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Abstract
In this work, visible light response CeO2/CdS decorated cotton fabrics as durable and facile recyclable
composite photocatalysts were fabricated for photo-degradation of methylene blue (MB). First of all,
amino-functionalized CeO2/CdS nanoparticles were synthesized through a fast, e�cient and low-cost
coprecipitation method. Subsequently, the as-prepared CeO2/CdS nanoparticles were immobilized on
aldehyde-functionalized cotton fabric surfaces as composite photocatalysts via "amine-aldehyde"
chemical reaction. The surface microstructure and chemical composition of the CeO2/CdS decorated
cotton fabric (CeO2/CdS-CF) were characterized by SEM, FTIR and XPS, respectively. The results showed
that CeO2/CdS nanoparticles were successfully anchored on the surface of cotton fabric, and distributed
uniformly. As expected, the as-prepared CeO2/CdS-CF exhibited excellent photocatalytic activity, which
can degrade MB within 90 min with a degradation e�ciency of 93.8% under simulated sunlight
irradiation, due to the CeO2/CdS heterostructure with the e�cient photo-generated charge transfer and
separation. In addition, the degradation e�ciency remained above 90.3% after �ve successive
degradation cycles, indicating that the obtained CeO2/CdS-CF possessed excellent stability and
recyclability. This work opened up a facile preparation way for the fabrication of durable and recyclable
composite photocatalysts, and has a promising application in treating dye contaminated wastewater.

1. Introduction
Recently, e�uent water containing dyes from textile, leather, paint, plastic and other manufacturing
processes is viewed as a major source of water environmental contamination.(Kant et al. 2014) As one of
the dyes, methylene blue (MB) is extensively employed in the above mentioned industrial processes. It is
considered to be a major harmful organic pollutant in water environment, resulting from its toxicity,
carcinogenicity, mutagenicity and non-biodegradability.(Haque et al. 2011; Zirak et al. 2017) To date,
numerous treatment technologies have been developed to removal of MB, such as physical adsorption,
chemical coagulation, chemical oxidation, biodegradation et al.(Silva et al. 2018; Talaiekhozani et al.
2017; Yang et al. 2021) Among them, photocatalysis technology is viewed as a promising way to removal
of MB from wastewater, because of its advantages of no secondary pollution, high e�ciency, low cost
and safety.(Gole and Priya 2017; Long et al. 2020; Shen et al. 2010; Yang et al. 2016) So far, many
researchers have developed different semiconductor-based photocatalysts for removal of MB from
wastewater, because such photocatalysts can directly use sunlight to promote the decomposition of
pollutants.(Huang et al. 2013; Kumar et al. 2021; Ma et al. 2021)

Among various traditional photocatalysts, ceric oxide (CeO2) has been extensively utilized for dye
wastewater remediation, owing to its high chemical stability, strong oxygen storage capacity, high
stability against photo-corrosion and low cost.(Liu et al. 2014; Liu et al. 2016; Mena et al. 2017) However,
CeO2 also faced to some limitations, such as easy recombination of electron holes and only photo-
response in the ultraviolet region because of its wide band gap of 3.2 eV.(Ma et al. 2019) To overcome
these disadvantages, numerous researches have been developed.(Deng et al. 2015; Ye et al. 2019) So far,
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construction of heterostructures by incorporating two or more semiconductor materials with CeO2 is
viewed as one of the most effective method to improve visible light photocatalytic activity of CeO2.(Jiang
et al. 2009; Lu et al. 2020; Lv et al. 2017) The reason can be attributed to synergistic effects among
various semiconductor materials, improvement of visible light utilization and e�cient charge separation.

Cadmium sul�de (CdS) is one of the relatively inexpensive semiconductors(Bai et al. 2020), which has
received considerable attention due to its preeminent visible-light response and excellent photocatalytic
performance.(Cao et al. 2021; Qian et al. 2020) Moreover, lots of papers reported utilization of CdS to
photo-degradation of MB.(Feng et al. 2020; Gobinath et al. 2020; Kumar et al. 2014) However, the CdS
easily suffers from the photo-corrosion in the application. It found that fabrication heterojunctions of CdS
with other materials can reduce photo-corrosion and realize better degradation performance. Fortunately,
numerous studies demonstrated that CeO2 coupled with CdS could signi�cantly improve the
photocatalytic e�ciency of CeO2 and alleviate photo-corrosion of CdS, due to matching band structure
between CeO2 and CdS. For this reason, a series of CeO2/CdS heterostructure as highly e�cient
photocatalysts have been prepared via various methods. For example, Lu’s group directly grew CeO2/CdS
heterostructure spheres on a tin �uoride doped substrate by aqueous solution electrodeposition, showing
excellent photocatalytic activity in hydrogen production.(Lu et al. 2011) Another example, You and co-
workers prepared CeO2/CdS composite with effective contact through the two-step hydrothermal method,
which has highly effective visible light driving photocatalytic activity, and found that photogenic carrier
plays an important role in photoluminescence devices.(You et al. 2016) Meanwhile, Channei et al.
prepared CeO2/CdS nanocomposites via high temperature calcination, which exhibited the satisfactory
photocatalytic performance for degradation of MB.(Channei et al. 2019) Additionally, Ijaz et al. prepared
CeO2/CdS as a core/shell composite through two-step chemical method, and performed photocatalytic
reduction of CO2 under visible light irradiation with good results.(Ijaz et al. 2016) Nevertheless, current
CeO2/CdS semiconductor photocatalysts suffer from high energy consumption and cumbersome
preparation processing. Hence, fabrication of CeO2/CdS with a simple route is highly desirable.

Noteworthily, until now, CeO2/CdS nanoparticles are mainly utilized based on powder form, which are very
easy to agglomerate, resulting in serious reduction of their photocatalytic activity. Meanwhile, the powder
form is not conducive to recycling, which may cause waste and secondary pollution in practical
application.(Ran et al. 2019; Zhou et al. 2020) To address these issues, photocatalyst powders are
usually immobilized on the substrate surfaces.(Abid et al. 2017; Kim et al. 2018; Wang et al. 2015; Zhang
et al. 2019) Among them, cotton fabric has been widely employed as the substrate to immobilize
nanoparticles due to its advantages of high strength, large speci�c surface area, high porosity,
controllable structure, good air permeability, good heat resistance, low cost and good biodegradability.
(Guan et al. 2019; Tomšič et al. 2017; Yu et al. 2019) Moreover, cotton fabric is easy to be modi�ed due to
its rich active ingredients.(Hebeish et al. 2014) For example, in our previous work, Ag/AgCl@CeO2

nanoparticles were grafted on the cotton fabric surface via robust chemical bonds, then, the
Ag/AgCl@CeO2 modi�ed cotton fabric presented highly e�cient and durable features for
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photodegradation of various synthetic dyes under visible light irradiation.(Guan et al. 2020) Inspiration
from this work, CeO2/CdS would be anchored on the cotton fabric surface via the robust chemical bonds,
the resulting composite photocatalyst with high photocatalytic activity onto dyes and with outstanding
recyclable property is expected.

In this study, the aim is to prepare a highly e�cient and facile recyclable CeO2/CdS composite
photocatalyst for degradation of MB under visible light irradiation. First of all, CeO2/CdS is prepared via
facile coprecipitation method at room temperature. Then, the amino functionalized CeO2/CdS
nanoparticles are immobilized on the aldehyde functionalized cotton fabric surface via "amine-aldehyde"
chemical reaction (Scheme 1). Next, the surface microstructure and chemical composition of the
CeO2/CdS decorated cotton fabric (CeO2/CdS-CF) are characterized by scanning electron microscope
(SEM), fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS),
respectively. Further, the photocatalytic activity and recyclability of CeO2/CdS-CF toward MB are
investigated in detail. Moreover, the effect of pH value on the photo-degradation performance of
CeO2/CdS-CF toward MB is studied as well. Finally, the possible mechanism of photo-degradation MB of
CeO2/CdS-CF is also studied via additional of different free radical trapping agents.

2. Experimental Section

2.1. Materials
Cotton fabric with plain weave structure was purchased from a local fabric store. Methylene blue (MB),
ceric dioxide (CeO2), sodium periodate (NaIO4), 2.5 cadmium chloride hydrate (CdCl2·2.5H2O), sodium
sul�de hydrate (Na2S·9H2O), silane coupling agent (KH550), ethanol (CH3CH2OH), ethylene glycol
((CH2OH)2), sodium borohydride (NaBH4), tert-butanol (t-BuOH), benzoquinone (BQ) and
ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) were bought from China Kelon Chemical
Reagent Co., Ltd without further puri�cation before used.

2.2. Preparation of CeO2/CdS nanoparticles
0.34 g CeO2 was added to 40 mL deionized water and uniformly dispersed in the solution under magnetic
stirring. Then, 0.3 g CdCl2·2.5H2O (0.4 M ratio of CdCl2 to CeO2) was added to the as-prepared mixture
and mildly stirred for 30 min. After that, 0.32 g Na2S·9H2O was added to the mixture and stirred
vigorously for 2 h. After the reaction, the prepared precipitate was obtained by centrifugation, washed
with deionized water for three times, dried then at 70°C for 24 h in a vacuum oven. The resultant yellow
powders were obtained and were named as CeO2/CdS-40. Other CeO2/CdS samples with the CdS molar
percentages of 10%, 20%, 30%, 50% and 60% via changing the dosages of CdCl2·2.5H2O and Na2S·9H2O
were labeled as CeO2/CdS-10, 20, 30, 40, 50 and 60, respectively. For comparison, the CdS was prepared
in this work as well.
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2.3. Amino functionalized CeO2/CdS nanoparticles
10 mL KH550 was dissolved in a mixture of 80 mL ethanol and 10 mL deionized water to form a 5wt%
KH550 solution. CeO2/CdS nanoparticles were added to the as-prepared solution and vigorously stirred
for 2 h at room temperature. Finally, the suspension was �ltered and washed with deionized water to
remove the residual KH550, and the amino-functionalized CeO2/CdS nanoparticles were obtained after 2
h drying at 70 ℃ in a vacuum oven.

2.4. Preparation of aldehyde functionalized cotton fabric
The preparation process followed our previous work.(Guan et al. 2020) Brie�y, the cotton fabric was
immersed into 100 ml sodium periodate solution (0.1 g/ml) at 50 ℃ in the dark for 4 h. The treated
cotton fabric was then placed at 0.1% ethylene glycol solution for 30 min. Finally, the resulting cotton
fabric with aldehyde groups was washed with deionized water, and dried at 50 ℃ for 1 h.

2.5. Preparation of CeO2/CdS decorated cotton fabric
0.2 g amino-functionalized CeO2/CdS-40 nanoparticles were dispersed in 100 mL deionized water, and
then a aldehyde functionalized cotton fabric (5 cm×5 cm) was immersed in the solution. As shown in
Scheme 1, the "amine-aldehyde" chemical reaction was achieved under mild stirring at 50 ℃ for 2 h.
Subsequently, the treated cotton fabric was washed three times with deionized water and dried at 50 ℃
for 1 h to obtain the CeO2/CdS loaded cotton fabric. Finally, the CeO2/CdS loaded cotton fabric was
immersed into sodium borohydride solution (0.01 g/ml) for 10 min in order to formation the stable
chemical bond, and then washed three times with deionized water and dried at 50 ℃ for 2 h to obtain the
targeted composite, denoted as CeO2/CdS-CF.

2.6. Characterizations
The crystal structures of the samples were investigated by an X-ray diffraction (XRD) instrument (Kratos,
AXIS Ultra DLD) using CuKα radiation (λ = 0.154056 nm) within the 2θ rage of 5°–80°, the generator
voltage and tube current were 40 kV and 30 mA, respectively, and the scanning rate was 12.24° min− 1.
The surface morphologies of the samples were recorded on a scanning electron microscope (SEM, JSM-
7500F). Fourier transform infrared spectra (FTIR) of the samples were measured with a Nicolet 560
Fourier transform infrared spectrophotometer (USA) in the wavenumber ranging from 600 to 4000 cm− 1,
the fabric samples were measured by ATR accessory. X-ray photoelectron spectroscopy (XPS)
measurements were performed on a Kratos XSAM800 system with an Al Ka (hv = 1486.6 eV) 150 W, the
shift in binding energy caused by the relative surface charge is calibrated with reference to the peak of C
1s. The UV–visible spectroscopy of the samples was carried out on a UV-2700 spectrophotometer
(Shimadzu) in the range of 200–800 nm. The light absorption properties of the samples were recorded
using a UV–vis spectrophotometer. The electrochemical impedance spectroscopy measurement (EIS)
was carried out on electrochemical workstation (Instrument Model: CHI660E) with the frequency range
from 100 kHz to 0.01 Hz and the amplitude of 5 mV. The counter and the reference electrodes were
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platinum wire and saturated calomel electrode, respectively, the electrolyte solution was phosphate buffer
saline.

2.7. Photocatalytic activity measurements
The photocatalytic performance of the as-prepared samples was evaluated for photo-degradation of MB
solution under a 500 W xenon lamp illumination as a simulated sunlight source. The sample was added
into the reactor containing 50 mL MB solution of 20 ppm and placed in the dark for 30 min to make
certain the adsorption-desorption process. During the irradiation time, 3 mL of the degradation solution
was taken out and the absorbance of the solution was measured at intervals of 15 min, and then poured
back into the degradation solution after the test. The photocatalytic performance of the sample was
evaluated by the absorbance ratio of the solution (At/A0), where At was the absorbance of the dye
solution after illumination and A0 was the initial absorbance of the dye solution. Similarly, the
photocatalytic recyclability of the obtained samples was assessed by cyclic degradation experiment.
Moreover, the photocatalysis mechanism was studied by adding different free radical trapping agents. In
the experiment, 1 ml t-BuOH, 1 mmol BQ, and 1 mmol EDTA-2Na were added to remove ·OH, ·O2

− and h+

in the reaction process, respectively.

3. Results And Discussion

3.1. Characterization of CeO2/CdS nanoparticles
A series of studies were conducted on the as-prepared nanoparticles to prove successful preparation of
the targeted CeO2/CdS nanoparticles. First of all, the typical XRD patterns of the CeO2, CdS and as-
prepared CeO2/CdS were presented. Herein, taking CeO2/CdS-40 as an example, as shown in Fig. 1a, its
XRD pattern obviously presented the mixed diffraction peaks of CeO2 and CdS, indicating that CeO2 and
CdS were well integrated. Diffraction peaks of the pristine CeO2 at 28.6°, 33.1°, 47.4° and 56.3° can be
attributed to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of the face-centred cubic structure of CeO2,
respectively. Meanwhile, the characteristic peaks of the bare CdS at 26.6°, 44.2° and 52.4° can be indexed
as the (1 1 1), (2 2 0) and (3 1 1) planes of the cubic structure of CdS, respectively.(Imtiaz and Farrukh
2016) Fortunately, these characteristic peaks can all be observed on the CeO2/CdS-40, suggesting its
possessed a two-phase composition. Subsequently, the morphology of CeO2/CdS-40 was visualized by
SEM measurement, and the result was displayed in Fig. 1b. It can be clearly observed that CeO2 and CdS
were combined together, which was consistent with the results from the XRD analysis. Based on the
analysis of above results, it can be concluded that the complexation between CdS and CeO2 was
successfully achieved. Noteworthily, the preparation route of the CeO2/CdS in this work is much more
facile than other reported literature.(Channei et al. 2019; Ijaz et al. 2016; Lu et al. 2011; You et al. 2016)

After successful preparation of CeO2/CdS, the photocatalytic performance of CeO2/CdS was studied. The
UV-vis spectra of all samples were depicted in Fig. 2a, it can be seen that the addition of CdS signi�cantly
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improved the light absorption range and intensity of pure CeO2 at 200–800 nm. The photocatalytic
capacity of all samples was investigated by the photo-degradation MB experiment under visible light
irradiation, and the corresponding results were shown in Fig. 2b. It can be clearly observed that the
photocatalytic capacities of the heterostructure CeO2/CdS composites were much higher than that of the
pristine CdS and pure CeO2, due to the synergistic effect between CeO2 and CdS. Noteworthily, among all
CeO2/CdS composites, CeO2/CdS-40 showed the best photocatalytic ability. This reason can be
attributed match composition, resulting in highly e�cient photogenerated charge transfer in internal
electric �eld.(Ali et al. 2018) Meanwhile, this result was further proved by electrochemical impedance
spectroscopy (EIS) analysis. EIS is one of the most common methods to unravel the complex reaction of
electrode interface. Generally, the smaller arc in an EIS Nyquist plot implies a smaller charge transfer
resistance on the electrode surface. It was clearly seen in Fig. 2c that CeO2/CdS heterojunction possessed
the smaller arc radius compared to that of CeO2 and CdS. Especially, CeO2/CdS-40, CeO2/CdS-50 and
CeO2/CdS-60 presented the smallest arc radius, indicating such CeO2/CdS heterostructures had the
smallest resistance and accelerating the speed of electrons transmission, resulting in improvement of the
photocatalytic performance. Therefore, based on above mentioned results, the CeO2/CdS-40 was
employed for following experiments.

3.2. Characterization of the CeO2/CdS-CF

3.2.1 FTIR
After comprehensive investigation of CeO2/CdS, another objective of this work is to immobilize the
CeO2/CdS on the cotton fabric surface to generate a facile recyclable composite photocatalyst.
Fortunately, in our previous work, the photocatalyst powders were successfully anchored on the cotton
fabric surface via "amine-aldehyde" chemical reaction. Inspired by this successful work, the CeO2/CdS
and cotton fabric were amino-functionalization and aldehyde-functionalization, respectively. First of all,
the FTIR test was employed to determine the chemical composition of modi�ed CeO2/CdS nanoparticles.
As shown in Fig. S1, the characteristic absorption peak of -Si-O-Si- can be obviously observed at 1030
cm− 1, which proved that CeO2/CdS nanoparticles have been successfully amino-functionalization.(Wu
and Chen 2020) Further, the amino functionalized CeO2/CdS was grafted on the cotton fabric surface to
yield CeO2/CdS decorated cotton fabric (CeO2/CdS-CF) as a highly e�cient and easy recyclable
composite photocatalyst. The as-prepared CeO2/CdS-CF was analyzed by FTIR, XPS and SEM
measurements, respectively. The FTIR spectrum of CeO2/CdS-CF was shown in Fig. 3a and compared
with that of aldehyde functionalized cotton fabric (Fig. 3b) and pristine cotton fabric (Fig. 3c). It can be
observed that aldehyde functionalized cotton fabric presented the vibration absorption peak of C = O at
1740 cm− 1 belonging to aldehyde moieties (Fig. 3b). As expected, the absorption band at 1740 cm− 1

disappeared, and new absorption peaks of Si-O-Si and Si-O-C appeared at 1029 cm− 1 and 1205 cm− 1

through observing CeO2/CdS-CF (Fig. 3a), which proved the successful achievement of chemical reaction
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between the amino functionalized CeO2/CdS nanoparticles and the aldehyde functionalized cotton
fabric.(Wu and Wang 2018) Meanwhile, the corresponding photographs were illustrated in Fig. 4, the
obvious color transition of cotton fabric can be observed, also indicating the successful immobilization
of CeO2/CdS on the cotton fabric surface.

3.2.2 XPS analysis
To further investigate the elemental compositions of the as-prepared CeO2/CdS-CF, the XPS test was
carried out. As shown in Fig. 5, the full XPS spectrum of CeO2/CdS-CF was displayed in Fig. 5a, proving
the presence of elements Ce, Cd, S, O, Si and C in the sample, and no signals of other elements were
found, which indicated that CeO2/CdS-CF was successfully constructed. Meanwhile, the XPS high-
resolution spectra results of CeO2/CdS-CF were also presented. As shown in Fig. 5b, the C 1s peaks of
284.6 eV, 286.4 eV and 288.1 eV attributed to C-C, C-O, C = O bond from cotton, and the C 1s peaks of
283.5 eV, 285.5 eV and 288.6 eV corresponded to C-Si, C-N and C-OH bond from KH550. Importantly, the
presence of C-N bond further demonstrated that the CeO2/CdS nanoparticles were anchored on the cotton
fabric surface via "amine-aldehyde" chemical reaction, and also proved that the additional of the sodium
borohydride successfully reduced C = N double bond to C-N bond, which leaded to stable covalent bond
between CeO2/CdS and cotton fabric. The peaks of 405.1 eV and 411.7 eV in the Cd 3d spectrum
corresponded to 3d5/2 and 3d3/2 of Cd according to Fig. 5c, respectively. Figure 5d presented XPS
spectrum of Ce, which were 882.4 eV, 888.7 eV, 898.3 eV, 900.1 eV, 907.2 eV and 916.5 eV, respectively,
and attributed to Ce 3d of CeO2. The peaks of 161.2eV and 162.4eV in the S 2p spectrum corresponded to

2p3/2 and 2p1/2 of S2− from CdS, and the result was shown in Fig. 5e. Meanwhile, as indicated in Fig. 5(f),
the peaks of 101.4 eV, 102.3 eV and 103.1 eV in the Si 2p spectrum corresponded to Si-O-Si, Si-OH and Si-
O-C bond, respectively. Based on the results from XPS spectra, it can further demonstrate that CeO2/CdS
nanoparticles were immobilized on the cotton fabric surface.

3.2.3 Morphology
Herein, SEM measurement was employed to reveal the microstructures and morphologies of the as-
prepared CeO2/CdS-CF. The results were depicted in Fig. 6. Compared to that of the pristine cotton fabric
(Fig. 6a and 6b), it can obviously observe that CeO2/CdS nanoparticles were uniformly distributed on the
surface of cotton. In addition, the EDS analysis and elemental mapping images of the as-prepared
CeO2/CdS-CF were measured. The presence of Ce, O, Cd, S and Si elements in the sample can be clearly
observed by EDS analysis (Fig. 6e), and corresponding elemental mapping images were displayed in
Fig. 6f to 6i, which con�rmed that the CeO2/CdS photocatalysts were uniformly immobilized on the
cotton fabric surface. Furthermore, high contents of Ce, Cd and O derived from CeO2/CdS suggests that
large amount of photocatalytic active sites exposed to cotton fabric surface, which are expected to
provide help to the photocatalytic degrading performance under visible-light irradiation. Until now, it can
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be concluded from above mentioned results that the CeO2/CdS decorated cotton fabric were successfully
fabricated.

3.2.4 UV-vis diffuse re�ectance spectra analysis
After successful preparation of the CeO2/CdS-CF, its photocatalytic activity was investigated in detail.
UV–vis diffuse re�ectance spectrum (DRS) of the CeO2/CdS-CF was presented in Fig. 7a. Obviously,
compared to that of the pure cotton fabric, the CeO2/CdS-CF exhibited a spectral response in the visible
region (λ = 400–600 nm) with high absorption intensity, indicating its promising photocatalytic capacity.
Subsequently, according to the result of UV-vis spectrum, the band gap energy of the CeO2/CdS-CF was
calculated by the following formula:

(Ahv) = K (hv-Eg) n/2

where A is the absorption coe�cient, h is planck's constant, v is the incident light frequency, K is a
constant, Eg is the band gap energy and n is 4 for an indirect transition. A chart was drawn with hv as the

abscissa and (Ahv)2 as the ordinate, and the band gap values of the samples were obtained by using the
drawing method, and the result was displayed in Fig. S2 and Fig. 7b. The band gap values of the pure
CeO2 and pure CdS were 3.05 eV and 2.1 eV, respectively (Fig. S2). However, the band gap of CdS and the
band gap of CeO2 in the CdS/CeO2 composite were 2.1 eV and 2.5 eV respectively, the band gap of CeO2

signi�cantly decreased in the heterojunction compare to that of pure CeO2, indicating that the addition of
CdS endowed CeO2 nanoparticles with a better visible light absorption capacity and improved the
photocatalytic activity under visible light, due to the synergic effect between the CeO2 and CdS.

3.2.5 Photocatalytic performance
The photocatalytic activity of the as-prepared CeO2/CdS-CF was assessed for its photo-degradation
ability on MB under visible light irradiation. The results were depicted in Fig. 8, the photocatalytic
performance of CeO2/CdS-CF was signi�cantly improved compared to that of the pristine cotton fabric,
owing to immobilization of visible light response CeO2/CdS nanoparticles. The photocatalytic
degradation e�ciency of CeO2/CdS-CF toward MB could achieve 70.2% within 30 min, while the blank
experiment only reduced 7.1% of MB at the same time. Moreover, CeO2/CdS-CF showed a high MB
degradation e�ciency of 93.8% within 90 min. The above results suggested that CeO2/CdS-CF possessed
excellent visible-light-driven photocatalytic activity.

3.2.6 Photocatalytic stability
Stability and reusability of the photocatalyst are important parameters for practical application. To
evaluate the stability and recyclability of the CeO2/CdS-CF, the circulating run in the photocatalytic
degradation of MB was performed under visible light irradiation. As shown in Fig. 9, it could be observed
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that the photocatalytic activity of CeO2/CdS-CF was not signi�cantly reduced after �ve cycles of MB
photo-degradation. The degradation e�ciency of CeO2/CdS-CF reduced from 95.2–92.9% after three
cycles, and the degradation e�ciency still maintained at 90.3% after �ve cycles, indicating that
CeO2/CdS-CF had outstanding stability and reusability. In addition, SEM measurement was also carried
out on the recycled sample. As illustrated in Fig. 10, CeO2/CdS nanoparticles were still tightly loaded on
the surface of cotton fabric, without obvious change compared to the initial CeO2/CdS-CF (Fig. 6c and
6d). This result suggested that CeO2/CdS nanoparticles did not easily to detach from cotton fabric
surface during the photocatalytic process, because of formation the robust chemical bonds.

Besides, recycled experiments under different pH values were carried out in order to further investigate the
stability of CeO2/CdS-CF. Figure 11 showed that CeO2/CdS-CF exhibited good photocatalytic stability
even under acidic or alkaline conditions. Hence, it can be further concluded from above mentioned results
that the CeO2/CdS-CF has outstanding stability and reusability. However, photocatalytic activity of
CeO2/CdS-CF was inhibited at acidic or alkaline conditions, and these results can be explained by the
following reasons. CeO2/CdS nanoparticles were positive at acidic medium, which leaded to repulsion
between the dye and the semiconductor surface, which conducted to low adsorption and thereby a
decrease in the elimination e�ciency of MB.(Bendjabeur et al. 2018) Meanwhile, at alkaline conditions, it
was not bene�cial to the production of hydroxyl radicals, resulting in the decease of photocatalytic
activity.(Lozano-Morales et al. 2019)

3.2.7 Photocatalytic mechanism
To clarify the mechanism of photo-degradation reaction and to illustrate the active species responsible
for the degradation of MB dye, active species trapping experiments were performed. In the experiment, 1
ml t-BuOH, 1 mmol BQ, and 1 mmol EDTA-2Na were added to remove ·OH, ·O2

− and h+ in the reaction
process, respectively.(Xiao et al. 2020) The results were shown in Fig. 12, and it was obviously that t-
BuOH, BQ and EDTA-2Na inhibited photocatalysis. CeO2/CdS-CF could degrade MB with a degradation
e�ciency of 93.8% within 90 min without any scavengers. Nevertheless, the degradation e�ciency of
CeO2/CdS-CF decreased to 54.3%, 73.2% and 41.5% when t-BuOH, BQ and EDTA-2Na were added into the

photocatalytic procedure, respectively. Therefore, ·OH, ·O2
− and h+ all played important roles in

photocatalytic reactions.

Based on the above results, a possible photocatalytic mechanism was proposed. (Scheme 2) Under
visible light irradiation, both CdS and CeO2 in the heterojunction can be activated, and the excited
electrons in the conduction band of CdS can be transferred to the conduction band of CeO2 with lower
energy level position, thus achieving charge carrier transfer and separation.(Liu et al. 2020) H2O cannot
be oxidized by holes in the valence band of CeO2, since the valence band of CeO2 (+ 2.31 eV) was more

negative than OH−/·OH (+ 2.40 eV).(Issarapanacheewin et al. 2016) Moreover, the conduction band of
CdS (-0.37 eV) was more negative than the conduction band of CeO2 (-0.19 eV), and the superoxide
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radical redox potential is greater than − 0.33 eV. Therefore, O2 reacted with photoelectrons in the

conduction band of CdS to produce ·O2
−, and then reacted with H2O to produce highly active ·OH, which

reacted with organic pollutants adsorbed on the catalyst surface and leaded to its degradation.(Li et al.
2018)

4. Conclusion
In this work, CeO2/CdS nanoparticles were synthesized through coprecipitation method. Then, recyclable
CeO2/CdS decorated cotton fabric with high photocatalytic activity was fabricated through the "amine-
aldehyde" chemical reaction. Successful fabrication of the targeted composite photocatalyst was
con�rmed by FTIR, XPS and SEM measurements, respectively. Importantly, it found that CeO2/CdS-CF
exhibited excellent photocatalytic activity, which could degrade MB within 90 min with a degradation
e�ciency of 93.8% under visible light irradiation. In addition, the degradation e�ciency still remained at
90.3% after �ve degradation cycles, indicating the good stability and recyclability of the CeO2/CdS-CF.
Finally, the possible photocatalysis mechanism was studied by adding different free radical trapping
agents. Overall, it is concluded that the as-prepared CeO2/CdS-CF had great application potential for the
dye wastewater treatment under the natural solar radiation.
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Figure 1

(a) XRD patterns of the CeO2/CdS-40, CeO2 and CdS, resepctively; (b) SEM image of the CeO2/CdS-40.

Figure 2
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(a) UV-vis spectra of the as-prepared samples. (b) Photocatalytic degradation of MB by the as-prepared
samples under visible-light irradiation. (c) EIS spectra of the as-prepared samples.

Figure 3

FTIR spectra of (a) the CeO2/CdS-CF, (b) the aldehyde functionalized cotton fabric and (c) the cotton
fabric, respectively.

Figure 4
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Sample photos of the cotton fabric, the aldehyde functionalized cotton fabric and the CeO2/CdS-CF,
respectively.

Figure 5

XPS spectrum of (a) the CeO2/CdS-CF and its high-resolution XPS spectra: (b) C 1s; (c) Cd 3d; (d) Ce 3d;
(e) S 2p; (f) Si 2p.
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Figure 6

SEM images of the pristine cotton fabric (a) and (b), CeO2/CdS-CF (c) and (d); EDS spectrum of
CeO2/CdS-CF (e); corresponding elemental mapping images Ce element (f), Cd element (g), O element
(h)and Si element (i), respectively.
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Figure 7

(a) UV-vis diffuse re�ectance spectra of the cotton fabric and CeO2/CdS-CF; (b) plots of (Ahv)2 vs photon
energy (hv) for the CeO2/CdS-CF.

Figure 8

Photocatalytic degradation of MB by as-prepared samples under visible-light irradiation.
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Figure 9

Reusability test of photo-degradation of MB over CeO2/CdS-CF under visible light irradiation.

Figure 10

SEM images of recycled CeO2/CdS-CF with different magni�cations.
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Figure 11

Reusability test of photodegradation of MB over CeO2/CdS-CF with pH values (pH=3 and pH=11) under
visible light irradiation.
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Figure 12

Effects of various scavengers on the photocatalytic degradation of MB.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

scheme1.jpg

scheme2.jpg

supportinginformation.docx

https://assets.researchsquare.com/files/rs-505771/v1/8ee1d128adebdc4b71d6fd74.jpg
https://assets.researchsquare.com/files/rs-505771/v1/b4bb61d17c38b3ec1b1156ea.jpg
https://assets.researchsquare.com/files/rs-505771/v1/c1eb063ae2d0e42751156abc.docx

