose up to a level and vibrated
to the static state. During the whole process, the drop-
let maintained contact intact and had rebounded ten-
dency. With the increase of the hydrophobic property,
the bounce trend of water droplet became obvious
on the modified cotton fabric. Therefore, the impact
behavior could reveal the hydrophobic property.

D(t) was droplet contact diameter after hitting the
surface divided by time, D, was the initial droplet
diameter. H(f) was the maximum height of the drop-
let divided by time after contact with the surface.
As indicated in Fig. 7g, D(t)/D, gradually increased
with time to reach a maximum value and then nearly
remained unchanged, and the droplet almost did not
get smaller after spreading. As for the hydrophobic
surface, D(¢)/D, gradually increased with impact time
and reached a maximum value before decreasing. The
droplet cannot leave the surface after colliding with
the surface, and then the phenomenon of oscillation
occurred.

After the maximum spreading state, the effects of
surface structure on the D(t)/D,, values decreased with
the increased water contact angles. This phenomenon
occurred because viscous forces and interfacial were
important to the spreading of the water droplet. More-
over, changes in surface energy influenced the droplet
evolution on account of the surface structure. Espe-
cially, the D, /D, value slightly increased with the
decreased of contact angle on the surfaces.

From Fig. 7h, it can be found that the H(¢)/D,
value was decreased to O on the hydrophilic cotton
surface with the impact time of about 5 ms. However,
the values of the hydrophobic fabric were fluctuated.
The difference in degree of fluctuation indicated the
difference in the degree of hydrophobicity. The cotton
fabric with the highest water contact angle exhibited
the highest H(¢)/D,, value.

Self-cleaning property of the modified fabrics

Cotton fabrics were easily stained by contaminants.
Once stained, a lot of detergent and water will be
consumed, which will lead to pollution problem.
Hence, the cotton fabrics with self-cleaning prop-
erty were very important. Droplets of water, orange,
milk, pomegranate juice, spinach juice, and cof-
fee were dropped on the fabric surface, respectively.

(a) (b)
Unmodified cotton Modified cotton
2 f
water orange il water orange milk
a—
Spinach juice coffee : :
Pomegranate juice “ Spinach juice coffee
(d)

Fig. 8 a Photographs of different liquid droplets on unmodified fabric surface. b POSS-(PTFEMA ); block copolymer modified fab-
ric surface. ¢ Photographs of the self-cleaning of dye on cotton fabric surface. d Self-cleaning process of modified fabric surface
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The photographs of different liquid droplets on the
unmodified and modified fabrics and self-cleaning
performance are revealed in Fig. 8. The unmodified
fabric surface exhibited hydrophilic property and
was contaminated by the droplets in Fig. 8a. All the
droplets on the modified fabric surface exhibited the
spherical shapes in Fig. 8b. The POSS-(PTFEMA);
block copolymer and porous microstructures can
endow cotton fabrics substrate with hydrophobic
properties. ANOSET® Orange 4GN dye was applied
as pollutant to study the self-cleaning property of the
fabrics in Fig. 8c. The unmodified fabric was fouled
promptly when the water dropped on the dye owe to
good hydrophilic ability, while the modified cotton
had orange spherical droplets attribute to high hydro-
phobic property. In addition, the soil particles was
used as pollutant to demonstrate the self-cleaning
of the modified cotton. As indicated in Fig. 8d, soil
particles were spread, and water was joined onto the
top of the soil particles. The dirt was carried away
and cleared off by droplets due to the weak adhe-
sion, which demonstrated that the modified fabric had
excellent self-cleaning property.

Absorption capacity and reusability of the modified
cotton fabrics

As shown in Fig. 9a—d, dodecane was adsorbed from
the oil/water mix solution by using the modified fab-
ric. Once the modified fabric came in contact with
dodecane that settled on the surface of the water,
dodecane was quickly adsorbed until the solution
became completely transparent without any pollution.
It was obvious that the modified fabric selectively
absorbed dodecane from solution and exhibited good
oil/water separation ability.

For purpose of evaluate the repeatability of the
modified fabric, the fabric was soaked with dodecane
and washed with anhydrous ethanol (Fig. 9e). It was
found that the blue color vanished. Its absorption
capacity (C,,) was estimated after 10 rinsing absorp-
tion cycles (Fig. 9f). The reason for the good absorp-
tion ability could be result from the high surface area
and porosity of the porous structure on cotton fabric.
The C,, value was about 1.6 g/g. In brief, the modi-
fied cotton fabric exhibited remarkable absorptive
capacity, which indicated that it could potentially be
reused.
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(b)

Fig. 10 SEM images of E. coli O157:H7 adsorption on cotton fabrics. a, b Unmodified cotton, ¢, d modified cotton

Table 1 Bacterial count on unmodified and modified cotton
fabrics after different contact times

Samples Contact time Numbers of
(min) bacterial (CFU/ 160
cm?) -
150 . & L]
Unmodified cotton 30 7.5%10 o
60 1.6x108 g 1401
g en
120 1.4x10 S 130}
Modified cotton 30 1.1x107 3]
8
60 3.0x107 g 1201
7 o
120 2.8x10 = 1o}
®
= 100
Bacterial adsorption of the modified cotton fabrics 00 L . . .
0 100 200 300
Textiles with excellent antibacterial property have a Rubbing cycles

wide application prospect. The adsorption of E. coli
Ql 57:H7 on (,jottor'l fat?rlc before an'd after modifica- Fig. 11 Water contact angles on the modified cotton fabric
tion are exhibited in Fig. 10. The biofilms of E. coli after 100, 200 and 300 cycles of rubbing
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Table 2 The comfortable capability and breaking strength of cotton fabric and modified fabric

Sample Softness score Moisture permeability ~ Dynamic air perme-  Breaking strength ~ Breaking
(g m~230 min~") ability (mm sh (Warp) (N) strength
(Weft) (N)
Unmodified cotton 64.85+0.25 9577 +102 158.0+5.0 605+38 48816
Modified cotton 80.02+0.56 8518165 134.7+2.0 637+10 523+9

0157:H7 was formed unmodified on cotton fabric in
Fig. 10a, b. The modified cotton fabric surface showed
less adsorption of E. coli O157:H7 than unmodified
cotton (Fig. 10c, d). The hydrophobic ability of cot-
ton fabric confirmed the bacterial adsorption. Clearly
the E. coli O157:H7 biofilms were only formed on
the hydrophilic fabric surface but not on the modified
sample due to its hydrophobicity.

The bacterial count on unmodified and modi-
fied cotton after different contact times are exhib-
ited in Table 1. The bacterial count on the fabric
after 30 min was 7.5% 107 CFU/cm?, and increased
to 1.4x 108 CFU/cm? after 120 min. In contrast, the
bacterial count on the modified fabric was lower, and
only increased to 2.8 x 10’ CFU/cm? after 120 min.
Thus, the modified cotton fabric could prevent
the bacterial adhesion and the reproduction on the
surface.

Rubbing durability of the modified cotton fabrics

The rubbing durability of the modified fabrics was
investigated, and the contact angles of the modified
cotton fabrics after rubbing treatment were shown in
Fig. 11. The water contact angles of the modified cot-
ton surfaces did not show obvious decrease after 100,
200 and 300 cycles of rubbing.

Comfortable capability and breaking strength of the
modified fabrics

The comparative softness of unmodified and modi-
fied fabric is exhibited in Table 2. Softness is one
of the elements to determine the wear comfort. The
fabric is soft when the softness value is small. The
modified cotton fabric had a larger value (80.02) than
the unmodified fabric (64.85) and thus was slightly
harsher (Kan and Wong 2015).

The moisture permeability of the modified fabric
was also studied. The moisture permeability of fabric

with the porous structure was decreased slightly from
9577 g m™2 30 min~' to 8518 g m~2 30 min~". It cer-
tified that the modified cotton fabric could maintain
the inherent moisture permeability.

The conventional coating method often causes a
thick and solid layer on the fabric surface, which is
deprived of air permeability. The dynamic air per-
meability of the fabric and modified fabrics were
158.0 mm s~! and 134.7 mm s~ !, respectively, which
indicated that the modified fabric still kept high air
permeability (85.3%).

The breaking strength of the modified fabric was
increased compared with unmodified cotton due to
the enhanced intermolecular forces between adjoin
fibers or yarns (Guan et al. 2020). The external force
caused the relative drift among molecular chains was
reduced (Wang and Wang 2009). On the other hand,
the mild coating conditions did not significantly dam-
age the fabric. Therefore, the modified fabric kept the
inherent toughness of the fabrics and enhanced their
breaking strength.

Conclusions

We successfully prepared a porous film of POSS-
(PTFEMA); block copolymer on cotton fabric sur-
face through the breath figure. The three-dimensional
porous structure can be regulated by controlling POSS-
(PTFEMA); concentration. The water contact angle of
hydrophobic fabric modified with the copolymer con-
centration of 90 mg/mL was 154.0°. The static contact
angle and dynamic hydrophobic behavior indicated
that the fabric had achieved superhydrophobic prop-
erties. The modified cotton fabric could remove oil
from a dodecane/water mixture due to its hydropho-
bic property. Furthermore, it demonstrated remarkable
absorptive capacity even after 10 rinsing/absorption
cycles. The modified cotton fabric could prevent con-
taminants from permanently attaching and protect from
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the bacterial adhesion. Thus it could be considered self-
cleaning. In addition, the modified cotton fabric exhib-
ited rubbing durability after 300 cycles of rubbing.
Overall it kept the outstanding inherent performances
of modified fabric such as softness, moisture perme-
ability, dynamic air permeability and high breaking
strength to a large extent.
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