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Abstract Superhydrophobic cotton fabrics with
improved ultraviolet resistance were prepared via
in situ growing NH,-MIL-125(Ti)(Ti-MOF) nanopar-
ticles on cotton fibers and subsequently coating with
polydimethylsiloxane (PDMS) under room tempera-
ture. The synergetic effect of Ti-MOFs nanoparticles
and PDMS was critical and essential for obtaining a
superhydrophobic coating with anti-UV property. The
surface microstructure, chemical composition, and
superhydrophobic property of the as-prepared fabrics
were characterized by K/S value, scanning electron
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microscopy, X-ray photoelectron spectroscopy,
energy dispersive spectroscopy, and water contact
angle (WCA) measurements. The as-prepared cotton
fabrics not merely exhibited desirable superhydropho-
bic property with a water contact angle (WCA) of
154.7 + 0.7° and a sliding angle of 3.6°, but also
displayed the considerable UV resistance. The oil—
water separation, stability of UV protection and
superhydrophobicity were also investigated. The
superhydrophobicity, anti-ultraviolet property, and
K/S value of as-prepared PDMS/Ti-MOFs@cotton
fabrics were stable after 300 cycles of abrasion and 5
cycles of washing. The facile synthesis technique
provided a simple method for scalable construction of
multifunctional fabrics.
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Introduction

Over the past few years, superhydrophobic surfaces
have received considerable attention due to the
increased demands of water-repellent textiles (Zhou
et al. 2019), self-cleaning coatings (Cheng et al. 2019;
Yang et al. 2019a; Zhou et al. 2018), oil-separation
(Chengetal. 2017,2018; Dong et al. 2019) etc. Cotton
fabric has been widely used in daily life due to its
renewability, biodegradability, low cost, and good
mechanical properties. Despite the excellent proper-
ties of cellulose material, some inherent features such
as being hydrophilic and poor resistance to ultraviolet
(UV) radiation inhibited its extensive application in
advanced fields. Consequently, the practical construc-
tion of robust fluorine-free superhydrophobic cotton
fabrics with improved ultraviolet resistance was
highly desirable (Agrawal et al. 2019; Jiang et al.
2019).

Inspired by lotus leaves in nature, rough surface
structure and low surface energy were considered as
the two main characteristics to construct a superhy-
drophobic surface (Liu et al. 2017). In order to produce
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superhydrophobic surface, some nano-materials such
as Si0, (Lahiri et al. 2019), MnO, (Li and Guo 2017),
CuO (Lietal.2012), Ag, TiO, (Chen et al. 2016, 2018;
Yang et al. 2018), ZnO (Yang et al. 2019b), carbon
nanotubes (Emam 2019), fly ash (Khan et al. 2018),
ormosil (Cao et al. 2016), and graphene oxide (Gu
et al. 2019) have been used to increase surface
roughness. As novel multifunctional crystalline
nano-materials, metal-organic frameworks (MOFs)
have been widely used in many areas, such as sensor
(Li et al. 2019), high-capacity adsorbents (Cui et al.
2019), gas separation (Brandt et al. 2019), catalysis
(Xu et al. 2019), etc. Recently, MOFs have been used
for the oil-water separation (Kim et al. 2019; Lei et al.
2018; Mukherjee et al. 2016; Zhu et al. 2017). For
example, Lei et al. (2018) constructed a hydrophobic
ZIF-8/melamine sponge with excellent oil absorption
ability. Miao et al. (2018) developed a self-cleaning
and antibacterial coating by mixed ZIF-8 nanoparti-
cles with polyvinylidene fluoride (PVDF) colloidal
particle suspension and then modified with 1H, 1H,
2H, 2H-perfluorooctyltriethoxysilane. Mao et al.
(2017) have prepared a ZIF-8/reduced graphene-oxide
hydrogel for wastewater remediation via one step self-
assembly strategy. Jayaramulu et al. (2016) have
developed superhydrophobic highly fluorinated gra-
phene oxide/ZIF-8 composites and used for efficient
oil absorption. Li and Guo (2018) fabricated a
stable superhydrophobic F-ZIF-8@XKevlar fabric by
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a facile layer-by-layer hot-pressing (HoP) technology.
Lu et al. (2018) have prepared a multi-functional
cotton fabric with super-hydrophobic, antibacterial,
and UV resistance properties via benign layer-by-layer
(LbL) deposition ZnBDC on the fabric surface.
Although great progress has been made, most of
superhydrophobic materials mentioned above mainly
focused on ZIF-8 MOF materials. However, the
research of multifunctional textiles based on tita-
nium-based MOFs was still rare (Abdelhameed et al.
2017).

Very recently, Emam and Abdelhameed (2017)
revealed anti-UVR textiles with good laundering
durability can be constructed via incorporation of
nano-NH,-MIL-125(Ti) into natural textiles by one-
pot process. So, it is very feasible to construct
multifunctional cotton textiles with superhydropho-
bicity and UV resistance through the combination
nano Ti-MOFs with low surface energy materials.
However, to the best of our knowledge, the immobi-
lization of Ti-MOFs on fabrics to obtain both
stable superhydrophobicity and anti-UVR properties
and maintain its nature properties such as durability,
flexibility, and breathability of cotton textile has not
been thoroughly studied.

Here, as a part of our ongoing studies on the
development of multifunctional textiles (Bu et al.
2018, 2019; Gu et al. 2017; Huang et al. 2019; Mai
et al. 2018), we now present a facile and energy-saving
method to fabricate superhydrophobic cotton textiles
with improved ultraviolet resistance via in situ growing
nano-Ti-MOFs on cotton fibers and subsequently coat-
ing with polydimethylsiloxane (PDMS) under room
temperature. These functional superhydrophobic fabrics
were promising for improved ultraviolet resistance,
efficient oil-water emulsions separation, and effective
self-cleaning. The surface microstructure of the
obtained cotton textiles were investigated by K/S value,
scanning electron microscopy (SEM) coupled to energy
dispersive X-ray spectroscopy (EDS), and X-ray pho-
toelectron spectroscopy (XPS) analysis. The wettability
and anti-UVR effect were studied respectively. The
washing fastness, stability, and self-cleaning application
of the modified cotton textiles were also discussed. This
facile fluorine-free and inexpensive method was easy to
be applied in large scale.

Experimental
Materials

2-aminoterephthalic acid (99%), and Titanium iso-
propoxide (Ti(OiPr),) were obtained from Shanghai
Aladdin Reagent Co., Ltd (China). N,N-dimethylfor-
mamide (DMF), methanol (AR), and ethanol (AR)
were purchased from Sinopharm Chemical Reagent
Co., Ltd (China) and used with received. Poly-
dimethylsiloxane (PDMS) prepolymer (Sylgard
184A) and the curing agent (Sylgard 184B) were
bought from Dow Corning Corporation. Cotton fabric
(plain weave fabric, 107 g/m?) was bought from local
supermarkets and was cleaned with ethanol and
deionized water before for further processing.

Synthesis of Ti-MOFs@fabric

A piece of cotton fabric (5 cm x 5 cm) was soaked in
30 mL of methanol solution containing 1.5 mmol of
titanium isopropoxide. Then the mixture solution was
stirred for 30 min at room temperature. A 12 mL of
DMF solution containing 2-aminoterephthalic acid
(1.2 mmol) was drop-wise added for above mixture
solution. The obtained mixtures were then incubated at
room temperature for 24 h. Afterward, the modified
cotton (Ti-MOFs@cotton) fabric was taken out from
mixtures solution and washed three times with deion-
ized water and dried at 80 °C for 2 h. A various
numbers of complete cycles were performed using the
same procedure to prepare textiles with highly MOFs
content and labelled as (Ti-MOFs)n@cotton fabric,
where n is the deposition numbers.

Preparation of superhydrophobic PDMS/Ti-
MOFs@cotton fabric

The superhydrophobic cotton fabrics were obtained by
soaking the resulted (Ti-MOFs)n@cotton fabric in
THF solution containing 3% PDMS (polydimethyl-
siloxane) pre-polymer and curing agent with a volume
ratio of 10:1 for 5 min and subsequently baking at
80 °C for 3 h. The resulted cotton fabric treated with
different deposition numbers was named as PDMS/
(Ti-MOFs)n@cotton fabric (n = 1, 2, 3), respectively.
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Analyses and measurements

The surface morphologies of pristine and obtained super-
hydrophobic fabrics were characterized with scanning
electron microscopy (SEM, JEOL JSM IT300 A, Japan)
after sputtering gold. Fourier transform infrared (FTIR)
spectra were collected on a FTIR spectrometer (Ten-sor
27, Bruker, Germany) at attenuated total reflectance
(ATR) mode was used to determine the functional groups
of before and after modification samples. X-ray photo-
electron spectroscopy (XPS, Thermo Scientific ESCA-
LAB 250Xi) with a monochromatic Al Ka was used to
determine the chemical composition of before and after
modification samples. The K/S value of different speci-
mens was analyzed using an X-Rite Color 17 bench top
spectrophotometer (X-Rite, USA) based on D65 illumi-
nant and 10° observer. The surface wetting characteristic
of each step of modification samples were estimated by
measuring the water static contact (WCA) angles using a
Dataphysics OCA 30 contact angle system (Dataphysics,
Germany) at room temperature with a 3 plL water droplet
in all measurements. The average values were obtained by
measuring the same sample at least five different positions.
The water sliding angles (WSA) of different samples were
obtained with 10 pL. drops of water according to the
published procedure (Zimmermann et al. 2009).

Ultraviolet resistance of as-obtained PDMS/(Ti-
MOFs)n@cotton fabric was determined by measuring
percentage transmission of UV radiations on UV-vis-
NIR Spectrophotometer (UV-HD 902C) as per
AATCC 18830 standard. The samples were cut into
a circle having a diameter of 5 cm and tested at room
temperature.

Mechanical stability: The mechanical stability of
as-fabricated superhydrophobic cotton sample was
subjected to the scratch test using sandpaper as an
abrasion source. The superhydrophobic fabric with a
length of 10 cm was kept in directly contact with
sandpaper and moved repeatedly with load at 50 g
weight and abrasive speed of approximately 2-8 cm/s.
The WCA and WSA after abrading with sandpaper
were used to determine the mechanical stability.

Laundering durability of superhydrophobic fabrics:
The superhydrophobic fabrics (5 cm x 5 cm) were
washed using 50 mL of sodium dodecanesulfonate
(2.0%, w/w) aqueous solution in a 100 mL of beaker
with stirring (300 rpm, magnetic stirrer) at 30 °C for
10 min. After then, the fabric was rinsed with
deionized water and dried at 60 °C. The wettability
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of the laundered fabrics was examined through the
WCA test.

For the chemical stability test: a piece of modified
cotton fabric was immersed in hydrochloric acid
(pH = 2), saturated NaCl solution (pH = 7), NaOH
solution (pH = 12), and acetone for a few hours,
respectively. After then, the superhydrophobic fabrics
were washed with water and dried in a vacuum oven at
room temperature. For the environmental stability
evaluation, the superhydrophobic fabrics were heated
up to 150 °C for 1 h or cooled at — 196 °C for 2 h.

Oil/water separation test of PDMS/(Ti-MOFs);@-
cotton fabric: A simple device was used for the
continuous oil-water separation, which consisted of
the superhydrophobic fabric bag filled with melamine
sponges, and a peristaltic pump. The whole oil-water
separation process was carried out using n-hexane as
model oil according to our previous work (Bu et al.
2018). The oil-water separation efficiency was calcu-
lated according to the following Eq. (1).

1
Separation effciency = m—O x 100% (1)
m

where m, and m,; represented the added oil mass
initially and the collected oil mass, respectively.

Air flows of pristine and modified fabrics were
measured according to ISO 9237:1995 standard with
the air permeability tester (Wenzhou Darong Textile
Instrument Co., Ltd, China). The handling properties
were measured with the Electronic fabric stiffness
tester (NingboTextile Instrument Co., Ltd, China)
according to GB/T 18318.1-2009.

Results and discussions

Synthesis process of superhydrophobic PDMS/Ti-
MOFs@cotton fabric with improved ultraviolet
resistance

In this work, the colorful superhydrophobic PDMS/Ti-
MOFs@cotton fabric with improved ultraviolet resis-
tance was prepared via two-step simple process. The
whole process was carried out without high reaction
temperature and pressure. The preparation procedure
was explained in Scheme 1. After cotton fabrics were
immersed into a mixture solution of titanium iso-
propoxide and 2-aminoterephthalic acid for 24 h, the
cotton fabric was stained with Ti-MOFs particles. As
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Scheme 1 Schematic
illustration of the procedure
to construct fluorine-free
versatile fabric

seen in Scheme 1, the dyed cotton fabrics exhibited
brilliant yellow colors because of the underlying color
of the deposited Ti-MOFs particles. At the same time,
Ti-MOFs particles coated on the surface of fabric make
the surface rougher by conversion of micro-structured
fiber into micro-/nano-structured fiber surface. Further,
PDMS was used to produce low surface energy and the
superhydrophobic fabric was produce. The synergetic
effect of Ti-MOFs nanoparticles and PDMS was
critical to obtain this superhydrophobic cotton fabric.

Effect of deposition cycles on the K/S value of Ti-
MOFs@cotton fabric

K/S value was often used to compare the color strength
of different samples. The fabric was stained after Ti-
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Fig. 1 Sample photo and K/S value as a function of deposition
times

MOFs nanoparticles depositing on the fiber surface,
which ascribed to the underlying color of the deposited
Ti-MOFs nanoparticles. As displayed in Fig. 1, the
different color fabric can be observed indicated the
deposit with different Ti-MOFs nanoparticles on the
fabric surface. Upon increasing the deposition time
from one to third cycle, the K/S value increased from
3.76 to 7.39, which implied the higher content of Ti-
MOFs goes into the fabric surface. After PDMS
coating, the K/S values of different samples have a
little change, implying that there is no dissolution of
the deposited Ti-MOFs during PDMS coating.

Correspondingly, the water contact angle (WCA) of
the different modified fabric was measured. The water
contact angle treated with different deposition cycles
was 149.7 £ 1.7°, 151.6 & 1.8°, and 154.7 £ 0.7°,
respectively. Based on the above results, the PDMS/
(Ti-MOFs); @cotton fabric was chosen for further
study because it exhibited a higher WCA
(154.7 £ 0.7°) and higher K/S value.

Surface microstructures, morphology
and chemical composition

The surface morphology structure of the pristine and
modified cotton fabrics was characterized by scanning
electron microscopy (SEM). As illustrated in Fig. 2a,
d, the surface of pristine cotton fabric was smooth
without micro/nano-structures. After in situ direct
growth of Ti-MOFs, a lot of particles uniform cover on
the fiber surfaces, as shown in Fig. 2e. After further
treatment the above surface with PDMS, a uniform
film with lots of nanoscale protuberances was
observed on the fiber surface (Fig. 2f). This hierar-
chical micro/nano-structures increase the roughness of

@ Springer
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Fig. 2 SEM images of pristine cotton fabric (a, d), (Ti-MOFs);@cotton fabric (b, e), and PDMS/(Ti-MOFs); @cotton (c, f)

modified fiber surface, which is a crucial factor to
achieve superhydrophobicity. The WCA of the
PDMS/(Ti-MOFs); @cotton fabric is 154.7 + 0.7°,
displaying good superhydrophobicity. The pristine
and Ti-MOFs coated cotton fabrics show hydrophilic.
As control, the water contact angle of cotton fabric
only covering of PDMS film was about 135.47°,
suggesting that the synergistic effect of Ti-MOFs and
PDMS was crucial for the construction of robust
superhydrophobicity.

Then, atomic force microscopy (AFM) was used to
further characterize the surface roughness of Ti-MOFs
and PDMS coated fiber surface. The arithmetic
average roughness (Ra) of the pristine cotton fabric
was 11.5 nm according to the AFM image (Fig. 3a).
The Ra value increased to 38.6 nm after the deposition
of Ti-MOFs nano-particles. Further, after PDMS
modification, the Ra value increased to 51.5 nm
(Fig. 3c), which may be ascribed to the special
cross-linking structure of PDMS (Cao et al. 2016),
suggesting the PDMS/Ti-MOFs coating increased
roughness of the fiber surface. Furthermore, SEM—
EDS analysis was carried out to characterize the
chemical composition of the modified cotton fabric.
Figure 3e demonstrated the fabric surface contains C,
O, Si and Ti elements. The appearance of the Ti and Si
peaks was attributed to Ti-MOFs and PDMS, respec-
tively. The EDS mapping of C, Ti, and Si was
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displayed in Fig. 3d. The EDS mapping clearly
demonstrated that these elements well distributed on
the scanning white square region of PDMS/(Ti-
MOFs); @cotton fabric surface.

The surface chemical composition of cotton fabrics
before and after Ti-MOFs deposition and PDMS
coating were further confirmed by Fourier transform
infrared (FTIR) and X-ray photoelectron spectroscopy
(XPS). As shown in Fig. 4a, for the pristine cotton
fabric, only many strong absorption peaks appear
corresponding to the stretching vibrations of —OH
(3326 cm™'), and C—H (2904 cm™"). After coating
with Ti-MOFs, the appearance of a new strong peak at
773 ecm™ ! attributed to the vibration of O-Ti—O (Dan-
Hardi et al. 2009; Emam and Abdelhameed 2017).
Additionally, two new peaks appeared at 1543 cm ™"
and 1430 cm™! after deposited Ti-MOFs ascribed to
the COO™ vibrational modes from the MOF linker
(Dwyer et al. 2018), demonstrating successful syn-
thesis of Ti-MOFs@cotton fabric.

Electronic structure and chemical composition of
before and after modified fabrics were confirmed by
XPS. As seen in the wide-scan XPS spectrum
(Fig. 5a), two new peaks appear at 399.6 eV, and
458.7 eV corresponding to N 1s, and Ti 2p after
depositing of Ti-MOFs, respectively, indicating the
existence of N and Ti elements. In the wide-scan XPS
spectrum of pristine cotton fabric surface, there are no
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Fig. 3 AFM topography images of the surface of a pristine cotton fabric, b Ti-MOFs@cotton fabric, and ¢ PDMS/(Ti-MOFs); @cotton
fabric, d SEM-EDS mapping of PDMS/(Ti-MOFs); @cotton fabric, e EDS spectra of the PDMS/(Ti-MOFs); @cotton fabric surface

N Is and Ti 2p peak. This proved that the Ti-MOFs has
been deposited on fabric surface. After PDMS coating,
two new peaks were observed at 101.0 (Si 2p) and
153.0 eV (Si 2s) (Fig. 5a), indicating PDMS film has
fully coated on the surface of Ti-MOFs@cotton fabric.
In the Ti 2p core level spectrum (Fig. 5b), symmetric
peaks for Ti 2p 3/2 and Ti 2p 1/2 appeared at 458.9 eV
and 464.9 eV, respectively, which suggests the exis-
tence of a normal state of titanium IV bounded to
oxygen for the titanium-oxo cluster, similar to the
reported data for Ti-MOFs (Wang et al. 2015). The

above results all showed the PDMS/Ti-MOFs has
successful deposited on the fabric surface.

Self-cleaning properties of the superhydrophobic
fabrics

The self-cleaning properties of the as-prepared PDMS/
(Ti-MOFs); @cotton fabrics were examined with red
dyes powder as model contaminant (Fig. S1). In the
process of self-cleaning, we can see that the red dye
powder can be immediately dissolved by water drop
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Fig. 4 FTIR of a pristine cotton fabric, b (Ti-MOFs); @cotton
fabric, ¢ PDMS/(Ti-MOFs);@cotton fabric, and d Ti-MOFs
powder

and rolled away from the superhydrophobic fabric
surface without no residue. This observation con-
firmed that PDMS/(Ti-MOFs); @cotton fabrics shows
good self-cleaning performance.

Continuous oil-water separation process
of superhydrophobic fabrics

We built up a simple continuous oil-water separation
apparatus via combining the robust superhydrophobic
PDMS/(Ti-MOFs); @cotton fabric with three-dimen-
sional porous sponges, as illustrated in Fig. 6. N-Hexane
(dyed with oil red O) was selected as the oil target to

study continuous separation of oil-water mixture.
Figure 6a—c shows the continuous separation process
under the assistance of peristaltic pump. When the
superhydrophobic fabric bag filled with melamine
sponge came into contact with the oil slick, the oil was
absorbed into the superhydrophobic fabric bag and
rapidly removed from the water surface. No visible
water droplets were observed in the recovered hexane
(Fig. 6¢). After 10 cycles, the separation efficiency was
still as high as more than 98.5%, demonstrating an
excellent separation performance of this superhy-
drophobic fabric bag (Fig. 6d). To further evaluate the
separation efficiency of the superhydrophobic oil
absorption bag, different oils such as methyl silicone
oil, vegetable oil, and gasoline were used to carry out
this process. As shown in Fig. 6e, the oil absorption bag
exhibited excellent adsorption capacity for various oils.

In additional, the superhydrophobic fabric could also
separate surfactant-free oil/water emulsions (Fig. 7).
The emulsion was prepared by mixing n-hexane (dyed
with oil red) and water in a volume ratio of 1:9 under
intensively ultrasonic dispersed for 2 h. The PDMS/(Ti-
MOFs); @cotton fabric with wrapped sponges was put
into the above emulsion. During the separation process,
the red color of the oil-water emulsions gradually
disappeared, and the solution finally became transpar-
ent. These results indicated that the n-hexane dispersed
in the water had been selectively absorbed by the
superhydrophobic PDMS/(Ti-MOFs);@cotton fabric.
In addition, as shown in Fig. 7a, c, light microscopy

a b
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Fig. 5 a The full wide-scan XPS spectrum of pristine cotton fabric, (Ti-MOFs);@cotton fabric, and PDMS/(Ti-MOFs);@cotton

fabric. b The high resolution Ti 2p spectrum of (Ti-MOFs); @fabric
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Fig. 6 Photographs of the continuous absorption (a—c) process
of oil-water mixture (n-hexane dyed with oil red O) from water
by using the superhydrophobic PDMS/(Ti-MOFs);@cotton

Fig. 7 Optical microscopy
images of the emulsion
before (a) and after (c) oil
removal by the
superhydrophobic PDMS/
(Ti-MOFs); @cotton fabric,
optical image of before and
after separation (b)

image showed that there were almost no oil droplets left
after separation, indicating that the surfactant-free oil/
water emulsions were successfully separated by the
PDMS/(Ti-MOFs); @cotton fabric. This result demon-
strated the promising industrial prospects of PDMS/(Ti-
MOFs); @cotton fabric for marine oil spills separations.

Durable anti-ultraviolet properties
of superhydrophobic PDMS/(Ti-MOFs); @cotton
fabric

The improvement of anti-UV performance of cotton
fabrics has been a subject of concern in textile industry.
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fabric. d The separation efficiencies for selective absorption of
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efficiency for different oils e

oil/water water

UV protection factor (UPF) was a significant param-
eter to measure the UV resistance for the functional
textiles. The UV transmittance and UPF values spectra
before and after modified are displayed in Fig. 8a, b.
The UPF value of pristine cotton fabric was 7.2, while
the UPF value of Ti-MOFs coated cotton fabric
increased to 32.8, suggesting that the Ti-MOFs
improved the UV-blocking ability of the cotton fabric.

The durability of UV resistance against washing
and abrasion was studied. The UVA, UVB, and UPF
were all measured for the as-prepared superhydropho-
bic cotton fabric after five washing cycles and 300
abrasion cycles. All the treated samples after washing

@ Springer
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Fig. 8 UV protection property of pristine cotton fabric, PDMS/(Ti-MOFs); @cotton fabrics, and after different cycle abrasion a UV
transmittance spectra, b UPF values and UVA&UVB transmittance

and abrasion kept good UV-blocking properties
(higher UPF value and lower UVA/UVB transmit-
tance) (Fig. 8). From the Fig. 8, we can see that the as-
prepared fabric displayed very good blocking effect
with UPF value of 26.7 even after 300 cycles of
abrasion. In addition, the as-prepared samples exhib-
ited slightly reduction in UVR blocking property after
five washing cycles (Fig. S2). These findings suggest
that such a UV-resistant superhydrophobic PDMS/
(Ti-MOFs); @cotton fabric had good abrasion resis-
tant and laundering durability.

In addition, the K/S values of different samples
after washing and abrasion were further used to
evaluate the durability of colorful superhydrophobic
PDMS/Ti-MOFs@cotton fabrics. As can be seen from
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Fig. 9a, the K/S value was still keep 4.51 after 300
cycles of abrasion. At the same time, the K/S value
was still keep 3.39 after 5 cycles of washing (Fig. S3).
This demonstrated that binding of Ti-MOFs to fabric
was stable. At the same time, the K/S value was also
tested after the modified fabric treated in different
harsh conditions. As seen in Fig. 9b, except for the
sample treated with pH = 12, the K/S value of all the
tests keep good color depth.

Superhydrophobic stability of PDMS/(Ti-
MOFs); @cotton fabric

The stability of the colorful superhydrophobic cotton
fabric by examining the changes of water contact

11

before
pristine treatment pH=2 pH=5 pH=12 T=-200C T=150TC

[
=
T

pristine  pristine
superhydrophobic

pH=2  pH=5 pH=12 T=-200C T=150C

Fig. 9 K/S value of PDMS/(Ti-MOFs); @cotton fabric before and after different treatment
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Table 1 The WCAs and
WSAs of the PDMS/(Ti-

Treatments

Water contact angles (°) Water sliding angles (°)

MOFs);@cotton fabric after
various treatments

Before treatment

In HCI solution (pH 2) for 12 h

In NaCl solution (pH 7) for 12 h

In NaOH solution (pH 12) for 12 h

At 150 °C for 1 h

In liquid nitrogen (— 196 °C) for 2 h

154.7 £ 0.7 3.6 £0.2
150.6 = 1.3 69+ 0.2
1512 £ 1.7 64 £ 0.5
144.1 £ 2.5 82+03
151.9 £ 2.5 62 +£0.2
151.1 £ 1.1 6.6 £04
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Fig. 10 Water contact angles and sliding angles of PDMS/(Ti-
MOFs);@cotton fabric after against laundering (a), and
abrasion (b). The inset show the surface structure of the
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PDMS/(Ti-MOFs);@cotton fabrics after being washing for 6
cycles and abrasion for 300 cycles, respectively

Table 2 Physical Property

Pristine cotton

(Ti-MOFs); @cotton  PDMS/(Ti-MOFs); @cotton

properties of the pristine fabric fabric fabric
and modified cotton fabric
Air permeability (cm sTh 3667 29.43 30.49
Bending length (cm) 2.373 1.878 2.180
Bending rigidity (CN cm) 356.94 300.68 369.66

angle against washing and abrasion. As shown in
Table 1, after immersing the superhydrophobic
PDMS/(Ti-MOFs); @cotton fabric into HCI (pH = 2),
NaCl solution (saturated), and NaOH solution (pH =
12), as well as immersing the fabric in liquid nitrogen,
and heated it up to 150 °C for 1 h or frozen at
— 196 °C for 2 h, respectively, except for NaOH, the
WCAs of all the tests were still over 150°, demon-
strating good stability in harsh conditions. In addition,
the mechanical stability of superhydrophobic PDMS/
(Ti-MOFs); @cotton fabric for abrasion was tested.
After the 300 cycles of abrasion (Fig. 10), the fabric

can still keep a WCA of 148.27 £ 0.64°, showing
good wear resistance. After laundering for 6 cycles,
the WCA shows a slight decrease and the sliding angle
is 5.53 £ 0.25°. Furthermore, it was found that rough
surface topology structure of the PDMS/(Ti-
MOFs);@cotton fabric was retained after being
repeatedly washing (inset of Fig. 10a) or scratched
(inset of Fig. 10b), which was essential for the
durability of the superhydrophobic fabric. All these
results indicated that the as-prepared fabrics show
excellent durability of superhydrophobicity and UV
resistance. These may be attributed to that the strong
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covalent bond between the polymer PDMS and the
fabric (Deng et al. 2014; Zhou et al. 2012).

On the other hand, the physical properties of
pristine cotton fabric and the PDMS/(Ti-MOFs); @-
cotton fabric were also investigated. As seen in
Table 2, the air permeability for the modified super-
hydrophobic textiles was slightly lower (30.49 cm/s)
than the pristine fabric (about 36.67 cm/s), suggesting
the coating treatment has a slight influence for the
transparency of fabrics. It is evident that the value of
bending length and rigidity slightly increased after
treatment, displaying the treatment had little influence
on the handling properties of the fabric.

Conclusion

In conclusion, the cotton fabrics with durable super-
hydrophobicity and ultraviolet resistance properties
have been successfully prepared by one-pot directly
depositing TiMOF nanoparticles on cotton fabric
surfaces and by further hydrophobic treatment with
PDMS coating under room temperature without high
reaction temperature and pressure. The superhy-
drophobic PDMS/(Ti-MOFs);@cotton fabric showed
excellent mechanical and environmental stability and
exhibited self-cleaning and selectively oil-water sep-
aration. Moreover, the superhydrophobic cotton fabric
exhibited very good UVR protection and had good
durability against washing and abrasion with UPF =
26.7-32.8. In addition, the versatility of as-prepared
cotton fabrics was stable in harsh conditions. Further-
more, the superhydrophobic coating has no or negli-
gible adverse effect on the important textile physical
properties of the cotton fabric, such as the air
permeability, and flexibility. The PDMS/(Ti-
MOFs); @cotton fabrics were highly efficient in oil-
water separation for various oil-water mixtures. The
method was simple, and low chemical consumption
and can also be in a large scale. We believed that these
durable multifunctional PDMS/(Ti-MOFs);@cotton
fabric could be utilized in outdoor protect field from
solar radiation and rains.
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