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Natural biomass based carbonaceous aerogel is becoming a promising lightweight, biodegradable matrix to supersede 

traditional support materials in realizing future sustainable photochemistry and environment protection. Herein, flower-

like BiOBr loaded onto an ultralight TEMPO-mediated oxidized carbonaceous aerogel (BOB@OWMCA) support was 

successfully prepared using the edible winter melon as source material via a simple solvothermal method. The three-

dimensional sponge-like OWMCA with surface functionalization displayed ultralow density (17.7 mg/cm3) and large special 

surface area (30.6 m2/g). The BiOBr was homogeneously anchored on the surface of the hierarchical porous OWMCA 

exhibiting synergetic properties of BiOBr photocatalyst and OWMCA support for strengthening photodegradation 

capacities. The results indicated that the as-prepared BOB@OWMCA composite was demonstrated outstanding 

adsorption and photodegradation capacities for organic pollutants (rhodamine B) under visible light irradiation. Of 

importance here, BOB@OWMCA composite showed a prominent advantage for easy collection and separation from the 

aqueous system, making it a promising candidate as robust visible light responsive photocatalysts for the potential 

applications. 

Introduction 

Semiconductor photocatalysts have attracted considerable 

attention in the past decades because of their wide potential 

application in environmental protection such as air purification, 

wastewater treatment and water splitting
1-3

. However, the 

conventionally used TiO2 photocatalyst suffers from some 

drawbacks due to no light absorption under visible light region 

and the low quantum efficiency
4
. Bismuth-basedoxyhalides 

(BiOX, X = Cl, Br or I) with unique layered structure have 

recently been evaluated to effectual non-TiO2 photocatalysts 

showing remarkable photocatalytic activities and strong 

adsorption under ultraviolet (UV) or visible light irradiation
4-6

. 

BiOBr is of particular importance among the most active BiOX 

compounds for its suitable band gap, excellent stability and 

relatively superior visible light photocatalytic ability
7
. Recently, 

BiOBr with various architectures such as nanosheets
7,8

, 

microspheres
9
, mesoporous microspheres

10
, 3D flower-like 

nanoarchitectures
11

, and heterojunctions
12,13

 have been 

demonstrated for the enhancement of the photocatalytic 

ability. But the inherent difficulty to efficiently separate 

ultrafine particulate BiOBr from the aqueous systems hinders 

its practical applications
14,15

. Therefore, finding an ideal way to 

immobilize BiOBr photocatalysts on certain supports for easy 

collection and separation is still an urgent requirement. 

Several inert or active supports such as silica, zeolites, glass 

slides, Ti disk, Nafion membrane, activated carbon and 

graphitic carbon nitride were utilized to host granular 

nanocatalysts
15-20

. Li et al.
15

 utilized Ti disk as a support to 

synthesize a double hierarchical structured BiOBr film 

exhibiting strong RhB adsorption capacity and high light 

utilization efficiency. Mitchell et al.
16

 adopted a macroporous 

ZrO2 support to fabricate the chemically inert photonic ZrO2 

decorated with CdS nanoparticles to increases the yield of 

hydrogen production. Cuellar et al.
17

 used glass slides as 

substrates to prepare BiOBr thin films to eliminate the 

inconvenient of photocatalyst’s removal from aqueous 

medium. Zhang et al.
19,20

 applied g-C3N4 sheets as good 

support to develop highly efficient hierarchical g-C3N4-based 

composite photocatalysts in environmental pollution cleanup. 

Recently, developments for cleaner, sustainable chemistry are 

being driven by environmentally friendly native biomaterials. 

Therefore, the three-dimensional (3D) carbon-based aerogel 

has been widely applied in solar cells
21

, various sensors
22

, 

batteries
23-25

, supercapacitors
26

 and water purification
29-29

. 

Due to its low density, large specific surface area and high 

porosity, porous 3D carbon-based aerogel is becoming an 

important research object, which can be acted as an ideal 
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candidate support for the heterogeneous catalysts
30-32

. But the 

inherent surface hydrophobicity and lack of surface active 

groups of carbon materials hinder their further incorporating 

with BiOBr photocatalysts. Till now, there is an increasing 

trend to prepare carbonaceous materials using the cheap, 

readily attainable and environmental friendly biomass as 

starting materials
33,34

. The biomass-derived carbonaceous 

aerogels were traditionally obtained via a well-established 

hydrothermal carbonization (HTC) under mild conditions
27,34-37

. 

The carbonaceous aerogel has not only the functional 

characteristics of carbon aerogel, but also the peculiar features 

such as containing abundant functional groups, surface 

hydrophilicity, excellent adsorption capacity and chemical 

reactivity. 

Herein, we described a novel winter melon-derived ultralight 

carbonaceous aerogel support modified with flower-like BiOBr 

through a facile solvothermal approach as a highly efficient 

photocatalyst for the degradation of rhodamineB (RhB) under 

visible light. The 3D porous carbonaceous aerogel was firstly 

synthesized by HTC process using winter melon as raw 

material and then modified by 2,2,6,6-

tetramethylpiperidinooxy(TEMPO)-mediated oxidization. 

Finally, flower-like BiOBr was embedded in the oxidized winter 

melon-derived carbonaceous aerogel (OWMCA) by a simple 

alcohol-thermal method. The resulting BiOBr modified 

OWMCA (BOB@OWMCA) composite displayed excellent 

adsorption capacity and superior degradation performance for 

organic dyes. Furthermore, BOB@OWMCA composite with a 

relative light weight can float on water surface as a monolithic 

photocatalyst, providing great convenience for collection and 

separation. 

Experimental Section 

Materials 

All the chemicals were of analytic purity and used without 

further purification. Fresh winter melons were purchased from 

a local supermarket. Bismuth nitrate hydrate (Bi(NO3)3·5H2O), 

ethylene glycol, isopropanol, sodium bromide (NaBr), 

dehydrated alcohol, sodium hypochlorite (NaClO) solution, 

hydrochloric acid (HCl) and sodium hydroxide (NaOH) were 

purchased from Sinopharm Chemical Reagent Co., Ltd (China). 

2,2,6,6-tetramethyl-piperidinyl-1-oxyl (TEMPO, 98%) was 

purchased from Sigma Aldrich.  

 

Scheme 1 Schematic diagram of the synthesis of BOB@OWMCA hybrid aerogel. 

Preparation of winter melon-derived carbonaceous aerogel 

(WMCA) 

The WMCA was prepared through HTC process according to 

the previous report
25

. After removing the rind, soft pulp and 

seeds, the fresh winter melon was carefully cut into the 

appropriate squares using a sharp knife and put into Teflon-

lined stainless steel autoclave. Then the autoclave was sealed 

and maintained at 180 °C for 10 h. After cooling down to room 

temperature, the as-obtained carbonaceous hydrogel was 

immersed into hot water at 60 °C for 2 days to remove the 

soluble impurities. Finally, ultralight WMCA was obtained after 

freeze-drying of carbonaceous hydrogel at −45°C for 24 h. 

Preparation of TEMPO-mediated oxidized winter melon 

carbonaceous aerogel (OWMCA) 

WMCA was modified according to a previous procedure 

described by Lin et al
38

. First, TEMPO and NaBr in a given ratio 

were dissolved in deionized water with stirring for 10 min. 

Then the WMCA and a certain amount of NaClO solution were 

successively added into the mixed dispersion, followed by 

adjusting pH value to 10 with NaOH solution addition. The 

oxidizing reaction was terminated after 6 h, followed by 

adjusting pH value to 7 with hydrochloric acid addition. 

Subsequently, the oxidized winter melon carbonaceous 

hydrogel was thoroughly washed by deionized water and 

dehydrated alcohol, and freeze-dried at −45 °C for 24 h to 

obtain OWMCA. 

Preparation of BiOBr modified TEMPO-mediated oxidized winter 

melon carbonaceous aerogel (BOB@OWMCA) 

 BOB@OWMCA composite was prepared via a solvothermal 

synthesis. First, the BiOBr precursor solution was obtained by 

dissolving Bi(NO3)3·5H2O and NaBr with a required amount in a 

two-component solvents mixed with ethylene glycol and 

isopropanol. After the OWMCA was immersed into the 

solution under stirring at the room temperature for 30 min, 

the mixtures was subsequently transferred into 100 mL Teflon-

lined stainless steel autoclave with 80% volume filled. Herein, 

the mole ratio of Bi(NO3)3·5H2O and NaBr was selected as 1:1, 

and the weight ratios of BiOBr (in theory) to OWMCA varied 

with 2.5, 5, 10 and 20. The autoclave was sealed and heated at 

160 °C for 12 h. Thus the BOB@OWMCA composite was 

ultimately assembled by washing with deionized water for 

several times and subsequently freeze-dried at −45°C for 24 h. 

The schematic diagram was shown in Scheme 1. 

 
Figure 1 Digital photographs of OWMCA monolith standing on feathers (a) and floating 

beneath water surface (b). 
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Preparation of BiOBr modified winter melon carbonaceous 

aerogel (BOB@WMCA) 

As a comparison, BOB@WMCA was synthesized by the similar 

solvothermal method with WMCA as a support. 

Characterization 

Surface morphologies of all samples were examined by 

scanning electron microscopy (SEM, S-4800, Hitachi). The 

structure was characterized through Fourier transform 

infrared spectroscopy (FTIR, AVATAR370, Nicolet) with the 

spectral width ranging from 4000 to 400 cm
-1

 by grinding KBr 

as transparent pellets. X-ray diffraction (XRD, D/max–2500, 

Japan) patterns were measured in the range from 5°to 75°

with Ni-filtered Cu Kα radiation (V = 50 kV, I = 80 mA) at a 

scanning rate of 8 °/min. Raman spectra were examined at 

room temperature using Raman spectroscopy (inVia-reflex, 

Renishaw). The optical properties were measured by UV–vis 

spectrophotometer (UV-2501PC, Shimadzu). N2 adsorption–

desorption isotherms were measured on a Quantachrome 

instrument (ASIQCU02U-5) at 77 K. The Brunauer–Emmett–

Teller (BET) was utilized to calculate the specific surface area 

(SBET) based on the N2 adsorption branches.  

Photodegradation test 

Liquid-phase photodegradation of RhB was carried out at room 

temperature in an self-designed quartz tube (3 cm (φ) × 12 cm 

(L)) equipped containing 52.0 mg catalysts and 50.0 mL 10.0 

mg/L RhB aqueous solution. As a comparison, pure BiOBr was 

submerged below the water surface and remained stationary 

under same conditions. After reaching adsorption equilibrium 

in the dark for 2 h, the photodegradation reaction was 

initiated by irradiating the reactor with four fluorescent lamps 

(λ = 400–800 nm, 14 W, Royal Dutch Philips Electronics Ltd), 

with a light intensity of 10.0 mW/cm
2
 (measured by a 

radiometer, LP-3 A, Beijing Wuke Photoelectric Technique Co., 

Ltd) by adjusting the distance between the lamp and reactor. 

The concentration of RhB left in the solution was determined 

by the UV–vis spectroscopy at given time intervals. The results 

were checked by repeating the experiment for three times 

within a permitted error limit (±5%). 

Results and Discussion 

3D sponge-like WMCA was surface modified by grafting 

carboxyl groups via a TEMPO-mediated oxidation to increase 

the possibility for further functionalization. Both WMCA and 

OWMCA show porous multilayer network architectures (Figure 

S1), which enable them to be excellent 3D scaffold.  

 

Figure 2 FT-IR spectra of WMCA and OWMCA (a) and Raman spectrum of OWMCA (b). 

Figure 1a shows that the as-prepared OWMCA monolith with 

dark brown color can easily stand on a bundle of erected 

feathers. The ultra-lightweight property will make it a 

promising platform to load a range of functional nanomaterials 

for diverse applications. The OWMCA with a mass density of 

17.7 mg/cm
3
 can float beneath the surface after immersing 

into water (as shown in Figure 1b), suggesting the porous 

OWMCA was endowed with extremely hydrophilicity, 

ultralight weight and high adsorption performance. In addition, 

the OWMCA monolith can easily be divided into arbitrary 

desired shapes to match the requirement of applications 

(Figure S2).  

The surface functional groups of the resultant samples are 

identified by FT-IR spectroscopy as shown in Figure 2a. The 

characteristic signals located at 3420 cm
-1

 and 2917 cm
-1

 are 

attributed to stretching vibration of −OH groups and stretching 

vibrations of C−H, respectively. The bands at 1634 cm
-1

 is 

attributed to the C=O or C=C stretching vibrations, probably 

resulting from furanic or aromatic groups formed by 

polymerization−polycondensation reactions during HTC 

process
28,39,40

. After the TEMPO-mediated oxidation, the 

obvious change for OWMCA is the enhancement of band at 

1708 cm
-1

 attributed to the stretching vibration of free 

carboxyl groups C=O coming from –COOH in comparison with 

WMCA
38

, suggesting the increasing amount of C=O group 

formed by oxidization of OH band. The results indicate that the 

surface of OWMCA is rich in functional groups, which enhance 

the accessibility for further reaction with other guest materials. 

The Raman spectrum is also determined to evaluate the 

disordered structure of OWMCA (Figure 2b). The board and 

strong band at 1561 cm
-1

 (G) is attributed to first-order 

scattering of the E2g phonon of the sp
2
 carbon domains in a 

two-dimensional hexagonal lattice, however the band at 1242 

cm
-1

 (D) corresponds to disorder-induced mode associate with 

structure defects and imperfections
40,41

. Therefore, the 

intensity ratio of D and G bands (ID/IG) can reflect the quality of 

graphitic structures. The calculated ID/IG ratio of OWMCA is 

about 0.335, indicating that a number of disordered structures 

are generated. It is probably due to the presence of the 

isolated double bond (C=O and C=C) on the surface of OWMCA 

or the TEMPO oxidation reaction induced an increase of 

defects in the carbon network. 

Benefiting from the surface functional groups and the defeats 

in carbon structure, the porous multilayer networks provide an 

additional surface for the heterogeneous nucleation of BiOBr, 

thus BiOBr can easily be introduced into the active sites of the 

OWMCA according to the typical solvothermal process. The 

digital photo of BOB@OWMCA (Figure S3) shows the color 

turned from dark brown to yellow due to the incorporation of 

BiOBr. The surface morphologies of BOB@WMCA and 

BOB@OWMCA are presented in Figure 3, respectively. It is 

obvious that the surface of WMCA is covered by well-

dispersed 3D flower-like BiOBr microspheres with diameters of 

0.5-1 μm (Figure S4) constructed by numerous 2D interlaced 

nanosheets. Interestingly, highly uniform and contact flower-

like BiOBr with massive nanosheets coated on the whole  
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Figure 3 SEM images of BOB@WMCA and BOB@OWMCA with the same weight ratio of 

BiOBr (inset: the corresponding high magnification).   

OWMCA surface is clearly observed. The difference between 

BOB@WMCA and BOB@OWMCA is contributed that the active 

sites generated from TEMPO oxidation reaction provide more 

opportunities for the crystal growth and immobilization of 

BiOBr nucleus. It is well acknowledged that the BiOBr easily 

forms nanosheets and further self-assemble to hierarchical 

microspheres
4
. But the sufficient contact area of OWMCA 

improves the homogeneous distribution of BiOBr nanosheets, 

meanwhile inhibits the self-assembly of BiOBr nanosheets to 

form excessive microspheres, as shown in the high 

magnification SEM images (insets in Figure 3). On the basis of 

the well dispersibility of BiOBr nanosheets with high-loading 

attached onto the surface of OWMCA, the as-synthesized 

BOB@OWMCA hybrid material will exhibit the synergetic 

properties of BiOBr photocatalyst and OWMCA support to 

strengthen photodegradation activity. 

Figure 4 shows the SEM images of BOB@OWMCA with the 

different ratios of BiOBr to OWMCA varied from 2.5:1, 5:1, 

10:1 to 20:1 (Table 1). It can be clearly observed that all 

BOB@OWMCA maintain the monolithic architectures of 

original OWMCA, and display well-dispersed BiOBr with 

relatively uniform size distribution is loaded on the surface of 

OWMCA. With the increasing ratio of BiOBr to OWMCA, the 

higher surface accumulation and even multi-layer 

agglomerates of BiOBr appeared on the surface of OWMCA, 

especially for BOB@OWMCA-10 and BOB@OWMCA-20.  

The corresponding densities of BOB@OWMCA composites are 

summarized in Table 1, the densities of BOB@OWMCA 

exhibited an increasing trend with the increasing amount of 

BiOBr, much higher than pure OWMCA. The surface area is 

one of the important characteristics for photocatalytic 

properties, which can provide more opportunities for the 

photocatalysts to touch with light and reactants, resulting in 

the enhancement of photocatalytic activity. The SBET of 

samples are investigated by N2 adsorption–desorption 

isotherms, as shown in Figure S5. The isotherms of 

BOB@OWMCA with the different ratios of BiOBr to OWMCA 

can be categorized as type IV with the distinct hysteresis loop 

at about p/po= 0.5–1.0, indicative of the mesoporous structure 

resulting from the OWMCA and the self-assembly of BiOBr 

microspheres
4
. The SBET of OWMCA, BOB, BOB@OWMCA and 

BOB@WMCA are summarized in Table 1. All the 

BOB@OWMCA samples show larger SBET than pure OWMCA 

and BOB, while BOB@WMCA exhibits much lower SBET than 

others probably due to the inadequate linking between BOB 

and WMCA.  

 
Figure 4 SEM images of BOB@OWMCA with the different ratios of BiOBr to OWMCA 

(2.5:1, 5:1, 10:1 and 20:1). Left: the low magnification; Right: the high magnification. 

Figure 5 compares XRD patterns of BOB, OWMCA and 

BOB@OWMCA-20. It can be found that all the peaks of BOB 

are assigned to the typical tetragonal structure (JCPDS No. 09-

0393). The OWMCA exhibits the typical cellulose I structure 

with the broad characteristic peaks located at 2θ = 15°, 22° 

and 35°. The peaks at 2θ = 38°, 44° and 65°can be attributed to 

the presence of impurities from the origin winter melon. It is 

obviously observed that BOB@OWMCA-20 exhibits the typical 

Table 1 Structure parameters and photoactivities of different samples. 

Sample 
Weight 

ratio 

ρ 

(mg/cm3) 

SBET 

(m2/g) 

Photodegradation 

rate (%) 

OWMCA / 17.7 30.6 46.2 

BOB@OWMCA-2.5 2.5:1 44.1 / 81.0 

BOB@OWMCA-5 5:1 48.4 36.7 92.0 

BOB@OWMCA-10 10:1 53.2 40.0 95.2 

BOB@OWMCA-20 20:1 63.9 52.6 100 

BOB / / 35.9 65.9 

BOB@WMCA-10 10:1 / 16.4 / 

Reaction conditions: 52.0 mg catalyst, 50.0 mL 10.0 mg/L RhB aqueous solution, 

room temperature reaction, four fluorescent lamps (λ = 400–800 nm, 14 W), 

reaction time = 120 min. 
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Figure 5 XRD patterns of BOB, OWMCA and BOB@OWMCA-20. 

diffraction peaks of both BOB and OWMCA. In addition, a red 

shift is detected from all of the BOB peaks in BOB@OWMCA-

20 diffraction patterns, representing the change of lattice 

spacing of BiOBr crystal. The results indicate that BiOBr was 

bound to OWMCA by the ways of physical deposition and 

chemical bonding. The strong chemical interaction between 

BiOBr and OWMCA enhance the stability and recyclability. 

The optical properties of OWMCA and BOB@OWMCA were 

measured according to UV–vis diffuse reflection spectra. As 

shown in Figure 6, all the BOB@OWMCA samples reveal much 

stronger adsorption than OWMCA in the wavelength range 

from 210 to 710 nm, implying that BiOBr plays the key role in 

the light adsorption. Therefore, with the increasing ratio of 

BiOBr to OWMCA from 5:1 to 20:1, BOB@OWMCA shows 

higher absorption in UV and visible light regions. Similar to the 

previous report
42

, the flower-like BiOBr microspheres 

assembled by nanosheets provide many spaces for the entry of 

light, resulting in the light multi-reflection, which is beneficial 

for the improvement of photodegradation property. 

 
Figure 6 UV–vis diffuse reflection spectra of OWMCA and BOB@OWMCA composites 

with different ratios of BiOBr to OWMCA (5:1, 10:1 and 20:1).  

 
Figure 7 Reaction process for photodegradation of RhB with different catalysts. C0 and 

C referred to the initial RhB concentration and the RhB concentration determined at 

different reaction time, respectively. Reaction conditions: 52.0 mg catalyst, 50.0 mL 

RhB aqueous solution (10.0 mg/L), room temperature reaction, four fluorescent lamps 

(λ = 400–800 nm, 14 W). 

The photodegradation of RhB under visible light irradiation can 

be used to evaluate the photocatalytic activity of 

BOB@OWMCA shown in Figure 7. As comparison, a blank 

experiment was firstly carried out in the absence of 

photocatalyst, and only about 5% RhB was decomposed under 

visible light irradiation, thus the self-photodegradation of RhB 

could be negligible during the photocatalysis process. The 

adsorption and desorption of RhB on photocatalysts reach the 

equilibrium after 120 min in the dark. Compared with the 

blank experiment, degradation rates (C/C0) are accelerated in 

the presence of photocatalysts. It can be found that OWMCA 

exhibits a much stronger RhB adsorption than BiOBr in the 

dark, attributed to the strong hydrophilicity and the face-to-

face oriented adsorption between RhB and the functional 

groups
43

. On the contrary, BiOBr displays a much higher 

degradation rate of RhB with prolonging time than OWMCA 

under the visible light irradiation, ascribed to the efficient light 

multi-reflection and high photocatalystic activity of flower-like 

BiOBr nanosheets. The hierarchical structure endows fast 

charge transport, resulting in lower recombination rates 

compared to particulate nanomaterials
31

. 

It can be deduced that the BOB@OWMCA comprising of 

OWMCA and BiOBr simultaneously play the synergistic roles in 

the adsorption and photodegradation of RhB. Although there 

may be a certain amount of BiOBr inside the cavity of OWMCA, 

the multi-reflection of light within the interior cavity of 

OWMCA still leads to an increase of light-harvesting efficiency 

of the attached BiOBr in porous surface
42

. Therefore, the 

enhanced photocatalytic activity with the increasing ratios of 

BiOBr to OWMCA is attributed to the larger SBET and higher 

capacity of capture visible light via light multi-reflections.  The 

C/C0 rates of RhB at the reaction time of 120 min for different 

catalysts are summarized in Table 1. Encouraged by the 

synergistic effect of adsorption and photocatalysis, the 

degradation rates of RhB with the presence of BOB@OWMCA 

are further accelerated. BOB@OWMCA-2.5, BOB@OWMCA-5,  
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Figure 8 Digital photographs of the photodegradation of RhB before (a) and after (b,C) 

visible light irradiation using the as-prepared BOB@OWMCA-10. 

BOB@OWMCA-10, BOB@OWMCA-20 degraded 81.0%, 92.0%, 

95.2% and 100% of RhB in 120 min under visible light 

irradiation, respectively. 

Of importance here is that the BOB@OWMCA composite as a 

monolithic photocatalyst has a remarkable advantage for facile 

separation from the reaction system. As shown in Figure 8a 

and b, BOB@OWMCA composite maintains high shape 

stability during the whole degradation process of RhB. Unlike 

the conventional filtration or centrifugation separation process 

for granular BiOBr photocatalyst, the floating BOB@OWMCA 

composite can be easily collected for separation (Figure 8c). 

After removal of the absorbed RhB by a simple squeezing 

process, the adsorption and photodegradation capacity of 

BOB@OWMCA were decreased (not shown), which can be 

attributed to the residual RhB absorbed inside OWMCA and 

the collapse of 3D porous structure. In fact, molecules of RhB 

adsorbed onto the BOB@OWMCA composite should be easily 

removed by further irradiating with fluorescent lamps (λ = 

400–800 nm) in the solid conditions for a prolonged time. 

Conclusions 

In summary, a novel BiOBr decorated carbon-based aerogel 

composite photocatalyst was successfully assembled via a 

facile solvothermal method using TEMPO-mediated oxidized 

winter melon carbonaceous aerogel (OWMCA) as a support. 

The active functional groups and defects on the surface of 

OWMCA were advantageous to the growth and immobilization 

of BiOBr, resulting in a homogenous distribution of BiOBr 

nanosheets with high loading on the surface of OWMCA. Due 

to the ultralight weight and high specific surface area, OWMCA 

support provided an efficient platform to strengthen the 

adsorption capability and photodegradation activity for 

organic dye (RhB). The as-prepared BOB@OWMCA composite 

with a proper ratio presented an RhB removal efficiency of 

almost 100% under 120 min under visible light irradiation. 

Furthermore, the BOB@OWMCA was easily collected and 

separated from the reaction system. This strategy of anchoring 

photocatalyst on low-cost biomass-based support will promote 

the scale-up synthesis of semiconductor visible light 

photocatalysts that combine enhanced photodegradation 

activities with easy separation property used in practical 

application. 
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