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Abstract


Kaolin is a common mineral resource that is used commercially. However, when processed, it generates a large amount of waste, usually rich in kaolinite, mica and quartz, which gives rise to the need to manage and reuse these mineral residues, in agreement with the SDG 12/UN (ensuring sustainable consumption and production) requirements. Therefore, this work aims to explore how to add value to this residue via its use as a photocatalytic support for TiO2, while also meeting the SDG 6 (clean water and sanitization) requirements. After determination of its chemical and mineralogical composition, the residue underwent mineralogical separation, by mechanical stirring and sieving of its aqueous suspension. After separation, TiO2 was deposited on the quartz fraction of the residue by the modified-Pechini method, using different quartz proportions and at different calcination temperatures. For the deposition of TiO2 on the mica fraction, the conventional hydrothermal synthesis was used, with 20% of the mica. Each material was tested in a photohydroxilation of terephthalic acid under UV-C irradiation to evaluate the formation of hydroxyl radicals. The results of the photocatalytic tests demonstrated that quartz and mica are inert to photocatalysis but provide an interesting support for TiO2. The highest photocatalytic efficiency was obtained for the material synthesized at 600 °C with 20% of the quartz.
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1. Introduction


Mineral resources have significant importance for several economical branches [1]. Among the most traded minerals, kaolin stands out as a mineral resource of wide use, not only for the ceramic industry, but also for sectors such as paper and rubber production [2,3,4]. But the demand for higher productivity and the continuous utilization of rudimentary techniques for kaolin extraction cause negative impacts to the environment since the mineral processing generates a large amount of waste. It is estimated that approximately 80% of processed kaolin ends up in the form of waste, mainly deposited in the surroundings of processing industries or in the form of sludge, which especially contaminates rivers due to its accumulation on rivers’ sides and due to the capacity of kaolinite to carry mining residues, such as heavy metals. [5]



Despite this, kaolin waste has great potential for reuse as it is mainly composed of mica, quartz and kaolinite [6]. Traditionally, this type of mineral waste is reused for replacing components in mortars, cement and other ceramic paste formulations [7,8], as an additive for polymers [9] and as a raw material for the synthesis of mullite [10,11], cordierite [12], molecular sieves [13] and zeolites [14]. In addition, it is possible to allocate these minerals to applications that increase the value of the ores with a higher level of technology. For instance, zeolites [15,16] and coal measure kaolin [17] were applied as adsorbents for dyes, while Al-MCM-41 was used in the esterification reaction of oleic acid to obtain biodiesel [18]. Given the thermal stability and low density of kaolinitic minerals [19], it is valid to explore the contributions that such materials can offer as supports for the immobilization of photocatalytic materials; in particular, its non-toxicity, insolubility in water and great stability when exposed to temperature variation or biological activity allow its utilization for water bodies’ decontamination [20]. For instance, Trindade et al. [4] applied untreated kaolin waste as a support for ZnO and Ag3PO4, and applied the composite as a photocatalyst and bactericide.



The reuse of mineral waste for environmental remediation meets two of the Sustainable Development Goals (SDG) of the United Nations: SDG 12—ensuring sustainable consumption and production and SDG 6—clean water and sanitization



TiO2 is a semiconductor oxide, known as one of the most used photocatalysts on its crystalline phase anatase due to its low cost, stability, high reactivity and ability to react with a big variety of organic pollutants [21,22,23,24,25]. One of the main concerns regarding the photocatalysis of TiO2 is the separation of the catalyst after its use, as it remains as agglomerated and suspended particles and should pass through phase separation processes [26,27,28]. In this way, the use of supporting materials is presented as a solution to avoid the need for such processes, reducing costs and ensuring the greater efficiency of the photocatalytic reaction. Commonly, support materials must have strong adhesion to the photocatalytic material and provide an increase in surface area and adsorption capacity. Thus, porous materials such as silica [29,30] and activated carbon [31] are widely employed to increase the interaction between the catalyst and the pollutant and enhance the photocatalytic activity and adsorption capacity. Other materials used as supports include clays [32], glass [33], metal alloys [34] and polymers [35], among others [36]. Ceramics industry support materials, such as kaolinitic clays, have also been considered useful materials for making TiO2 composites, which enhance the removal of organic dyes due to their adsorption properties and large surface area [37,38].



Quartz and mica, which form a significant portion of kaolin residue, have also been studied for use for the immobilization of photocatalysts. Fernández et al. [39] evaluated the deposition of TiO2 on glass, quartz and stainless steel by different methods. Among the three supports, quartz proved to be the most efficient one since it is in an inert phase that does not generate electron/hole recombination centers, making it different to glass and steel, which enable the migration of cations to the crystalline semiconductor lattice. Moreover, quartz sand [40,41] and quartz fiber [42,43] also present significant benefits as support material for photocatalytic materials. In addition to the positive effect of the quartz, the use of mica as a support material demonstrated an effective improvement in the photocatalytic activity [44,45]. Zeng et al. [46] deposited LaNi0.95Fe0.05O3 onto a muscovite substrate, which avoided easy agglomeration and provided a degradation rate of methyl orange of 99.03%. Wang et al. [47] developed a TiO2@mica photocatalyst that presented a degradation rate of methyl orange of 95%, even after five reuses.



So, this paper aims to investigate the effectiveness of residual mica and quartz obtained from kaolin waste, used as immobilizers for TiO2 and applied as heterogenous photocatalysts with an important contribution to make in terms of sustainability and in meeting two of the SDG targets.




2. Materials and Methods


The whole process used in the present work is summarized in Figure 1 and described in the following subsections.



2.1. Mineralogical Separation


Initially, a suspension was made with 150 mL of distilled water and 50 g of kaolin waste. The suspension was agitated in a mechanical agitator, for 1, 2, 3 and 4 h, at a frequency of 500 rpm. Subsequently, the suspension was placed in a 100-mesh sieve in a vibratory system for 15 min and then dried, in order to separate the kaolinite fraction. The separation of the mica and quartz phases was performed manually due to the different morphologies of each mineral.




2.2. Deposition of TiO2 on Quartz by the Modified-Pechini Method


Initially, titanium citrate was synthesized by solubilization of citric acid (99.5%, Cargill) in distilled water, under agitation, and addition of titanium isopropoxide (97%, Sigma-Aldrich, St. Louis, MO, USA), under drip, with a molar ratio of citric acid and metallic cation of 3:1. For the formation of the polymeric resin, ethylene glycol (99%, Synth, San Francisco, CA, USA) was added to the titanium citrate solution, with a mass ratio of 60/40 of citric acid and ethylene glycol. Quartz obtained from the kaolin waste was macerated in 60 mesh and added to the system in different amounts (0%, 20%, 40%, 60% and 80% of quartz in relation to the mass of TiO2). At the end of the reaction, the resulting resin was calcined at 300 °C for 2 h and deagglomerated in 100-mesh sieve. The resulting material was calcined again at four temperatures (500 °C, 600 °C, 700 °C and 800 °C). Finally, the resulting powders were deagglomerated in 200-mesh sieve. Samples were named based on the amount of quartz and the temperature, using the code pattern QxxTyyy, where xx is the percentage of quartz and yyy is the calcination temperature.



In addition, a sample of   T i  O 2    without the addition of quartz was synthetized for comparison of the photocatalytic performance of the pure photocatalyst and the composites.




2.3. Deposition of TiO2 on Mica by the Hydrothermal Method


The deposition of TiO2 nanoparticles on mica was performed by the conventional hydrothermal method. A suspension of 0.07 mol L−1 of titanium isopropoxide in ethanol (99%, Exodo, Jaén, Spain) was prepared. The mica obtained from the kaolin waste was added, in the form of flakes and also in 200-mesh size, in the proportion of 20% of mass of TiO2. The system remained under agitation for 30 min. After homogenization, the suspension was transferred to a Teflon reactor, which was placed in an autoclave reactor for the hydrothermal reaction, which occurred at 200 °C for 48 h. At the end of the reaction, the material was separated by centrifugation and dried.




2.4. Characterization of the Material


The kaolin waste and the synthesized composites were characterized by X-ray fluorescence in a spectrometer EDX 720 (Shimadzu, Kyoto, Japan) and by X-ray diffraction (XRD) with a diffractometer Lab X-XRD-6000 (Shimadzu, Kyoto, Japan) with power of 2 kVA, voltage of 30 kV and current of 30 mA. Scans were performed in the range 2θ from 5° to 75° and speed of 0.5° min−1 using Cu Kα radiation, and crystallite sizes were calculated by Scherrer equation. The synthetized materials were also characterized by UV–vis spectroscopy in an UV-2600 spectrophotometer, from Shimadzu (Kyoto, Japan). The analyses were performed in a range of 200 to 1400 nm, to calculate the band gap of the materials using the Tauc method [48]. Images from field emission scanning electron microscopy (FE-SEM) were obtained with microscope MIRA3 LMH (TESCAN, Brno, Czech Republic), with chemical analysis using a dispersive energy spectrometer (EDS) Ultim Max 65 (Oxford, Abingdon, UK). Particle sizes were measured by dynamic light scattering (DLS) in Zetasizer Ver. 7.13 Malvern equipment (Malvern, UK), using 0.1 mM NaNO3 solutions to prepare suspensions of the different samples.




2.5. Photocatalytic Tests


The photocatalytic tests were performed in a lab made UV-C reactor. Terephthalic acid acts as an indicator of the photocatalytic reaction because, when reacting with hydroxyl radicals, it produces 2-hydroxy-terephthalic acid, which has fluorescence with maximum intensity at 426 nm. The photocatalytic reaction was performed using a terephthalic acid solution with concentration of 0.4 mmol L−1 and 200 mg of each catalyst, under magnetic stirring. Aliquots were removed every 30 min for up to 2 h of irradiation and the suspension was centrifuged for separation of the supernatant. A spectrofluorimeter (Agilent Tecnologies, Santa Clara, CA, USA) was used to verify the fluorescence of the solutions, with a wavelength between 370 and 500 nm.





3. Results


3.1. Mineralogical Separation of the Kaolin Waste


The X-ray fluorescence confirmed the presence of the chemical elements characteristic of silicates in the kaolin waste, which has a composition of 52% SiO2, 43% Al2O3, 2% K2O, 1% MgO and 1% Fe2O3. These elements were confirmed by the EDS analysis.



An image of the waste (Figure 2) shows the presence of a thin material impregnated on the surface of coarser grains. Separation of this thin portion was performed by mechanical stirring of the waste suspension in distilled water, followed by wet sieving and manual separation of the coarse minerals and characterization of each mineral fraction by XRD. Analysis of the image using the ImageJ 1.54g software indicated an average particle size of 617 ± 132 mm for quartz and 629 ± 233 mm for mica.



XRD patterns of the mineral fractions of the kaolin waste (Figure 3) presented the main peaks of kaolinite, mica and quartz, according to the ICDD index cards 01-072-2300, 00-034-0175 and 00-005-0490, respectively. The presence of peaks of other elements in each XRD pattern indicates that the separation process was not complete, but a meaningful enrichment of the main phases could be attained.



According to the XRD patterns in Figure 3, the biggest contamination was observed for the kaolinite fraction. Stirring and sieving were used to separate the thin portion of the kaolin waste, mainly composed of kaolinite. It is important to notice that the frequency and rotation time of the mechanical agitator are parameters that must be adjusted to prevent mica and quartz grains from being reduced in size due to mechanical forces of rotation, which causes these minerals to pass through a 100-mesh sieve, affecting the composition of the thin portion of the waste (composed mainly of kaolinite) and reducing the mineralogical composition of the thick waste (composed mainly of quartz and mica). An increase in the rotation speed to 800 rpm increased the amount of mica in the thin portion of the waste, so the speed was fixed at 500 rpm, while the mechanical agitation time was varied from 1 to 4 h in order to reduce the amount of mica in the kaolinite fraction. It was observed that the amount of the thin portion of the waste increases as agitation time increases due to mica enrichment, as displayed in Table 1.



The XRD patterns and photos of the retained residue on 100-mesh sieve are displayed in Figure 4a. The photos of the retained residue are a way to compare the efficiency of the separation process to separate the thin residue of kaolinite from the coarser grains of quartz and mica, since the thin waste is trapped on them. The relative amount of kaolinite in the thin portion of the waste was estimated by the ratio of the main peak intensities of quartz (Q) and mica (M) with the intensity of kaolinite (K), as shown in Figure 4b. According to DLS measurements, after separation, the average particle size of the thin fraction was 368 ± 133 nm, which was much smaller than that of the millimetric particles of quartz and mica in the waste.



It was possible to observe that the amount of the thin portion of the waste passing through 100-mesh sieve increases with the increase in the time of agitation, while the retained coarser grains, Figure 4a, have a grayer color in samples after at least 2 h of mechanical agitation. Moreover, the thin portion of the waste is enriched with quartz after 2 h of agitation (Figure 4b), while an irregular behavior was presented by the mica fraction, probably due to its flake morphology, which can affect its regular milling. These results indicate that the optimal point of separation was attained with 2 h of mechanical agitation of the waste suspension. After separation of the thin waste, residual mica and quartz in the coarse portion of the waste were manually separated as these minerals display a very different morphology.



After separation, each mineral fraction was characterized by XRF. The analysis confirmed the presence of 91% SiO2, 6.5% Al2O3, 1.5% SO3, 1% TiO2, and <1% Fe2O3 in quartz, while mica has a chemical composition of 64% SiO2, 25% Al2O3, 5% K2O, 2.5% SO3, 1.5% Fe2O3, and 1% BaO.




3.2. Deposition of TiO2 on Quartz Waste


The XRD patterns of the composite TiO2@quartz, displayed in Figure 5, exhibited the main peaks of the anatase and rutile phases and also of the quartz, according to the ICDD index cards 00-015-0875, 00-021-1276, and 00-005-0490. The method of Spur and Myers [49] was used to quantify the percentage of anatase and rutile, which is displayed in the legends of the Figures.



The percentage of anatase (A), indicated in the graphs of Figure 5, is an important piece of information to be analyzed, since it is the TiO2 phase with highest photocatalytic activity [50]. It can be observed that the calcination temperature of   T i  O 2    and the amount of quartz influences the anatase/rutile percentage. As expected, the amount of rutile increases with temperature, as this is the most stable TiO2 phase, while anatase is the first one to be crystallized. A sample with 20% of TiO2 was also characterized by XRF to determine its chemical composition, which was attested as 75.5% SiO2, 19% TiO2, 5%   A  l 2   O 3    and <1%   S  O 3   . This result confirms the good stoichiometric control of the modified-Pechini method.



One of the most used photocatalysts is the commercial TiO2 provided by Evonik, the Aeroxide P25 TiO2. This material has 76–80% of anatase, which was used as reference to determine the calcination temperature (600 °C) for the samples with different amounts of quartz. According to Figure 5b, the increase in the amount of quartz increased the amount of rutile in the samples, independently of the calcination temperature. This result indicates that quarts may act as a seed for the rutile crystallization.



The crystallite size of the peak (101) of anatase was calculated using the Scherrer equation. Interestingly, a random variation was observed in relation to the calcination temperature, with values ranging from 60 to 70 nm. In relation to the quartz amount, the crystallite size increased as the amount of quartz in the composite increased, with values of 70 nm, 71 nm, 79 nm and 91 nm, for samples with 20% to 80% of quartz.



The crystallite size of TiO2 is much smaller than the particle size of the composite. According to DLS measurements, quartz has a particle size of 305 ± 118 nm, while TiO2 deposition leads to a small decrease in the average particle size for all composites, but with a random variation concerning the amount of quartz in the materials, with particle sizes varying from 256 ± 59 nm for QT40T600 to 292 ± 43 nm for QT80T600.



The morphology of the samples was analyzed by SEM, as indicated in Figure 6, and confirms that   T i  O 2    particles (Figure 6a) are agglomerated and have nanometric dimensions, as indicated by the crystallite size calculations.



The quartz particles are much larger than the TiO2 nanoparticles, as shown in Figure 6b. Quartz presents a fracture of the conchoidal type, without preferential plane, generating a surface of smooth curves that favors the deposition of nanoparticles with an average particle size of 86 ± 27 nm (determined using ImageJ software), as shown in Figure 6c, and consistent with the crystallite size. The TiO2 deposition was confirmed by EDS analysis, which was used to map the chemical elements present in this composite, as shown in Figure 6d. It is valid to highlight that the material was deposited on a silicon substrate for the SEM analysis, which justifies the Si identified around the particle. The deposition of   T i  O 2    particles on the grains of quartz is evidenced by the emission of the element Ti superposed to Si. When a greater amount of Ti is observed, a smaller amount of Si is also noticed.



The photocatalysts were characterized by UV–vis spectroscopy, as displayed in Figure 7. The obtained spectra allowed the calculation of the band gap of the materials by the Tauc method, as indicated in the graphic subtitles.



The calculated values of the band gap are consistent with the values reported in the literature for semiconductors [51], with only small variations between samples. The small value of the band gap of the quartz sample (2.1 eV) may be assigned to the presence of mica, as displayed in Figure 3, and, considering the 6.5% of Al2O3 in the sample, determined by XRF. All band-gap values of the composites are smaller than 2.9 eV, which is equivalent to 425 nm, indicating that the samples can be excited using radiation in the blue and ultraviolet region, both in UV-A and in UV-C.



Formation of hydroxyl radicals during irradiation of the photocatalysts was confirmed by spectrofluorimeter analysis, which provided results of the photohydroxylation of terephthalic acid, as displayed in Figure 8.



Variation in the calcination temperature indicated that 600 °C is the optimum temperature for the crystallization of TiO2. This behavior is directly related to the anatase/rutile ratio. Analysis of the percentage of anatase by Spurr Myers equation indicates that 83.4% of anatase is present at this temperature, while 91.9% of anatase is present after calcination at 500 °C and 65.6% is present at 800 °C. The synergic effect of anatase and rutile in photocatalytic activity is well known in the literature [52]. P25 is a well-known TiO2 based material, with high photocatalytic activity and 75% of anatase in its composition, which is quite near to the percentage obtained at 600 °C. As expected, the emission of 2-hydroxy-terephthalic acid decreases with increased quartz concentration because quartz is inert to photocatalysis, despite the observed band gap of 2.1 eV [53].




3.3. Deposition of TiO2 on Mica Waste


Considering the results obtained using quartz as support, 20% of mica was used to obtain the composite TiO2@mica for a better comparison between the two photocatalysts. XRD patterns of the composites are displayed in Figure 9a, which displays peaks of anatase, rutile and mica, according to the ICDD index cards 00-015-0875, 00-021-1276 and 00-034-0175, respectively. The anatase percentage (A) of each composite, calculated by the Spur and Myers methods, is showed in the graph’s subtitles. The percentage of anatase is similar to that in the sample of TiO2@quartz-600, which presented the greatest photocatalytic activity among these composites [52].



The results of the UV–vis spectroscopy, shown in Figure 9b, were used to obtain the band gap of the materials by the Tauc method, which is indicated in the graph subtitles. The gap value of the mica composite is within the range of semiconductor materials, with a band-gap value of 2.84 eV, even though it is described as an insulator in the literature [54]. This value can be justified by the defects present in its crystalline structure.



The SEM images confirmed the deposition of TiO2 particles on mica and provided the morphology of the particles. According to the ImageJ software, TiO2 particles supported on mica have a larger size in comparison to quartz composites, with an average size of 709 ± 371 nm, which may not be considered as nanometric. TiO2 particles are agglomerated on mica substrate (Figure 10a), which can be identified by its layered structure, as shown in Figure 10b,c. This structure can be easily exfoliated into thin sheets, which could make the deposition of nanoparticles more viable. Despite this, deposition was not homogeneous, and some mica particles were completely covered by TiO2 nanoparticles, while other mica particles were not covered at all (Figure 10c). The EDS analysis confirmed the deposition of TiO2 nanoparticles with a chemical map of mica and TiO2 elements, as observed in Figure 11. EDS spectra were acquired with small magnifications (150×) in order to capture a greater number of particles and decrease the effect of the heterogeneity on the final results. The chemical analysis indicated that 50 mass% of the TiO2 was deposited on the mica waste. This amount is much greater than the amount of TiO2 added during synthesis, but it is in agreement with the intensity of the anatase peak in the XRD pattern (Figure 9a).



The TiO2@mica photocatalyst (Figure 12) presented a lower efficiency compared to the TiO2@quartz, the results of which are displayed in Figure 8. A meaningful increase in activity was attained after milling of the composite, to increase the surface area of the catalyst. Mica flakes and milled mica were also tested, and it was observed that the pure mica is inactive in photocatalysis. It was observed that the anatase percentage in both TiO2@mica and TiO2@quartz with higher efficiency was almost the same. The values are close to the 70/30 ratio of anatase/rutile, which is the proportion of crystalline phases that attest the highest photocatalytic activity [52]. Despite this, the TiO2@quartz presented a photocatalytic activity much higher than TiO2@mica. This could be explained by the less homogeneous distribution of TiO2 nanoparticles on the waste, when the hydrothermal method was used for deposition, in addition to the larger particle size of TiO2 when deposited on mica. Another possible reason for this behavior is the formation of defects usually induced by the modified-Pechini method, which is due to the reducing atmosphere formed during the calcination process, which leads to reduced states of some cations [55,56].



It is possible to notice that the residual minerals, quartz and mica, act as simple supports since the quantity of mineral added is proportional to the reduction in the photocatalytic activity. Therefore, there is no synergistic effect with the use of supporting materials. Despite this, the use of supports brings advantages to the photocatalytic process by facilitating the separation process, especially when the photocatalyst is formed by nanometric particles, as in the case of TiO2. Moreover, deposition of TiO2 on these residues is an alternative use for these materials, increasing their value.



The results of the photocatalytic efficiency were compared to those in the literature, as displayed in Table 2. ZnWO4 was applied as photocatalyst under the same conditions as in this work, and it is included in the Table in order to establish a comparison for the degradation of methylene blue. A direct comparison of degradation values of other works is not possible, as different lamps and reactors were used in different works, but it can be clearly observed that deposition of TiO2 on quartz leads to an interesting material, with commercial value for use as photocatalyst, while deposition on mica leads to less efficiency.





4. Conclusions


The results showed the potential for the effective mineralogical separation of kaolin waste, highlighting the possibility of decreasing the amount of waste by the use of its individual components. The two synthesis methods chosen for the deposition of     TiO  2    nanoparticles on quartz and mica, when separated from the residue, were effective for obtaining the desired materials. The XRD patterns showed that the synthesis temperature and the proportion of support material added to each of the samples affected the proportion of anatase in the TiO2. SEM images confirmed the effective deposition of TiO2 on quartz. From photocatalytic tests, it was confirmed that the material with 20% quartz, and calcined at 600 °C, yields the greatest amount of hydroxyl radicals during irradiation of the photocatalyst. Despite the smaller amount of hydroxyl radicals when compared to quartz, the results for the TiO2 deposited on mica were also promising. The synthesis temperature, the concentration and type of supporting material and the synthesis method affect the anatase/rutile proportion, the band-gap value and the surface area, and influence the photocatalytic properties. Moreover, when comparing the efficiency of the mineral composites with pure TiO2, there is a proportional decrease in photocatalysis efficiency with the amount of support material used. Therefore, it seems that the residue acts as a simple support for photocatalytic materials, without synergistic effect, but favoring the separation process at the end of the reaction. This, coupled with cost reductions, makes the process an important application in the degradation of pollutants.
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Figure 1. Flow chart of the procedure for kaolin waste separation and deposition of the photocatalysts. 
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Figure 2. Image of the waste showing the presence of a fine material impregnated on coarse grains. 
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Figure 3. XRD patterns for each mineral fraction in kaolin waste. 
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Figure 4. (a) XRD patterns of the thin portion of the waste and photos of the thick waste from the residue as a function of the mechanical agitation time. (b) Ratio between the intensity of the main peaks (I100) of the different phases in the thin portion of the residue, based on the respective XRD patterns. Legend: Q—quartz, M—mica and K—kaolinite. 
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Figure 5. XRD patterns of the composites   T i  O 2   @quartz synthesized at different temperatures (a) and with different ratios of TiO2/quartz and calcined at 600 °C (b). 
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Figure 6. SEM images of (a)   T i  O 2    particles, (b) quartz, (c) TiO2@quartz composite and (d) EDS mapping of TiO2@quartz composite. 
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Figure 7. Absorption spectra of samples with quartz and   T i  O 2    at different temperatures (a) and concentrations of quartz (b). 
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Figure 8. Intensity of 2-hydroxyterephthalic acid after photohydroxylation in the presence of TiO2@quartz composites, synthesized at different temperatures (a) and concentrations of quartz (b). 
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Figure 9. Characterization of the TiO2@mica composite compared to pristine mica. (a) XRD patterns and (b) UV–vis spectra. 
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Figure 10. FE-SEM images of TiO2 particles deposited on mica. (a) agglomerated TiO2 particles (b) TiO2 particles deposited on lamelar particles of mica (c) lamelar particles of mica. 
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Figure 11. SEM image (a) and EDS mapping (b) of TiO2@mica composites. 
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Figure 12. Intensity of 2-hydroxyterephthalic acid after photohydroxylation for mica and TiO2@mica samples. 
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Table 1. Mass of thin portion of the waste as function of agitation time.
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	Time (h)
	Thin Portion of the Waste (g)





	1
	3.14



	2
	3.43



	3
	4.14



	4
	4.18










 





Table 2. Literature review of kaolin, quartz and mica as photocatalyst support.
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	Photocatalyst
	Support
	Target
	% Degradation
	Time (h)
	Light Source
	Reference





	   T i  O 2    
	-
	Terephtalic acid
	645 *
	2
	UV-C
	This work



	   T i  O 2    
	Quartz
	Terephtalic acid
	538 *
	2
	UV-C
	This work



	   T i  O 2    
	Mica
	Terephtalic acid
	200
	2
	UV-C
	This work



	ZnWO4
	-
	Terephtalic acid

Methylene blue
	700 *

99.34
	2
	UV-C
	[57]



	ZnO/Ag3PO4
	Kaolin
	Rhodamine B
	~100%
	0.5
	Visible
	[4]



	   T i  O 2    
	-
	RNL
	94%
	6
	Solar
	[58]



	   T i  O 2    
	Kaolin
	Methylene blue
	42.6%
	3
	UV-A
	[59]



	Sm2Ti2O7
	Quartz
	Ofloxacin
	47.8
	
	
	[60]



	   T i  O 2    
	Mica
	Methyl orange
	98%
	1
	Hg lamp
	[61]



	Ag/Cu2−xFexO
	Muscovite
	Methyl orange
	89%
	2
	LED
	[62]



	  T i  O 2    thin film
	Quartz
	Methyl orange
	~80%
	3
	UV
	[63]



	   T i  O 2    
	Kaolin
	Methylene blue
	100%
	6
	UV-A
	[64]







* Data refer to the fluorescence intensity of 2-hydroxyterephthalic acid band.
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