iIScience

Article

¢? CellPress

OPEN ACCESS

Ag/polydopamine-coated textile for enhanced
liquid/liquid mixtures separation and dye removal

Gan Miao,
Fangchao Li,
Zhongshuai Gao,
..., Yuanming
Song, Xiangming
Li, Xiaotao Zhu

rgnlicp@126.com (G.R.)
xiaotao.zhu@ytu.edu.cn (X.Z.)

Highlights

A superhydrophilic/
superoleophobic textile
was fabricated

Both oil/water and oil/oil
mixtures were separated
successfully

Removing dye from water
also achieved

Miao et al., iScience 25,
104213

May 20, 2022 © 2022 The
Authors.
https://doi.org/10.1016/
j.isci.2022.104213



mailto:rgnlicp@126.com
mailto:xiaotao.zhu@ytu.edu.cn
https://doi.org/10.1016/j.isci.2022.104213
https://doi.org/10.1016/j.isci.2022.104213
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2022.104213&domain=pdf

iIScience

¢? CellPress

OPEN ACCESS

Ag/polydopamine-coated textile for enhanced
liquid/liquid mixtures separation and dye removal

Gan Miao," Fangchao Li," Zhongshuai Gao," Ting Xu,' Xiao Miao,” Guina Ren,"* Yuanming Song,’

Xiangming Li," and Xiaotao Zhu'-3*

SUMMARY

Engineering a versatile platform that enables to separate both oil/water and oil/oil
mixtures and remove dye from water is not easy. To address this challenge, we have
developed an Ag/polydopamine-coated textile (Ag/PDA@textile) by chemically
depositing Ag particles on the textile surface using polydopamine as the binder
layer. The obtained Ag/PDA@textile attracts water but repels oil in the air, underwa-
ter, and when immersed into the oil. Exploiting its water-attracting and oil resis-
tance, the Ag/PDA@textile is acted as a separation membrane to separate oil/water
mixtures with enhanced separation efficiency. The Ag/PDA@textile also possesses
opposite wetting behavior to oils with different polarities, allowing it to separate
oil/oil mixtures efficiently. Thanks to the catalytic performance of the Ag particle,
organic dyes can be decomposed effectively by our Ag/PDA@textile under UV illus-
tration or in the presence of NaBH,. Our Ag/PDA@textile may be valuable for appli-
cations in water purification and oil sewage treatment.

INTRODUCTION

The frequency of industrial oil-bearing wastewater, oil spills, and serious water pollution problems have
increased rapidly in recent decades, seriously damaging human health and the ecological environment
(Ge et al.,, 2016; Schrope, 2011; Wang et al., 2015a). Several methods, including flotation, gravity separa-
tion, flocculation, and oil-absorbing materials, have been traditionally applied to separate oil/water mix-
tures, while they are suffering limited selectivity, high energy consumption, low separation efficiency,
and secondary pollution (Gupta et al., 2017; Yu et al., 2017). Designing porous surfaces that have the oppo-
site wetting behavior of oil and water has been proven to be an effective way for the separation of oil/water,
and this idea led to the production of numerous selective wettability membranes (Ma et al., 2016; Peng and
Guo, 2016; Zhang et al., 2019). The superhydrophobic/superoleophilic surfaces (Wei et al., 2020; Yu et al.,
2022), underwater superoleophobic surfaces, and superhydrophilic/superoleophobic surfaces are typically
developed for separating different mixtures of oil/water (Qiu et al., 2020; Sarcletti et al., 2019; Zhang et al.,
2018). Compared to superhydrophobic/superoleophilic surfaces and underwater superoleophobic sur-
faces, superhydrophilic/superoleophobic surfaces are much more suitable for oil/water separation, as
they selectively filter water from oil and are more resistant to oil fouling, which is beneficial for durable sep-
aration efficiency and good recyclability (Dai et al., 2020; Lu et al., 2020; Tang et al., 2016; Yan et al., 2019,
Zhang et al., 2014). However, engineering such a type of superhydrophilic/superoleophobic surface is hard
to achieve, as the water surface tension is distinctly higher than the surface tension of most oils (Drelich and
Chibowski, 2010; Jung and Bhushan, 2009; Wenzel, 1936; Xu et al., 2015). Recently, Yang et al. developed
the air-plasma-triggered transition method to achieve both superhydrophilic and superoleophobic prop-
erties in one surface (Yang et al., 2012). Our group also manufactured a superhydrophilic/superoleophobic
surface by blending a fluorinated segment and a polar hydrophilic segment (Lu et al., 2021). In practical
applications, there are far more mixtures to be separated than just mixtures of oil/water, and separation
of oil/oil mixtures is also an intractable problem (Mai et al., 2020; Tie et al., 2018; Wang et al., 2015b,
2017). Until now, oil/oil mixtures separation has rarely been studied, although oil/water separation has
been extensively evaluated. The difficulty results from the truth that the surface tension difference between
two oily liquids is far less than that between oil and water (Berg et al., 1994; Vogler, 1998). To meet the
growing needs in the field of chemical industry, such as anhydrous heterogeneous chemical reactions,
developing a selective wettability membrane that enables to separate both oil/water and oil/oil mixtures
is highly desirable (Horvath and Rébai, 1994; Nyiredy et al., 1990).
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Figure 1. Surface topography and chemistry analysis of Ag/PDA@textile
(A and B) FESEM photographs of the obtained Ag/PDA@textile at low and high marginations (A1-A3); EDS mapping
image of Ag/PDA@textile surface (B). The scales bar in image b is all 5 pm.

Besides oily wastewater treatment, dye pollution is also an urgent problem to be solved. Nowadays, over
280 thousand tons of dye wastewater are discharged into the environment annually, which leads to serious
environmental pollution (Ai and Zeng, 2013; Tiwari et al., 2013). Owing to the varied chemical and physical
characteristics of water-soluble dyes and water-insoluble oily liquids, one method usually only works for
one of the two contaminants. Therefore, there is an urgent demand for a multifunctional platform that
can achieve oily wastewater treatment and dye wastewater purification. In this study, we have developed
an Ag/PDA@textile by chemically depositing Ag particles on the textile surface using polydopamine as the
binder layer, and it is capable to separate both oil/water and oil/oil mixtures and remove dyes from water.
The obtained Ag/PDA@textile exhibited both water-affinity and oil-repellency in air, displayed superoleo-
phobicity underwater, and resisted oil fouling when immersed into the oil. Utilizing this opposite wettability
for oil and water, the Ag/PDA@textile could act as a separation membrane to filter water from oil selec-
tively, and its slippery oil repellency prevents it from being contaminated by oil. The Ag/PDA@textile
also displays high repellency to low-polar oils but exhibits a great affinity for highly polar oils, enabling
it to separate immiscible oil/oil mixtures with different polarities efficiently. Owing to the catalytic perfor-
mance of the Ag particle (Zheng and Wang, 2012), organic dyes dissolved in water are decomposed effec-
tively by the Ag/PDA@textile under UV illustration, and the dye decomposition can be accelerated signif-
icantly with the help of NaBH,. This work would offer an effective method for liquid/liquid mixtures
separation, wastewater treatment, and water purification.

RESULTS AND DISCUSSIONS

Surface topography and chemistry analysis

Figure 1 shows the SEM images and elemental distribution maps of the Ag/PDA@textile surface. The re-
sulting sample surface is not smooth, and each micro-scale fiber is evenly covered with an Ag layer, as
shown in Figure 1A. High-magnification images show that the Ag layer consists of Ag particles in the range
of 70-230 nm. EDS analysis shows that the nitrogen (N) and silver (Ag) elements are well distributed on the
textile surface (Figure 1B), indicating the successful PDA and Ag deposition; among them, the silver con-
tent s as high as 63.01% (Figure S1), means potential conductivity (Figure S2). After the pristine textile was
modified by PDA, new peaks appeared at 1597 cm ™", 1512 cm ™", and 1152 cm ™" which are ascribed to C=C
stretching vibration, N-H scissoring vibration, and the C-O stretching vibrations, respectively, as shown in
Figure S3A. The band located at 1341 cm™" is ascribed to the phenolic O-H stretching vibration in PDA,
suggesting that PDA has successfully adhered on textile through the self-polymerization of DA (Chen
et al., 2021). Furthermore, compared with the spectrum of PDA@textile, the characteristic peaks at
1341 cm~" and 1152 cm ™" in Ag/PDA@textile were decreased significantly, indicating that redox reactions
reaction between PDA and Ag” successfully consumed the O-H bond (Niyonshuti et al., 2020).

XPS analysis was also developed to study the reaction process between Ag™ and PDA. As shown in Fig-

ure S3B, the surface of the pristine textile exhibits C 1s and O 1s peaks, but Ag/PDA@textile surface shows
two new peaks, namely, N 1s Ag 3days, which are consistent with the EDS analysis results. Figure S3C

2 iScience 25, 104213, May 20, 2022

iScience



iScience ¢? CellPress
OPEN ACCESS

Rapeseed oil
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Figure 2. Wetting behavior analysis of Ag/PDA@textile in the air surrounding

(A-G) Water and oil droplets on the dry (A) and water-wetted (d) Ag/PDA@textile surface after coating with PFOA-Na;
Water droplet can wet the resulting surface completely within 2.3 s (C); Contact angle profiles of rapeseed oil on the dry
(B) and water-wetted (E) surface; The rapeseed oil was moving freely on the textile surface before (F) and after (G) being
wetted by water. The scale bar of images a and d is 3 mm, and the scale bar of images f and g is 1 cm.

presents the high-resolution C 1s spectrum of the pristine textile, which can be deconvoluted into three
peaks designated as the C-C/C-H bond at 284.52 eV, the C-N/C-O bond at 286.24 eV, and the C=0O
bond at 287.42 eV, respectively. As shown in Figure S3D, the binding energies of the C-C/C-H bond,
C-N/C-O bond, and C=0O bond in the high-resolution C 1s spectra of the Ag/PDA@textile are
284.54, 286.42, and 288.12 eV, respectively. The increase in the ratio of C-N and C-O is ascribed to the
-NH-, R-NH; in PDA. In addition, in the Ag 3days spectrum of the Ag/PDA@textile, the peaks for Ag
3days positioned at 368 eV and 374 indicate that Ag™ is successfully reduced (Zhu et al., 2012). The phenom-
enon is caused by the interaction between Ag* and catechol in PDA (Chen et al., 2021). The fluorine
(F) element is also detected on the resulting Ag/PDA@textile surface, and its content is as low as 2.35% (Fig-
ure S1). This decrease in the use of fluorocarbons contributes to environmental protection and cost reduc-
tion (McFarland, 1992).

Wetting behavior in the air surrounding

The Ag/PDA@textile had both superoleophobic and superhydrophilic properties in the air environment,
after coating with PFOA-Na. Oil droplets such as olive oil, rapeseed oil, and engine oil still showed spher-
ical shape on the resulting textile surface with CA values all bigger than 150° and SA values all less than 9°,
as shown in Figure 2A. For example, rapeseed oil with a contact angle of 153.5° (see Figure 2B) could roll
down textiles easily with a slight tilt, as shown in Figure 2F. This superoleophobic fabric also possessed
superhydrophilicity in air. Figure 2C showed that a water droplet was able to wet the fabric surface imme-
diately and completely (less than 2.3 s).

This superhydrophilic/superoleophobicfabric also displayed oil-repellent properties after being wetted by
water. As shown in Figure 2D, the oil contact angle profile was changed significantly, and oil droplets
seemed to be floating on the water-wetted fabric surface with a contact angle of 50.1° (as shown in Fig-
ure 2E). Owing to its extremely strong water affinity, the layer of water around the fabric surface could func-
tion as a lubricant to repel oil (Yong et al., 2017). As shown in Figure 2G, rapeseed oil was moving freely on
the water-wet fabric surface, with the help of the fluidity of the water lubricant.

iScience 25, 104213, May 20, 2022 3
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Figure 3. Wetting behavior analysis of Ag/PDA@textile in the water surrounding

(A and B) The oil-jetting test (A); The chloroform droplet was moving freely on the Ag/PDA@textile surface underwater (B).
For easy observation, the toluene and chloroform were all dyed with oil red. The scale baris 1 cm.

The solid surface total surface energy was comprised of the polar surface energy component (yp s) and the
dispersive surface energy component (yd s), which can be treated independently (Fowkes, 1964; Owens
and Wendt, 1969; Rabinovich and Derjaguin, 1988). For our Ag/PDA@textile, the fluorinated groups could
reduce the yd s composition, resulting in high oil repellency. On the contrary, the hydrophilic COO™ and
Na* increase the yp s component, leading to a strong water affinity. The water-affinity and oil-repellency of
the coating are enhanced when the silver particles increase the surface roughness (see Methods S1 for
details). Consequently, the resulting Ag/PDA@textile shows both superhydrophilic and superoleophobic
properties.

Wetting behavior in the water surrounding

The obtained Ag/PDA@textile exhibited underwater superoleophobicity for all probing oil droplets, with
oil contact angle values all greater than 150° and sliding angle values smaller than 9°. Figure 3A shows that
a jet of toluene can bounce off the surface easily underwater without leaving any trace, which implied that
the oil adhesion force adhesion on the surface was weak. Also, the chloroform droplet was moving freely on
Ag/PDA@textile surface inclined slightly, and it took only 0.8 s to reach the surface end, further demon-
strating the excellent underwater oil repellency of the Ag/PDA@textile, as shown in Figure 3B. When
immersed into water, a hydrated layer was formed around the textile surface, which was able to decrease
the solid-oil interface area and weaken the oil adhesiveness on the surface, resulting in superoleophobic
property underwater (Matsubayashi et al., 2017).

Wetting behavior in oil surrounding

The surface wettability of the Ag/PDA@textile under oil was also studied. Interestingly, the mirror phenom-
enon was observed on the Ag/PDA@textile surface wetted by water when immersed in an oil bath (as
shown in Figure 4A). This is because the water layer around the Ag/PDA@textile surface could serve as a
shield to avoid the oil from penetrating the surface (Larmour et al., 2007). After one day of complete immer-
sion in oil, the water layer was still stable and could repel oil, which enabled the Ag/PDA@textile surface to
be completely clean without any oil penetration when taken out (as shown in Figure 4B). To further study the
strength of this hydrated layer, we tested the contact angle of water in an oil environment (noted as
WCA-O). Figure 4C showed that water droplet could spread on its surface completely within 0.9 s and dis-
played a WCA-O of 0° eventually when contacting the Ag/PDA@textile immersed into the oil. The above
results indicated that the Ag/PDA@textile possessed a higher affinity for water than oily liquids even after
immersion in oil bath, allowing the surface-bound water layer difficulty to be replaced by oil, and thus it
exhibited anti-oil-fouling properties in oil surrounding.

Stability of the Ag/PDA@textile surface

The robustness of the non-wettable surface and durability are crucial for their practical application (Guan
et al., 2020; Han and Gong, 2021; Liu et al., 2017; Zhang et al., 2021). Herein, our created Ag/PDA@textile
surface maintained its oil repellency after more than 30 days of exposure to air, indicating its good long-
term stability. It also possessed mechanical stability. As shown in Figures 5A and 5B, the Ag/PDA@textile
still displayed oil-repellent property after tape-peeling and hand-twisting tests, and oil droplets such as
hexadecane and rapeseed oil were moving freely on the tested surface. A linear abrasion test was then
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Figure 4. Wetting behavior analysis of Ag/PDA@textile in the oil surrounding

(A-C) The mirror phenomenon was observed on the Ag/PDA@textile surface wetted by water when immersed in oil (A);
No dyed oil was left on the water-wetted Ag/PDA@textile surface even after 1 day of complete immersion in oil (B); Water
droplets (colored with MB) can completely wet the surface of Ag/PDA@textile immersed in oil in less than 15 (C). The scale
bar is 50 mm.

conducted to fully investigate the mechanical robustness of the obtained Ag/PDA@textile. Sandpaper was
used as the abradant. The Ag/PDA@textile weighting 100 g was tested to face the sandpaper and then
moved back and forth with the abrasion length of 9 cm (see Figure 5C). The result showed that the rough
surface texture was kept, and oil droplets showed spherical shape on the Ag/PDA@textile even after 10
cycles of abrasion test, as shown in Figure 6. Importantly, the Ag/PDA@textile still displayed superoleopho-
bic to rapeseed oil (with CA more than 140°) even after 30 cycles of abrasion test, as shown in Figure S4.
Owing to its inherent flexibility, the surface roughness of the Ag/PDA@textile was efficiently protected,
when facing mechanical contact and distortion. In addition, the strong adhesion property of PDA molecular
allows the Ag to bond the textile firmly, further improving the mechanical robustness of the Ag/PDA@tex-
tile. Moreover, the Ag/PDA@textile was also tolerant to long-term water immersion. Both the rapeseed oil
contact angle and sliding angle were almost unchanged even after 24 h of full water immersion (see Fig-
ure 5D), and the water-wetted Ag/PDA@textile still showed the slippery oil-repellent properties.

Oil/water separation

The resulting Ag/PDA@textile had both water-affinity and oil-repellency, which allowed it to be a good
choice for oil/water separation. As shown in Figure 7A, when the toluene/water mixture was poured on
the Ag/PDA@textile, the water penetrated the textile and flowed down to the beaker below, but the

60 40
I Contact angle I Sliding angle
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3 401 L25 o
2 =)
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- 2
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O 104
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Figure 5. Stability of the Ag/PDA@textile surface
(A-D) Oil repellency is maintained after tape peeling (A), curling (B), and sandpaper sanding (C) of Ag/PDA@textile; Change of CAs and SAs of oil with water
immersion time (D). Both contact and sliding angle were measured five times; the scale baris 1 cm.
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Figure 6. Surface topography analysis of Ag/PDA@textile after sandpaper sanding
(A and B) FESEM images of the obtained Ag/PDA@textile before (A) and after (B) sandpaper sanding. The scale bar is
T um.

toluene droplets (dyed oil red) remained on the surface of the textile without any penetration. The water
separation rate (namely permeating flux) for the separation membrane was 1502 L m™2 h™" bar™" and it
was changing slightly after 10 cycles of oil-water separation (see Figure S5). Interestingly, the Ag/PDA@tex-
tile can also be applied for separating oil/hot water separation. As shown in Figures 7B and 7C, when the
toluene/hot water (80.5°) mixture was poured onto the textile, hot water passed through the textile quickly,
but the toluene phase was kept in the top glass tube. The separation efficiency for the toluene/hot water
mixture was still as high as 99%. This successful separation of hot water/oil mixture is of great significance to
expand the application fields of our separation membrane and also to improve its durability under harsh
environments (Yan et al., 2015). Thanks to its enhanced oil repellency, residual oil on the textile surface
can be completely removed by simply rinsing with water after oil-water separation. As shown in Figure 7D,
this anti-oil-fouling property of the Ag/PDA@textile enabled it to retain its improved separation efficiency
even after ten cycles of oil/water separation. Besides, even surfactant-stabilized oil-in-water emulsions can
be separated in the same way (as shown in Figure S6).

Oil/oil separation

Compared to the separation of oil/water, oil/oil separation was much more difficult to realize and had been
rarely studied (see Table S1), because the surface tension difference between two oily liquids is far less than
that between oil and water (Berg et al., 1994). Herein, the Ag/PDA@textile displayed opposite wetting
behavior between the oily liquids with low and high polarity (see Figure 8A). This special wetting property
enabled our Ag/PDA@textile to be ideal for oil/oil separation. When the ethylene glycol/rapeseed oil
mixture (denoted as EG/RO) contacted the Ag/PDA@textile surface, as shown in Figure 8B, the highly polar
EG permeates the textile and then collects in the beaker below, while the low polar RO remains above the

- After one cycle - After ten cycles

Separation efficiency(%)

TO/W RO/W HE/W EO/W

Figure 7. Oil/water separation capability of Ag/PDA@textile

(A-D) Ag/PDA@textile was used as separation membranes for separation of oil/water mixture (A); Optical (B) and infrared thermal (C) image of hot water/oil
separation; A slight change in separation efficiency after 10 oil/water separation cycles (D). TO, RO, HE, and EO in Figure 7 represent toluene, rapeseed oil,
hexadecane, and engine oil, respectively. The separation efficiency of each oil-water mixture was calculated five times.

6 iScience 25, 104213, May 20, 2022



iScience

A 160 - . .

140 4
120 +
100

Low-polar liquids High-polar liquids

Contact angle (°)

0 = = s
L L s L

L 1 L L
RO EO DM DIC HEX EG PC FM

8

Separation efficiency(%)
8
o

EG RO PC RO DMSO PE

Figure 8. Oil/oil separation capability of Ag/PDA@textile

¢? CellPress

OPEN ACCESS

(A-C) CAs of the different probing oils (A); Ag/PDA@textile was used as separation membranes for oil/oil separation (B); Oil/oil separation efficiency of
separation membranes (C). EO, EG, PC, DMSO, DIM, PE, DIC, and FM in Figure 8 represent engine oil, ethylene glycol, propylene carbonate, dimethyl
sulfoxide, diiodomethane, petroleum ether, dichloroethane, and formamide, respectively. The separation efficiency of each oil/oil mixture was calculated

five times.

textile surface because it presents an affinity for EG and repellency for RO. There was no visible RO in the
filtered EG phase and the separation efficiency exceeded 99%; even under vigorous mechanical stirring,
the EG/RO mixture can be separated in the same way (Figure S7), indicating successful oil/oil separation.

Based on recent studies, the surface can possess a high-polar-liquids affinity but a low-polarity-liquids
repulsion provided that it has both the large enough yp s and sufficiently little yd S (Fowkes, 1964; Fowkes
et al., 1988; Ge et al.,, 2016). For our Ag/PDA@textile, the fluorinated component minimized the yd S
component, and the hydrophilic group improved the yp s component (see Methods S1 for details). There-
fore, yp s was much larger than yd S, and when the Ag/PDA@textile surface was in contact with the probe
liquid, the polar interaction dominated. Therefore, the Ag/PDA@textile exhibited oleophilic to highly polar
liquids but displayed oleophobic to low polarity liquids. Taking advantage of Ag/PDA@textile opposite
wetting to oils with different polarities, the Ag/PDA@textile can be used for separate immiscible mixtures
of oil/oil with varied polarities, as shown in Figure 8C.

Organic dye removal performance

The emission of dye wastewater leads to severe environmental pollution (Qamar et al., 2021). Herein, the
Ag/PDA@textile could act as an advanced platform for removing dye from water, due to the photocatalytic
performance of the Ag particle (Chen et al., 2010). We choose MB as a tested organic pollutant to explore
the photocatalytic performance of our Ag/PDA@textile. The Ag/PDA@textile was placed in MB aqueous
solution under UV irradiation at room temperature. The color of MB agqueous solution was varying from
blue to clear with the increase of UV irradiation time. UV-vis spectrum analysis demonstrated that the con-
tent of MB was decreasing gradually as the duration of UV exposure increased, and the MB aqueous solu-
tion became clean after 8 h of UV irradiation, as shown in Figure 9A and its inset. Moreover, the analysis of
the removal limits for Ag/PDA@textile has shown that the Ag/PDA@textile could be recycled and reused at
least 20 times with a stable catalytic removal of MB (as shown in Figure S8). With the help of NaBHy, the MB
decomposition by our Ag/PDA@textile can be accelerated significantly. The concentration of MB in the
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Figure 9. The organic dye removal performance of Ag/PDA@textile
(A and B) The color variation and UV-vis spectrum of MB aqueous solution as a function of UV irradiation time (A) and
NaBH, reaction time (B).

water significantly decreases only after 12 min of reaction, leaving clear water eventually, as shown in Fig-
ure 9B. However, the absorbance intensity of MB in water was decreasing slightly even after 30 min reaction
with NaBH,, provided that the Ag/PDA@textile was not added into the MB aqueous solution, implying the
important role of Ag/PDA@textile in the acceleration of MB decomposition.

This accelerated MB decomposition was attributed to the quick electron transfer progress caused by the
synergistic effect between the Ag particles and NaBH, (Xie et al., 2014). Silver nanoparticles were good
photocatalysts under ambient temperature for degrading organic compounds (Chen et al., 2010; Sarina
et al., 2013). The photocatalytic activities of silver nanoparticles were attributed to the localized surface
plasmon resonance (SPR) effect (Garcia, 2011). As reported by Chen and co-workers (Chen et al., 2010),
UV could induce photocurrent on silver nanoparticles; i.e., the UV light could be absorbed by silver nano-
particles, exciting the conduction electrons through the SPR effect. These electrons with high energy could
be captured by oxygen molecules on the surface of silver nanoparticles, resulting in the formation of strong
oxidizing agents such as free radicals of hydroxyl (OH-) and super-oxygen ions (O— 2); meantime, the pos-
itive charges (holes) and/or silver ions would be created on the silver nanoparticles (Akram Shaikh et al.,
2018). Free radicals of OH- and super-oxygen ions (O— 2) could readily oxidize MB into small molecules
of HO and CO,, (Kang et al., 2000; Karthik et al., 2017; Khare et al., 2018; Sahoo et al., 2005; Singh and Me-
hata, 2019; Wu et al., 2010).

The reduction mechanism of MB by NaBH, in the presence of Ag/PDA@textile can be explained by elec-
tron transfer progress. Briefly, the catalytic reduction follows an electrochemical mechanism where the sil-
ver nanoparticles act as redox catalysts through electron relay between MB and BH-4 (Islam et al., 2020;
Sharifetal., 2019). Because of the high surface area of Ag/PDA@textile and the presence of the amino-func-
tional group, BH-4 and MB are first adsorbed on the surface of Ag/PDA@textile. The nucleophilic BH-4 ions
with high electron ejection capacity cathodically polarize the silver nanoparticles on the Ag/PDA@textile
and then the electrophilic dye captures electrons from the electron-rich Ag nanoparticles and is reduced
(the process are shown as following).

nNaBH;—nBH-4 + ne™ + Ag/PDA@textile — e~ + MB— Reduction (Islam et al., 2020; Sharif et al., 2019) It should
be noted that the removal of dyes by our Ag/PDA@textile was not limited to MB, and other dyes dissolved in
water such as Congo red were also able to be removed under UV irradiation or in the presence of NaBH,.

Antibacterial property

The practical use of textiles under humid environments requires them to possess antibacterial properties
(Lee et al., 2018; Xu et al., 2017). Herein, our resulting Ag/PDA@textile displayed antibacterial property,
due to the inherent property of Ag particles (Wang et al., 2014). The antibacterial performance of our
Ag/PDA@textile was evaluated by testing it against common bacteria, Escherichia coli (Gram-negative).
The E. coliwas incubated on the agar plates in the presence of Ag/PDA@textile, and then the growth status
of the colony was analyzed by measuring the density of the colony. As shown in Figure 10A, no colony was
found on the agar plate containing Ag/PDA@textile after incubation for 7 days. While the E. coli without
Ag/PDA@textile was growing well on the agar plate, its colony density was increasing with the incubation
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Figure 10. The antibacterial property of Ag/PDA@textile
(A and B) Optical and microscopic images to show the growth status of E. coli colony in the agar plate covering with
(A) and without (B) Ag/PDA@textile.

time going on (see Figure 10B). These results demonstrated that the Ag/PDA@textile was able to signifi-
cantly inhibit the growth of E. coli, and thus it is hoped to be used in complex conditions.

Conclusions

The Ag/PDA@textile has been developed by chemically depositing Ag particles on the textile surface using
polydopamine as the binder layer. The Ag/PDA@textile displays both superhydrophilicity and superoleo-
phobicity in air and underwater and also exhibits water-attracting and oil-resistance when immersed into
oil bath. The surface wetting property is retained even after a series of mechanical tests as well as long-term
water immersion. Utilizing its opposite surface wetting property between water and oil, Ag/PDA@textile is
applied as a separation membrane to separate oil/water mixtures effectively. Water is permeating through
the membrane and is collected in the container underneath, while oil is retained above the separation
membrane surface. The Ag/PDA@textile also has high repellency to low-polar oils but possesses a strong
affinity to oils with high polarity, which allows it to separate immiscible oil/oil mixtures with different polar-
ities efficiently. Owing to the catalytic performance of the Ag particle, organic dyes dissolved in water are
decomposed effectively by the Ag/PDA@textile under UV illustration or in the presence of NaBH,. Finally,
the Ag/PDA@textile can significantly inhibit the growth of E. coli, because of its antibacterial property.
Considering the simple fabrication and versatility of the Ag/PDA@textile, this study would help meet
the growing needs for liquid waste treatment in the fields of water purification, oily sewage treatment,
clean-up of oil spills, and others.

Limitations of the study

Considering the simple fabrication and versatility of the Ag/PDA@textile (see Table S1), this study would
help meet the growing needs for liquid waste treatment in the fields of water purification, oily sewage
treatment, clean-up of oil spills, and others
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REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, Peptides, and Recombinant Proteins

Dopamine hydrochloride Sigma-Aldrich CSA:62-31-7
Tris(hydroxymethyl)aminomethane Aladdin CSA:77-86-1

Ammonia solution
Silver nitrate

Methylene blue

Sinopharm Chemical Reagent
Sinopharm Chemical Reagent

Sinopharm Chemical Reagent

CSA:1336-21-6
CSA:7761-88-8
CSA:7220-79-3

Glucose Aladdin CSA:604-68-2
Sodium borohydride Sinopharm Chemical Reagent CSA:16940-66-2
perfluorooctanoic acid Sigma-Aldrich CSA:335-67-1
Acetone Sinopharm Chemical Reagent CSA:67-64-1
Alcohol Sinopharm Chemical Reagent CSA:64-17-5
Other

Textiles Local stores

RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by
the lead contact, Xiaotao Zhu (xiaotao.zhu@ytu.edu.cn).

Materials availability
This study did not generate nor use any new or unique reagents.

Data and code availability
® This study did not generate any unique code or data sets.

e All data supporting the finding of this study are available within the paper and its Supplemental informa-
tion files.

® Any additional information required to reanalyze the data reported in this paper is available from the
Lead contact upon request.

® All software’s used in this study are commercially available.

METHOD DETAILS

Materials and chemicals

Tris(hydroxymethyl) aminomethane hydrochloride (Tris, >98.0%) was obtained from Aladdin Chemicals
(Shanghai, China). Dopamine hydrochloride (DA, 98%) and perfluorooctanoic acid (denoted as PFOA)
was acquired from Sigma-Aldrich. Ammonia solution (25-27 wt %), silver nitrate, methylene blue (MB),
and glucose were provided by Sinopharm Chemical Reagent Co., Ltd., China. Sodium borohydride
(NaBH,) was obtained from Fisher Scientific. Sodium perfluorooctanoate (denoted PFOA-Na) with a con-
centration of 1.0 M was fabricated by the reaction of NaOH and PFOA in ethanol. The commercially avail-
able textiles made of cellulose were bought from local stores and ultrasonically cleaned with acetone,
alcohol, and deionized water for 20 min in sequence before use. All reagents related to E. coli (E. coli) cul-
tures were purchased TaKaRa (Dalian, China).

Preparation of PDA@textile

The polydopamine (PDA) deposited textile (PDA@textile) was created by coating the textile with a PDA
layer. Briefly, 120 mg of Tris was dissolved in 100 mL of deionized water to make the solution slightly alkaline
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(pH = 8.5). Then, 50 mg of DA was dispersed in the solution. The textile was immersed in the above solution
under stirring. After 24 h reaction, the PDA@textile was obtained.

Preparation of Ag/PDA@textile

2 mL ammonia solution was dropped into 12 mL silver nitrate solution (0.1 g/mL) to create a transparent
solution, and then the PDA@textile immerse in this solution for 15 min. Subsequently, the textile was trans-
ferred into a 50 mL glucose solution (50 g/L) for about 3 h, which allowed an Ag layer to be deposited on the
PDA/textile surface. Finally, the Ag deposited PDA@textile (denoted as Ag/PDA@textile) was immersed
into 1.0 M PFOA-Na ethanol solution for 5 min and washed with deionized water to achieve a slippery
oil-repellent state.

Characterizations

Contact angle (CA) and sliding angle (SA) were measured at environmental temperature using a Kriiss DSA
100 (Kriss Company, Ltd., Germany) instrument. Scanning electron microscopy images were carried out by
JSM-6701F field-emission scanning electron microscopy (FESEM, JEOL, Japan) equipped with Energy-
dispersive X-ray spectroscopy (EDS). The chemical composition of the original and superoleophobic textile
was detected using the attenuated total reflectance Fourier transform infrared spectrometer (ATR-FTIR,
Nicolet 6700, Thermoelectric Scientific Instruments Corp, USA). The elemental composition of the textile
was systematically characterized using X-ray photoelectron spectroscopy (XPS, AXIS SUPRA). The optical
images were obtained by a digital camera (Nikon). The UV-visible absorption spectroscopy data of MB
were determined by a HITACHI U-3010 UV-vis spectrophotometer. Thermal images were collected, using
an IR Thermal Camera (FLIR Ts-650). The colony morphology was viewed by a microscope (Eclipse 80i,
Nikon, Japan). The optical images were acquired by the digital camera (Nikon).

Separation efficiency analysis

Place the Ag/PDA@textile on a membrane holder between two glass tubes and pour the mixture of oil/oil
and oil/water on top. The separation efficiency of oil/water and oil/oil is obtained by the formula below:

Separation efficiency (%) = M1/M2 x100%

In which My and M, represent the weight of the liquid collected below following the separation and the
original weight of the liquid before the separation, respectively.

Emulsion separation analysis

Tween 80-stabilized toluene in water (O/W) emulsions were prepared (5 wt %), Ag/PDA@textile was used as
a filter module to separate O/W emulsions. Herein, we developed optical microscope analysis to study the
distributed droplets in the O/W feed emulsions and filtrates.

Conductivity testing

Ag/PDA@textile (size: 40 X10 x 1 mm) is used as part of the external circuit in different states, and the
brightness difference of small light bulbs is used to characterize the conductivity of Ag/PDA@textile.

Removal of organic dyes from water

The Ag/PDA@textile (size: 10 X 10 X 1 mm) was used as a catalyst for decomposition MB under UV irradi-
ation at 254 nm, and it was put into 8 mL of MB aqueous solution (20 mg/L) at room temperature. The MB
decomposition can be accelerated by our Ag/PDA@textile by adding 0.5 mL of NaBH,4 aqueous solution
(0.2 mol/L) into the MB aqueous solution. The content of MB in the solution was monitored through the
measurement of the change in absorbance at 665 nm using a UV-Vis spectrophotometer.

Antimicrobial evaluation

The antimicrobial test is performed by typical pathogens, E. coli (Gram-negative). Ag/PDA@textile was cut
into a 3 cm diameter circle. All glassware and membranes for the solution are autoclaved. Briefly, E. coliwas
pre-cultured and diluted in nutritional broth to obtain the needed test inoculum. Then, evenly distribute
0.3 mL of the test inoculum on an agar plate and place the Ag/PDA@textile sample. Petri disshes are
cultured at 37°C for 24 h. The growth state of the colony characterizes the antibacterial effect of Ag/
PDA/textile.
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