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Abstract

:

In the present study, the removal of valsartan (VLS), an antihypertensive agent, under simulated solar radiation with the use of molybdenum sulfide-bismuth oxychloride composites (MoS2/BiOCl), of variable MoS2 content (0.1–10.0 wt.%) was investigated. The physicochemical properties of the photocatalysts were examined by XRD, DRS, BET and TEM/HRTEM. Preliminary tests were conducted to examine the photocatalytic efficiency of the synthesized MoS2/BiOCl composites towards VLS degradation in ultrapure water (UPW). It was found that the activity of pure BiOCl is improved with the addition of MoS2. The degradation rate was maximized with the use of the catalyst containing 0.25 wt.% MoS2. It was also found that the increase in catalyst concentration (50–1000 mg/L) enhances VLS degradation. It was found that VLS removal decreased by increasing VLS concentration. The effect of the water matrix on VLS removal was studied by carrying out experiments in real and synthetic water matrices. VLS degradation in UPW was faster than in bottled water (BW) and wastewater (WW), mainly due to the existence of organic matter in real aqueous media. Lastly, 0.25 wt.% MoS2/BiOCl showed great stability after 360 min of irradiation, serving as a promising catalyst for water remediation of emerging contaminants under solar irradiation.
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1. Introduction


The ubiquity of pharmaceutically active compounds (PhACs) in aqueous media is one the biggest topics of concern for the 21st century [1,2,3]. PhACs mainly end up in waters through direct uncontrolled discharge from hospitals, households and industries, as well as through excretion from humans and animals’ faeces or urine [2,3].



According to some studies, antihypertensive compounds are one of the PhACs groups that have high total average concentration in influent wastewaters. One of the compounds that is frequently prescribed is VLS, which is a highly selective and orally active Angiotensin II receptor antagonist (ARA-II) for hypertension and heart failure treatment [4,5]. VLS is mainly recovered in faeces and urine when given as an oral solution. Approximately 20% of the dose is recovered as metabolites, so the recovery is more as an unchanged compound [6]. There have been reports of its presence in wastewater treatment plants all over the world, at concentrations between 11 ng/L and 6 μg/L [7,8,9,10]. These levels prove VLS minor degradation by conventional wastewater treatments plants. Therefore, alternative treatments need to be developed to remove VLS from waters.



Advanced oxidation processes (AOPs) can be a viable choice for the elimination of compounds of this type, as they have shown a great potential in treating pollutants of low or high concentration of organic compounds [11,12]. These technologies are based on hydroxyl radical (·OH) production, which can be activated by ozone, hydrogen peroxide, heat, etc. These radicals are highly reactive and can oxidize a large number of organic compounds [13]. Within the AOPs, semiconductor photocatalysis has demonstrated its ability to decompose a great variety of PhACs from water and wastewater [14,15]. Most researchers have focused on titanium dioxide (TiO2)-based catalysts, since TiO2 possesses the majority of the desirable features of a photocatalyst—low cost, high stability and zero toxicity [16]. However, due to its wide bandgap (3.0–3.2 eV) it is active only under UV radiation. As a result, researchers have concentrated their efforts on developing photocatalysts that achieve maximum photocatalytic activity in the full range of the electromagnetic spectrum, the solar system [17].



Bismuth-based materials have attracted considerable attention for organic dyes and especially PhACs degradation under visible light irradiation [18]. For instance, promising results came by using bismuth vanadate (BiVO4) for the removal of both organic dyes and antibiotics [19,20,21]. However, despite its low bandgap (2.4 eV), low toxicity and low cost [22], BiVO4 suffers from excessive electron-hole recombination [23]. Moreover, bismuth oxyhalides (BiOCl, BiOI and BiOBr), have shown high performance in different photocatalytic configurations [24,25,26]. Among them, BiOCl, due to its layered structure, has an internal electrostatic field, resulting in the successful separation of photogenerated electron-hole pairs [27,28,29,30]. As a result, it has been successfully adopted as photocatalyst in many studies [27,28,29,30]. For example, Zhang et al. [24] used BiOCl to degrade methyl orange (MO) dye, showing superior performance than TiO2 (P25). However, its large band gap energy (3.2 eV) restricts its activity only under UV light [27,28,29,30]. In order not only to extend BiOCl’s visible light harvesting properties, but also to enhance its photocatalytic activity, researchers have proposed many morphological and structural modifications [31,32,33]. Zang et al. prepared a Z-scheme Ag/BiOCl/AgIO3 heterojunction, characterized by desired electronic properties, showing higher rhodamine B degradation rate than pure BiOCl [31]. In a similar manner, a heterogeneous doped interface Ta-BiOCl/Bi also showed improved catalytic activity for the elimination of both rhodamine B and tetracycline compared to Ta-BiOCl, BiOCl/Bi and BiOCl [32]. Moreover, the photodegradation of ciprofloxacin was greatly enhanced using PVP-induced Bi2S3/BiOCl heterostructures [33]. In other studies, Bao et al. [34] reported that BiOCl/TiO2 was an efficient photocatalyst to degrade antibiotics under visible-light irradiation.



Molybdenum disulfide (MoS2) is a silver black solid that is similar to graphite and has attracted researchers’ enthusiasm in recent years [35,36]. MoS2, with a narrow band gap (1.3–1.8 eV), is a promising two-dimensional material which demonstrates large surface area and high electrical conductivity, implying that it could be used as a suitable catalyst support [37,38]. Until now, no report has discussed the application of BiOCl combined with MoS2 in the degradation of pharmaceuticals, but only in common dyes, such as rhodamine B [35,39].



In this respect, this work investigates the heterojunction structure between MoS2 and BiOCl as a promising photocatalyst in the elimination of VLS under solar radiation. Issues associated with the effect of catalyst composition, stability and process parameters, including catalyst concentration, type of irradiation, initial pH solution, the quality of actual and synthetic water matrices on VLS degradation are also studied.




2. Results


2.1. Catalyst Characterization


Figure 1 shows the XRD patterns of pure BiOCl and MoS2 samples as well as of the composite MoS2/BiOCl photocatalysts. For BiOCl, the diffraction peaks can be indexed to the well-crystallized tetragonal phase of BiOCl (JCPDS 6-249), in accordance with previous studies [35,39]. Specifically, the peaks located at 24.2°, 32.5°, 33.6°, and 46.8° are, respectively, indexed to (002), (110), (102), and (200) crystal planes of tetragonal BiOCl. It is observed that with the addition of MoS2 to these peaks gradually became less sharp, indicating that the primary crystallite size becomes smaller. These phenomena are more evident for the samples containing 1 and especially 10 wt.% MoS2. The primary crystallize size of the synthesized photocatalysts are shown on Table 1. It is observed that crystallite size reduces from 26 nm for pure BiOCl to 10 nm for 10 wt.% MoS2/BiOCl. The XRD pattern of pure MoS2 matches well with the JCPDS card 9-312 for MoS2 and its crystallite size was found to be equal to 1 nm. Table 1 also presents the specific surface area of all samples. It appears that specific surface area of BiOCl increases with the addition of MoS2. Zeta potential measurements (Figure 1B) revealed that the 0.25 wt.% MoS2/BiOCl surface is negatively charged throughout pH scale. In addition, at more basic conditions, the negative charge increased.



Figure 2A,B presents characteristic TEM images of BiOCl. It is observed that BiOCl consists of nanoplates with diameter ranging from 42 to 125 nm with average thickness equal to ~13 nm. It is interesting to note (Figure 2B) that the edges of the nanoplates are made up of very small spheres. The addition of MoS2 (Figure 2C,D) does not seem to bring about significant changes in the morphology of BiOCl. However, small spherical nanoparticles with an average diameter equal to ~3 nm are evident all over the surface of BiOCl. HRTEM images can provide a clearer view of the material structure by measuring the identified intra-atomic distances. Considering pure BiOCl (Figure 2E), the lattice spacing of 0.34 nm corresponding to the (101) plane of BiOCl prevails. After the addition of MoS2 (Figure 2F), no additional lattice spacings could be observed; however, at the BiOCl surface, small spherical particles can be observed, probably attributed to MoS2, due to its low crystallinity.



UV–visible diffuse reflectance spectroscopy was adopted in order to investigate the optical properties of all the synthesized materials (Figure 3A). It is observed that BiOCl has an absorption threshold at λ ~450 nm, which remains practically intact after the addition of relatively small quantities of MoS2. However, 10 wt.% MoS2/BiOCl sample is characterized by improved absorption at the visible part of the solar spectrum. Furthermore, the band gap of the photocatalysts was defined from Tauc plots (Figure 3B). The pure BiOCl band gap was found to be equal to 2.5 eV, in accordance with previous studies [39]. Moreover, despite the fact that composite samples show greater absorption in higher wavelengths, their band gap value is not practically altered after MoS2 addition.




2.2. Catalyst Activity


Preliminary tests were carried out to evaluate the photocatalytic activity of BiOCl and to examine whether the heterojunction of BiOCl with MoS2 could improve its photocatalytic activity for VLS removal in ultrapure water (UPW) under simulated solar irradiation. Experiments were conducted at 1000 mg/L catalyst concentration. As seen from Figure 4a, the addition of small amounts of MoS2 up to 0.25 wt.% increases the photocatalytic activity of BiOCl; complete degradation of VLS was observed after 60 min, where only 80% VLS was degraded at the same time in the case of pure BiOCl. However, a further increase in the amount of MoS2 results in a decrease in VLS degradation rate. The best outcomes were confirmed for the catalyst loaded with 0.25 wt.% MoS2, where 0.5 mg/L VLS was degraded after 60 min. It is worth mentioning that photolysis alone does not participate to VLS degradation, as only 10% 0.5 mg/L VLS was degraded after 60 min. To estimate reaction rates, the degradation of VLS is considered to follow a pseudo-first order kinetic expression, (Equation (1)) [40]:


  −   dC   dt   = kC  ⇒    ln      C 0   C    =  k  app    t   



(1)




where C and C0 is VLS concentration at time t = t and t = 0, respectively, and kapp is an apparent rate constant incorporating the relatively constant concentration of oxidizing species.



The computed apparent constant rates are shown in Figure 4b. In the same Figure adsorption results (in the absence of irradiation) for each case are also presented. In view of these results, the rate constants corresponding to 0.1 MoS2/BiOCl, 0.25 MoS2/BiOCl, 1 MoS2/BiOCl, 10 MoS2/BiOCl and pure BiOCl for the degradation of VLS are calculated as 0.0284, 0.0517, 0.0318, 0.0113 and 0.0305 min−1, respectively, indicating that 0.25 MoS2/BiOCl composite has the highest degradation performances.



As demonstrated in Scheme 1, photogenerated electrons and holes are produced over BiOCl and MoS2 under solar irradiation. Because of the relative position of their conduction (CB) and valence band (VB), when making contact, electrons will be moved to the CB of BiOCl, and holes will be transferred in the VB of MoS2 [39,41]. At the same time, p–n heterojunctions are created at the interfaces of the p-type MoS2 and the n-type BiOCl semiconductors, thus hindering their recombination [42,43]. Photogenerated species can now start redox reactions for VLS degradation. VLS can be oxidized directly by photogenerated holes, while photogenerated electrons reduce absorbed O2 resulting in the formation of more reactive species (i.e., superoxide anions) which can also contribute to VLS oxidation.




2.3. Effect of Operating Conditions


VLS degradation as a function of rising catalyst loading in the range 50–1000 mg/L is shown in Figure 5. It is observed that increasing catalyst concentration VLS degradation increases, with complete degradation achieved after 60 min of irradiation at 1000 mg/L 0.25 MoS2/BiOCl, confirming the relationship between the photocatalyst sites available for reaction and the degradation rate [44].



The impact of changing initial VLS concentration between 0.25 mg/L and 1 mg/L on its destruction is shown in Figure 6. As it can be seen, VLS degradation rises with decreasing its initial concentration. For example, 77% removal occurs after 15 min of irradiation at 0.25 mg/L concentration and 82%, 22% at 0.5 and 1 mg/L, respectively. The computed apparent rate constants are 0.1003, 0.0517 and 0.0138 min−1 at 0.25, 0.5 and 1 mg/L initial concentrations of VLS, which implies that the reaction is not true first order since the rate alters with concentration and the data fit to Equation (1). The concentration of reactive species becomes the limiting reactant as VLS concentrations rise, explaining the observed near-zeroth order kinetics. [40].



Additional tests were performed to find out if the type of irradiation affects the destruction of 0.5 mg/L VLS in the presence of 1000 mg/L 0.25 MoS2/BiOCl, and results are presented in Figure 7. After 60 min of irradiation, 70% and 30% removal of VLS was achieved under UV and visible irradiation, respectively, showing that, under solar irradiation, VLS degradation occurs to a significant extent, with kapp = 0.0517 min−1, which is 4 times higher than kapp = 0.0131 min−1 under UV irradiation. As a result, the ultraviolet portion of the solar spectrum tends to have a significant impact on VLS degradation.



To explore the photocatalytic activity of 0.25 MoS2/BiOCl in various water matrices, experiments were performed in actual and synthetic matrices, including WW, commercially available BW and UPW spiked with HA, chloride and bicarbonate compounds and the results are summarized in Figure 8. HA was chosen to simulate the organic matter found in natural waters, in concentrations that match the organic compound of real water matrices in inherent pH. As seen in Figure 8a, degradation in WW and in BW is entirely blocked, confirming that the organic and inorganic constituents of WW and BW compete fiercely with VLS for the catalyst’s reactive species. However, when a mixture containing the amounts of bicarbonates and chlorides that comprise commercially available BW, was added in UPW, an enhanced behaviour on the degradation of VLS compared to BW observed, implying that probably the presence of organic matter restricts the degradation rate. To confirm this assumption, additional tests were carried out in UPW with different concentrations of HA, sodium bicarbonate and sodium chloride, and the results, expressed as apparent kinetic constants, are given in Figure 8b. Indeed, the addition of HA has a negative impact on removal rate; the rate decreases as HA concentration increases, while no considerable effect was seen when chloride ions (Cl−) was added in UPW at 50–150 mg/L. In contrast, it seems that bicarbonates alone, at low concentration (30 mg/L), has a positive effect on VLS removal. Bicarbonate and carbonate ions (HCO3−, CO32−) are usually assumed to decrease photocatalysis efficiency by scavenging ·OH and forming carbonate radicals, which is characterized by lower oxidation potential (E° = 1.78 V at pH = 7) than ·OH (E° = 2.3 V at pH = 7) [45]. Carbonate radicals, on the other hand, are considered more stable and they have a longer lifetime than ·OH, so they can disperse away from the catalyst surface and react with organic molecules in the liquid bulk rapidly [46]. As a result, the organic constituents of the WW matrix, as well as the presence and scavenging behaviour of the WW matrix unknown constituents, may have a negative impact on VLS degradation.



Additional tests were conducted to assess the impact of initial pH values on 0.5 mg/L VLS decomposition. The inherent value of 5.5 in UPW was adjusted to acidic (pH = 3.1) and basic (pH = 9.7) conditions and results are depicted in Figure 9. As it can be observed, after 60 min of irradiation VLS was degraded at inherent pH, while only 60% VLS was degraded under acidic and basic conditions. Moreover, at acidic and basic conditions computed constant rates was decreased at 0.0155 and 0.0144 min−1, respectively. The observed reduced SMX removal in basic environment could be associated with the growing electrostatic repulsion between 0.25 MoS2/BiOCl and SMX since both are negatively charged. This is verified by photocatalyst’s zeta potential measurements (Figure 1B), showing its surface negative charge at pH > 9. On the other hand, under acidic conditions, electrostatic attraction would be expected to lead to improved SMX degradation. The fact that this was not observed is probably due to catalyst dissolution at acidic pH.




2.4. Mechanism of VLS Degradation and Catalyst Reusability


Additional experiments were carried out using scavengers, such as t-butanol and EDTA, at concentrations higher than VLS, with the results shown in Figure 10. The addition of tert butanol (2.5 g/L), which acts as an ·OH scavenger, appears to have little impact on VLS destruction. In the presence of EDTA, a well-known hole scavenger; however, the degradation is quenched [47], indicating that the most active species for the photocatalytic degradation of VLS are the photogenerated hole. This result came to an agreement with previous studies, using EDTA as a scavenger [35]. Therefore, it is justifiable to assume that h+ active species plays the most crucial role in the degradation procedure. These findings are in accordance with the proposed photocatalytic degradation mechanism (Scheme 1), where it is shown that the VB of MoS2 is located at +1.81 V vs. NHE, while the potential of •OH formation is 2.38 V vs. NHE, thus not allowing their formation.



The catalytic activity of 0.25 MoS2/BiOCl upon repeated use for the degradation of 0.5 mg/L VLS was explored in a final series of experiments. The reaction mixture was exposed to irradiation for 90 min, after which the residual VLS concentration was determined. Then, the reactor was re-loaded up to 0.5 mg/L VLS and further irradiated for 90 min. Figure 11 shows the outcome of repeating this cycle twice. The extent of VLS degradation was near 90% for all four cycles, showing that this catalyst exhibits excellent stability on the photocatalytic degradation of VLS.





3. Materials and Methods


3.1. Chemicals and Water Matrices


Valsartan (VLS: C24H29N5O3) was obtained from the Pharmaceutical Department of the University of Patras. For catalyst preparation, bismuth (III) nitrate pentahydrate (Bi(NO3)3·5H2O), ammonium molybdate ((NH4)2MoO4) and acetic acid (CH3COOH) were supplied by Sigma-Aldrich. Ethylene glycol (HOCH2CH2OH, 99+%) and thiourea (CH4N2S, 99%) were supplied by Alfa Aesar and potassium chloride (KCl) was supplied by Merck. Sodium chloride (NaCl, CAS:7647-14-5), sodium bicarbonate (NaHCO3, CAS:144-55-8) and humic acid (HA, CAS:1415-93-6) were purchased from Sigma-Aldrich (Saint Louis, MO, USA).



The main water matrix characteristics used in this study are: Ultrapure water (UPW) produced by a water purification system with resistivity 18.2 MΩ·cm at 25 °C, bottled water (BW) (pH = 7.7, 355 μS/cm conductivity, 237 mg/L HCO3−, 3.7 mg/L Cl−, 7.8 mg/L SO42−, 1.1 mg/L NO3−), secondary treated wastewater (WW) (pH = 8, 8.8 mg/L total organic carbon).




3.2. Preparation of Photocatalyst


MoS2/BiOCl composites in powder form were prepared by a deposition–precipitation method [39]. A pre-weighted amount of MoS2 was dissolved in 100 mL ethylene glycol:UPW (C2H4O:UPW, 1:1 v/v ratio). After that, 4.8 g of Bi(NO3)3·5H2O was added in the solution and left under stirring (solution A), whereas 0.7 g of thiourea was dissolved in 10 mL of UPW (solution B). After 10 min, solution B was added in solution A, followed by addition of 0.7 g KCl. Finally, 100 mL of acetic acid solution (2% v/v) was added dropwise into the system. The resulting mixture was left under vigorous stirring for 1 h at room temperature. The final product was separated by vacuum filtration and dried at 70 °C overnight. Composites with different mass ratios of MoS2 to BiOCl were prepared by varying the amounts of MoS2 in the starting solution, while keeping the content of BiOCl constant. The prepared photocatalysts are denoted in the following section as xMoS2/BiOCl, where x is the mass ratio of MoS2 to BiOCl.



Pure BiOCl was prepared using the same method but in the absence of MoS2.



Pure MoS2 was synthesized as follows [48]: 0.80 g of (NH4)2MoO4 and 5.12 g of thiourea, (NH2)2C=S, were added in 45 mL of triply distilled water, with magnetic stirring until they dissolved. This solution was then transferred in a 120 mL stainless steel autoclave and heated at 200 °C for 16 h. The final product was separated by vacuum filtration and dried at 70 °C overnight.




3.3. Catalyst Characterization


The crystalline structure of the as prepared sample was studied with the use of a Bruker D8 Advance instrument with a Cu Ka source (λ = 1.5496 Å, 10°–80°, scan rate of 0.05° s−1, step size of 0.015°). Phase identification was based on JCPDS cards. The primary crystallite size of nanocrystals was estimated by means of the Debye–Scherrer’s formula [49]. A UV–vis spectrophotometer (Varian Cary 3e) with an integrating sphere, using BaSO4 as a reference, were used to obtain the diffuse reflectance spectrum of BiOCl. SEM images were recorded using a JEOL 6300 microscope equipped with an energy dispersive spectrometer (EDS) allowing elemental mapping of the photocatalytic material. The specific surface area of the sample was determined by means of nitrogen physisorption at the temperature of liquid nitrogen (77 K), (BET method), with the use of a Micromeritics Gemini III-2375 Surface Area Analyser. A Gatan model 782 ES500 W Erlangshen CCD camera was used for TEM analysis. A Malvern Zetasizer was used to conduct zeta potential measurements using laser Doppler micro-electrophoresis.




3.4. Experimental Procedure


In order to prepare the photocatalytic reactor (a Pyrex glass vessel), the desired amount of a stock VLS solution (65 mg/L) was added in UPW to achieve the desired initial SMX solution (0.5 mg/L in most cases). Then, the appropriate photocatalyst loading was added and the solution was left in the dark for 15 min to set up the absorption–desorption balance. A solar simulator (Oriel, model LCS-100, equipped with a 100 W xenon ozone-free lamp) provided the required radiation with an incident intensity equal to 7.3 × 10−7 Einstein/(L.s) [47]. VLS degradation was monitored by high performance liquid chromatography (Waters Alliance 2695), as described elsewhere [22].





4. Conclusions


In the present work, a series of MoS2/BiOCl composites with different MoS2 mass ratios were tested for VLS photocatalytic removal. Summarizing:




	
The addition of small amounts of MoS2 on BiOCl enhanced its photocatalytic activity, which is maximized for the 0.25 wt.% MoS2 sample.



	
Several operating factors influence VLS degradation kinetics, such catalyst and VLS concentration and the water matrix.



	
The organic matter present in real water matrices seem to slow down VLS removal rate.



	
The photogenerated holes are proposed to be the primary oxidative species in the system.



	
The as-synthesized 0.25 MoS2/BiOCl photocatalyst exhibits excellent performance after repeated use.
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Figure 1. (A) X-ray diffraction patterns obtained for pure BiOCl and MoS2/BiOCl photocatalysts. (B) Zeta potential of 0.25 wt.% MoS2/BiOCl as a function of pH. 
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Figure 2. TEM images of (A), (B) BiOCl and (C), (D) 0.25 wt.% MoS2/BiOCl at different magnifications. HRTEM images of (E) BiOCl and (F) 0.25 wt.% MoS2/BiOCl. 
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Figure 3. (A) UV–vis diffuse reflectance spectra obtained for for pure BiOCl and MoS2/BiOCl photocatalysts. (B) Tauc plot obtained from the DRS spectrum. 






Figure 3. (A) UV–vis diffuse reflectance spectra obtained for for pure BiOCl and MoS2/BiOCl photocatalysts. (B) Tauc plot obtained from the DRS spectrum.



[image: Catalysts 11 00650 g003]







[image: Catalysts 11 00650 g004 550] 





Figure 4. (a) Photocatalytic activity of 1000 mg/L BiOCl and MoS2/BiOCl composites for the degradation of 0.5 mg/L VLS in UPW. (b) Relationship between apparent rate constant and the different composites of the synthesized catalyst. 
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Scheme 1. Simplified diagram showing the relative band edge positions and charge separation in irradiated MoS2/BiOCl photocatalyst. 
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Figure 5. Effect of the catalyst concentration of 0.25 MoS2/BiOCl on the degradation of 0.5 mg/L VLS under simulated solar irradiation in UPW. 
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Figure 6. Effect of VLS concentration on its degradation with 1000 mg/L 0.25 MoS2/BiOCl in UPW under solar irradiation. 
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Figure 7. Effect of the type of irradiation on 0.5 mg/L VLS degradation with 1000 mg/L 0.25 MoS2/BiOCl in UPW. 
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Figure 8. (a) Effect of water matrix on 0.5 mg/L VLS degradation with 1000 mg/L 0.25 MoS2/BiOCl under solar irradiation. (b) Constant apparent rates of the degradation of 0.5 mg/L VLS in UPW spiked with different constituents. 
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Figure 9. Effect of initial pH solution on the degradation of 0.5 mg/L VLS with 1000 mg/L 0.25 MoS2/BiOCl in UPW. 
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Figure 10. Effect of scavengers on the degradation of 0.5 mg/L VLS with 1000 mg/L 0.25 MoS2/BiOCl. 
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Figure 11. VLS removal for four consecutive runs using 0.25% MoS2/BiOCl. 
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Table 1. Characterization of the synthesized catalysts.
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	Samples
	Primary Crystallize Size, nm
	SSA, m2/g





	10 wt.% MoS2/BiOCl
	10
	38



	1% wt.% MoS2/BiOCl
	19
	27



	0.25% wt.% MoS2/BiOCl
	26
	20



	0.1% wt.% MoS2/BiOCl
	26
	18



	BiOCl
	26
	21
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