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Abstract Flexible fabrics with excellent photother-

mal conversion performance are highly demanded in

developing smart textiles. This work reports the

deposition of copper sulfide@polydopamine

(CuS@PDA) nanocomposites on the surface of cotton

fabrics. The morphology and structure of CuS@PDA

coated cotton fabrics were characterized by scanning

electron microscopy, transmission electron micro-

scopy, X-ray photoelectron spectroscopy, X-ray

diffraction (XRD) and thermogravimetric analysis.

The mechanism of the deposition and bonding of

CuS@PDA on the surface of cotton fabrics was

discussed. It was found that PDA coating resulted in a

uniform dispersion of CuS@PDA on cotton fabrics

with enhanced bonding fastness between the

nanocomposites and fibrous matrix. Due to the unique

encapsulation structure of CuS@PDA nanocompos-

ites, the coated cotton fabrics were used as efficient

photocatalysts for photodegradation of methylene

blue. In addition, the CuS@PDA coated cotton fabrics

exhibited excellent photothermal conversion and

thermal imaging properties. The photocatalysis and

photothermal conversion performance of CuS@PDA

coated cotton fabrics endows the potential in smart

textile applications.
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Introduction

Semiconductor compounds are promising candidates

for photothermal conversion applications (Zhang et al.

2014; Jia et al. 2015). Among various gold semicon-

ductor compound nanoparticles, copper chalcogenides

(Cu2-xE, E = S, Se, Te) nanoparticles exhibit many

advantages including fine-tuned localized surface

plasmon resonance, broad absorption in the near

infrared (NIR) region, good biocompatibility and

low cost (Zhang et al. 2012; Huang et al. 2017; Bi

et al., 2016). Copper sulfide (CuS) as a member of

copper chalcogenides has drawn increasing attention

due to its numerous copper vacancies in the crystal-

lization process. These copper vacancies can promote

the formation of hole carriers with good mobility,

leading to strong localized surface plasmon resonance

effects ideal for modification treatment (Wang et al.

2020; Zhang et al. 2017a, 2019).

Recently, various CuS based nanocomposites have

been developed to further improve the performance of

CuS with broader applications. Zheng et al. fabricated

CuS nanocomposite hydrogels for chemo-photother-

mal therapy, and the multifunctional drug delivery

system was developed by decorating graphene oxide

and polyethylene glycol on the as-developed CuS

nanocomposites (Zheng et al. 2018). According to Jia

et al. hepatitis B core protein modified CuS exhibited

high efficient photothermal conversion efficiency, and

the modified CuS was used as nano-reactor to recruit

metal ions into the cavity due to the affinity of copper

ions (Jia et al. 2019). CuS-apoferritin was also

fabricated through biomimetic synthesis approach,

and then it was bound with water-soluble near infrared

dye (MBA) to form nanocomposites (CuS-apoferritin-

MBA) with enhanced photothermal conversion effi-

ciency (He et al. 2018). In addition, a series of CuS

nanocomposites were developed, such as CuS@-

nanogel-DOX nanocomposites (Meng et al. 2016),

CuS@Au with a core–shell nanostructure (Lv et al.

2018), CuS@Cu2S@Au nanohybrid composites

(Deng et al. 2017), CuS macroporous polyacrylamide

hydrogel (Sun et al. 2019), magnetic Gd-doping CuS

nanoparticles (Shi et al. 2019) and iron oxide

nanoflowers@CuS hybrids (Curcio et al. 2019). These

CuS nanocomposites were widely used in different

fields including biomedical and energy devices.

Dopamine a functional element of adhesive pro-

teins comprises alkylamine and catechol functional

groups for secondary reactions when adhering on

almost all types of surface (Zhang et al. 2017b;

Oroujeni et al. 2018; Lu et al. 2015; Cao et al. 2018;

Qiu et al. 2018). Dopamine plays the role of template

for functional modification in textile finishing, and it

has been used to modify the surface of textile materials

with enhanced adhesive strength between functional

coating and fibers. According to reported studies,

dopamine was used to modify the textiles including

polyester (PET) fabric (Xu et al. 2013), carbon fiber

(Yan et al. 2015), cotton fabric (Sadi et al. 2019), and

aramid fiber (Sa et al. 2014). The excellent crosslink-

ing and adhesion performance of dopamine is

attributed to its unique catechol structure (Sedõ et al.

2013). Polydopamine (PDA) is widely used as a binder

through covalent binding with some specific substrates

that have amine/thiol groups, or through noncovalent

binding including metal coordination, p-p stacking,

and hydrogen bonding effects. With PDA as the

templates, functional nanocomponents can be immo-

bilized on flexible textiles toward multi-functional

applications (Cheng et al. 2018a, 2019a; Ran et al.

2019a).

The aim of this work is to contribute a strategy of

fabricating CuS@PDA nanocomposites followed by

adhering on textiles. Using cotton fabrics as the model

textiles, CuS@PDA nanocomposites coated cotton

fabrics were fabricated. The coated textiles were

characterized by transmission electron microscope

(TEM), Zeta potential, scanning electron microscopy

(SEM), X-ray photoelectron spectroscopy (XPS),
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X-ray diffraction (XRD), and thermogravimetric

analysis (TG). In addition, photocatalytic perfor-

mance, photothermal conversion and photothermal

imaging of CuS@PDA nanocomposites coated cotton

fabric were evaluated.

Experimental

Materials

Plain cotton fabrics (135 g/m2, 570/10 cm and

280/10 cm for warp and weft density, respectively)

were provided by Wuhan Yudahua Textile Co., Ltd.

Copper chloride dihydrate (CuC12�2H2O), trisodium

citrate (C6H5Na3O7�2H2O), sodium sulfide (Na2-
S�9H2O) and Trizma base were purchased from

Sinopharm Group Chemical Reagent Co., Ltd (Shang-

hai, China). Hydroxytyramine hydrochloride (dopa-

mine hydrochloride) was obtained from Aldrich

Chemical Co. (Milwaukee, USA). 3-Chloro-2-hy-

droxypropyl trimethyl ammonium chloride

(CHPTAC, 65% w/w) was purchased from TCI

Chemical Industry Co. (Tokyo, Japan). All the chem-

icals were in analytic grade and were directly used

without any further purification.

Preparation and fabrication

The preparation and deposition of CuS@PDA

nanocomposites on cotton fabric are shown in Fig. 1.

Firstly, 40 mL of 50 mM Na2S�9H2O was dis-

solved in 500 mL solution of 4 mMCuC12�2H2O, then

0.9 g Na3C6H5O7�2H2O was added into the solution

under magnetic stirring. CuS nanoparticles were

obtained after water bath treatment of the mixture

under 12,000 rpm centrifugation at 80 �C for 30 min.

Secondly, 1 g CuS nanoparticles were dispersed in

the prepared dopamine-Tris solution (2 g/L, pH 8.5)

under magnetic stirring. CuS@PDA nanocomposites

were then obtained after vacuum filtration, drying and

grinding treatment. CuS@PDA nanocomposites with

different weights (0.5 g, 1 g, 1.5 g) were added to

100 mL deionized water under ultrasonic treatment

for 10 min to prepare CuS@PDA suspension with

different concentrations.

Thirdly, cotton fabrics were cleaned by acetone and

deionized water followed by cationic modification by

50 g/L CHPTAC and 36 g/L NaOH mixed solution

under 100% wet condition. The modified cotton fabric

was sealed in a plastic bag for 24 h at room

temperature. After washing and neutralization with

1% acetic acid, the modified cotton fabrics were

immersed in the as-prepared CuS@PDA suspension in

a constant temperature oscillator for 24 h at room

temperature. The as-coated cotton fabrics were then

washed with deionized water followed by vacuum

drying to 60 �C.

Characterization and measurements

Structural studies of CuS@PDA nanocomposites were

obtained from a transmission electron microscopy

(TEM, Tecnai G220S-TWIN, FEI Co., US) at an

accelerating voltage of 15 kV and 200 kV. The zeta

potential of CuS@PDA suspension was obtained by

Zetasizer Nano-ZS90 (Malvern). The surface mor-

phology of fabrics was observed on a scanning

Fig.1 Schematics of the preparation of CuS@PDA coated fabrics
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electron microscope (SEM) (JSM-5600LV, JEOL,

Japan). X-ray photoelectron spectroscopy (XPS) mea-

surements were performed on a PHI 5000C ESCA

system with a Mg Ka source at 14.0 kV and 25 mA

(Perkin-Elmer, America). The crystal structure of

CuS, CuS@PDA nanocomposites and CuS@PDA

coated cotton fabrics was detected by X-Ray diffrac-

tion (XRD) (D/max 2500, Rigaku, Japan) using Cu K

a radiation with the diffraction angle 2h in the range of
10�–80�, at 40 kV and 200 mA. Thermal stability of

fabrics was studied by thermal analyzer (TG, Netzsch

TG209 F1) under N2 atmosphere with the heating rate

of 10 �C/min.

The photocatalytic activities of CuS@PDA coated

cotton fabrics were monitored through the degradation

of Methylene blue (MB) under the irradiation of

visible light. The experimental equipment was pur-

pose-built as described in our previous work (Ran et al.

2019b). In the experiment, MB aqueous solution was

taken out after different time intervals, and its

concentration was calculated by recording its absor-

bance at 665 nm wavelength. The photocatalytic

degradation efficiency of the MB solution was calcu-

lated as follows:

E ¼ Co � C

CO
� 100% ¼ Ao � A

AO
� 100% ð1Þ

where Co and C are the initial and current concentra-

tions of MB solution, respectively. Ao and A are the

initial and current absorbance of MB solution at the

665 nm wavelength, respectively.

To measure the photothermal conversion perfor-

mance with different concentrations (0.5 g/100 mL,

1 g/100 mL and 1.5 g/100 mL) of CuS@PDA

nanocomposites, the fabric samples were hanging to

be irradiated by a laser power (1 W/cm2 power and

808 nm wavelength) from the distance of 20 cm, and

the temperature was recorded by a digital thermome-

ter. The effect of distance was studied by hanging

fabrics at the distances of 10 cm, 20 cm, 30 cm and

40 cm, respectively. The laser power was also

changed to 0.5 W/cm2, 1 W/cm2 and 1.5 W/cm2 to

investigate its effects on the photothermal conversion.

In addition, the cyclic photothermal conversion of the

coated fabrics was also studied, in which the irradi-

ating process was interrupted when the temperature of

fabrics increased to its maximum, and then the

irradiation was resumed once the temperature dropped

to room temperature. The thermal imaging and photo-

induced heating performance of CuS@PDA coated

cotton fabrics were characterized by an Infrared

thermal camera (FLIR ONE Pro), and both the surface

temperature and thermal images were recorded.

Results and discussions

Characterization of PDA-coated CuS

nanoparticles

The morphology of pure CuS nanoparticles and

CuS@PDA nanocomposites were observed by TEM,

as shown in Fig. 2a–c. The pure CuS nanoparticles

show the coral-shaped structure (Fig. 2a). The poly-

merization of dopamine has formed a thin film on CuS

nanoparticles, with PDA in a lighter color while CuS

nanoparticles in a darker color (Fig. 2b). Apparently,

the presence of PDA coating improved the uniform

dispersion of CuS@PDA nanocomposites. It can be

observed from Fig. 2c that the thickness of PDA

coating is approximately 5 nm. The CuS@PDA

nanocomposites exhibit a well-developed core–shell

structure due to the formed thin and adhesive PDA

layer. In Fig. 2d, the zeta potential of the CuS

nanoparticles after PDA coating can be observed at

the point of - 26.47 mV. The negative charges of

CuS@PDA nanocomposites are crucial in maintaining

a stable dispersion in solution and facilitating a

uniform deposition onto the surface of cationized

cotton fabrics.

Characterization of CuS@PDA-coated cotton

fabrics

The surface morphology of the pristine cotton and

CuS@PDA coated cotton fabrics was characterized by

SEM, as shown in Fig. 3. The black CuS particles

were covered on the fabric surface of the fabric,

resulting in the change of color of cotton fabrics from

white to black (Fig. 3a). Moreover, dopamine can self-

polymerize to generate melanin-like (Lin et al. 2014),

which also lead to the fabric turn into black. The

surface of pristine cotton fabrics is smooth surface

with longitudinal convolutions and grooves, as shown

the SEM image in Fig. 3b. After coating CuS@PDA

nanocomposites, the cotton fabric was covered by a

dense film of CuS@PDA nanocomposites, as seen

from the SEM image in Fig. 3c. Detailed view in
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Fig. 3d reveals that the nanocomposites are well

distributed on the surface of fibers. It is evident that

CuS@PDA nanocomposites have successfully depos-

ited on the surface of cotton fabrics without significant

aggregations. Dopamine was used to modify copper

sulfide, which not only increase the active groups on

the surface of copper sulfide, but also produce well-

dispersed CuS@PDA nanoparticles. The strong adhe-

sion of polydopamine can effectively anchor nanopar-

ticles on fiber surface, thus improving the binding

force between nanoparticles and fibers, which is

beneficial to the reutilization of loaded fabrics.

The CuS@PDA nanocomposites have uniformly

deposited on the surface of cotton fabrics, which is

attributed to the presence of PDA. The effects of PDA

on CuS@PDA nanocomposite coating on cotton

fabrics can be classified into the following four

categories: (1) PDA on CuS nanoparticles can inhibits

the agglomeration of the nanoparticles, ensuring a

uniform dispersion on the surface of fabrics; (2)

Polydopamine layer was deposited on the surface of

nanoparticles copper sulfide nanoparticles via poly-

merization, and the ester bond was formed through the

dehydration between the phenolic hydroxyl active

functional groups and hydroxyl groups in glucose-

based macromolecular polysaccharides; (3) The

strong adhesion of PDA itself effectively improves

the fastness between CuS@PDA nanocomposites and

fabrics; (4) The electrostatic effects between nega-

tively charged CuS@PDA nanocomposites with pos-

itively charged cationized fabrics enhance the binding

strength.

The surface element of cotton fabrics before and

after coating were characterized by XPS analysis. As

shown in Fig. 4a, the XPS scanning spectra of both

fabrics exhibit the binding energy (BE) of 284.83 eV

Fig.2 TEM images of CuS nanoparticles (a) and CuS@PDA nanocomposites with different magnififications (b, c); zeta distribution of
CuS@PDA nanocomposites (d)
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and 531.78 eV corresponding to C 1 s and O 1 s,

respectively. A new signal at 401.91 eV of N 1 s due

to the amino groups of dopamine can be observed from

Fig. 4b (Lee et al. 2017; Cheng et al. 2020), suggesting

that the PDA layer has been successfully deposited on

the surface of the cotton fabrics. In Fig. 4c, the high-

resolution XPS spectrum of Cu 2p consists of two

peaks at 932.47 eV and 943.10 eV due to the binding

energy of Cu 2p3/2 electrons of copper, and it contains

another two peaks at 953.50 eV and 961.80 eV

attributing to the binding energy of Cu 2p1/2 electrons

of copper element (Ludwig et al. 2015; Karikalan et al.

2017). In Fig. 4d, the binding energy of S 2p at

168.02 eV can be observed. These results confirm that

both CuS and PDA have deposited on the coated

cotton fabrics.

The crystal structure and preferred crystal orienta-

tion of both CuS@PDA nanocomposites and

CuS@PDA cotton fabric were characterized by the

X-ray diffraction analysis. As shown in Fig. 5a,

CuS@PDA nanoparticles exhibit polycrystalline

structure with obvious high intensity diffraction peaks

at 2h = 28.8� (101), 33.9� (103) and 47.74� (107)

attributing to the lattice planes of the hexagonal phase

of CuS covellite structure (PDF 06–0464) (Li et al.

2013). The other weak diffraction peak at 2h = 59.08�
is also due to the hexagonal phase (116) of CuS (Chaki

et al. 2014). In the XRD pattern of the CuS@PDA

coated cotton fabrics, the observed diffraction peaks

are at 2h = 15.06�, 16.62�, 22.48� and 34.48�, which
can be attributed to (1–10), (110), (200) and (004)

planes of cotton fibers, respectively (Cheng et al.

2018b). In addition, two weak diffraction peaks at

2h = 28.8� and 47.74� are also observed due to the

existence of CuS nanoparticles. The broaden diffrac-

tion peaks in XRD pattern indicate the formation of

CuS@PDA nanocomposites (Gupta et al. 2012).

As shown the TG curves in Fig. 5b, the onset and

endset decomposition temperature for pristine cotton

fabrics is 407 �C and 456 �C, respectively. The weight
residue is 9.32 wt% at 800 �C, suggesting that cotton

fabrics can almost completely decompose. Whereas

the onset and endset decomposition temperature for

coated cotton fabrics is 327 �C and 372 �C, respec-
tively. This may be due to a large amount of

CuS@PDA nanocomposites on the fiber surface to

promote the carbonization of cellulose chain. In

addition, the weight residue is 16.42 wt% at 800 �C,

Fig. 3 Optical photos of cotton fabrics before and after coating (a), and SEM images of cotton fabrics (b) and CuS@PDA coated cotton

fabrics with different magnififications (c, d)
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which can be calculated and deduce the mass fraction

of CuS nanoparticles deposited on the surface of the

cotton was 7.1%.

Photocatalytic activities

The CuS@PDA nanocomposite coated cotton fabrics

can be used to degrade MB under visible light

irradiation. The visible light driven photocatalysis

performance of CuS@PDA coated cotton fabrics is

shown in Fig. 6. In Fig. 6a, the absorption peak of

residual MB aqueous solution at 665 nm decreases

rapidly with the increase in irradiation time, indicating

the effective photocatalysis behavior of CuS@PDA

coated cotton fabrics. When the irradiation time up to

330 min, the absorbance of MB solution has no

obvious absorption peak, which indicates that solution

was almost completely decomposed. The residual

relative concentration of MB solution decreases

gradually with increasing irradiation time as shown

in Fig. 6b. It can be calculated that 97.3% of MB was

degraded after irradiation for 330 min in the presence

of CuS@PDA coated cotton fabrics. According to

reported studies (Lai et al. 2019), CuS nanoparticles

exhibit weak photocatalytic performance, and the

catalytic efficiency is as low as 10% for 90 min

treatment. In this work, polydopamine layer was

deposited on the surface of CuS nanoparticles, thus

improve the well dispersion of CuS nanoparticles.

Followed by the fabrication of CuS@PDA catalyst

with shell-core structure, which can not only increase

the contact area between the catalyst and dye

Fig.4 Wide-scan XPS spectra of pristine cotton and CuS@PDA coated cotton fabrics (a); the high resolution XPS spectra of N 1 s (b),
Cu 2p (c) and S 2p (d)
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molecules, but also improve the energy transfer from

polydopamine to CuS nanoparticles during illumina-

tion, thus effectively promoting the catalytic reaction.

The photocatalytic activity of CuS@PDA coated

cotton fabrics is attributed to the presence of

CuS@PDA nanocomposites on the fiber surface. The

mechanism of photocatalysis of CuS@PDA coated

cotton fabrics in MB photodegradation under visible

light irradiation is proposed in Fig. 7. When

CuS@PDA nanocomposites was irradiated by light

Fig. 5 XRD patterns of CuS@PDA nanocomposites and CuS@PDA cotton fabrics (a); TG curves of cotton fabrics and CuS@PDA

coated cotton fabrics (b)

Fig. 6 UV–vis absorbance spectra of the MB aqueous solution at different times (a); photocatalytic degradation of residual MB

solution by CuS@PDA coated cotton fabrics (b)

Fig. 7 The mechanism of photocatalysis of CuS@PDA coated

cotton fabrics
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with energy greater than the band gap energy,

conduction-band (CB) electrons (e-) and valence-

band (VB) holes (h?) would be generated on its

surface, as shown in Eq.�. The released electrons can

be captured by the adsorbed O2 molecules to produce

superoxide anion radical (�O2
-), and the holes can be

reacted with water molecules to form highly reactive

hydroxyl radicals (�OH), as shown in Eqs.` and ´.

The dyes MB can be degraded into CO2 and H2O by

the generated �O2
- and �OH radicals. Meanwhile, the

holes (h?) can directly react with MB molecules to

produce CO2 and H2O, as shown in Eq.ˆ (Moafi et al.

2011; Wang et al. 2018).

Photothermal conversion

Considering the absorption of CuS@PDA nanocom-

posite materials mainly occur at the near-Infrared

region, the photothermal conversion performance at

the wavelength of 808 nm of the CuS@PDA coated

cotton fabrics was investigated. As shown in Fig. 8a,

the surface temperature of the CuS@PDA coated

cotton fabrics increases quickly with the irradiation of

laser power, and the temperature reaches to its

maximum after 40 s. The power of 0.5 W/cm2 is too

weak to generate photothermal transfer of the fabric,

as the heating curve is not obvious. With the increase

of power, however, the heating rate increases

Fig. 8 The temperature increase-irradiation duration curves of

different irradiation of laser power (0.5–2.0 W power) (a); The
temperature increase-irradiation duration curves of different

irradiation distance (10–40 cm) (b); The temperature increase-

irradiation duration curves of different concentrations of

CuS@PDA nanocomposites (0.5 g/100 mL, 1 g/100 mL and

1.5 g/100 mL) (c); The temperature increase-irradiation dura-

tion curves under cyclic irradiation/non-irradiation (d)
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dramatically, and less time is required to reach to the

maximum temperature. Besides, the higher the laser

power, the higher the surface temperature of the

coated fabrics can reach.

In order to explore the effects of the irradiation

distance on the photothermal conversion, the distance

between 10 and 40 cm were chosen to perform the

experiments in which the wavelength was 808 nm and

the power was 1 W/cm2. As shown the curves in

Fig. 8b, the shorter the irradiation distance, the higher

heating rate and the shorter time required to reach the

maximum temperature. Furthermore, the surface

temperature is evidently higher with the decrease of

the irradiation distance. The rapid heating process can

be mainly attributed to the strong absorbency of CuS

in near infrared region, which can be used as ideal

photothermal conversion materials. After the addition

of copper sulfide modified by dopamine, the loaded

fabric with shell-core structure CuS@PDA nanopar-

ticles exhibit efficient photothermal effects due to

strong near-infrared light absorption, thus rapid heat-

ing process was obtained under the action of small

irradiation power (1 W).

Cotton fabrics coated with different concentrations

(0.5 g/100 mL, 1 g/100 mL and 1.5 g/100 mL) of

CuS@PDA nanocomposites were irradiated at the

distance of 20 cm by 1 W/cm2 808 nm wavelength

laser. As shown in Fig. 8c, the influence of the

concentration is not obvious. This is mainly due to the

transition between CuS energy bands, which lead to

the good absorption in the near infrared region and

photo-thermal conversion efficiency. In addition, PDA

is a melanin-like mimic of mussel adhesive protein

(Cheng et al. 2019b), which can also absorb near

infrared light. Therefore, the surface temperature of

the fabric can quickly reach 60 �C even at a lower

concentration (0.5 g/100 mL).

Cyclic irradiation/non-irradiation experiment was

also carried out to study the stability of the photother-

mal conversion. As shown in Fig. 8d, the CuS@PDA

coated cotton fabrics was irradiated with 1 W/cm2

power at a 20 cm irradiation distance. The tempera-

ture of the coated cotton fabrics after irradiation for

50 s is 71.2 �C. After the termination of irradiation,

the cotton fabrics cool down to the initial temperature

after 2 min. The temperature will rise to 70 �C again

when the laser power is back on, and the heating/cool-

ing process can be repeated (Fig. 8d). The results

indicate that the CuS@PDA coated cotton fabrics

exhibit good photothermal conversion performance

with photothermal stability. The transition between

CuS energy bands provide robust absorption in the

near-infrared region. The CuS@PDA loaded fabric

exhibits efficient photothermal properties when irra-

diated by 808 nm laser. As natural melanin, poly-

dopamine can absorb light in the near-infrared region

and CuS exhibits superior photothermal conversion

efficiency, thus the loaded cotton fabrics have excel-

lent photothermal properties due to the synergistic

effects between CuS nanoparticles and PDA layer.

Photo-induced heating performance

The excellent photothermal conversion performance

of CuS@PDA coated cotton fabrics grants the poten-

tial of the coated fabrics as photothermal device. The

CuS@PDA coated cotton fabrics were sewn on waist

band and glove for thermal therapy applications, as

shown in Fig. 9. It can be seen that after being

irradiated for 40 s, the temperature of the fabric heater

can rise to 62.1 �C and 63.9 �C for the coated fabrics

on the waist band and the glove, respectively. Besides,

within 20 s the temperature of the coated fabrics on the

glove can rapidly rise to 52.4 �C. These experimental

results indicate that the CuS@PDA coated cotton

fabrics are promising candidates for photothermal

therapy devices. The photothermal heating mecha-

nism of coated fabrics can be explained as the

excellent photothermal conversion performance of

CuS@PDA nanoparticles.

Conclusions

In summary, CuS@PDA nanocomposites were suc-

cessfully prepared and deposited on the surface of

cotton fabrics. The coated functional layer was bonded

firmly with cotton fabric substrate owing to the

bonding mechanism of hydrogen bonding, electro-

static effects, and adhesion of dopamine. The struc-

tural characterizations results showed the uniform

dispersion of both CuS nanoparticles and CuS@PDA

nanocomposites. The CuS@PDA nanoparticles

showed core-sheath structure and were evenly depos-

ited on the surface of cotton fabrics. The existence of

the coated CuS@PDA was further confirmed by XPS

analysis and XRD diffraction. The coated cotton

fabrics exhibited high photocatalysis efficiency to
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degrade methylene blue within 330 min. Furthermore,

CuS@PDA coated cotton fabrics showed superior

photothermal conversion performance. Cyclic pho-

tothermal conversion experiment suggested the good

photothermal stability of the coated fabrics.

CuS@PDA coated cotton fabrics were demonstrated

in photo-induced heating applications.
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