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Abstract

:

TiO2 and TiO2/sericite photocatalysts were successfully synthesized via the sol-gel method by adding a varying amount of acetic acid. The effect of acetic acid on TiO2 and TiO2/sericite photocatalysts was studied. The crystallite size, surface morphology, chemical composition, specific surface area, surficial functional groups, and light absorbance of the prepared photocatalysts were revealed by the analysis of X-ray diffraction (XRD), scanning electron microscope-energy dispersive spectrometry (SEM-EDS), nitrogen adsorption-desorption isotherms by using BET theory (Brunauer–Emmett–Teller), Fourier-transform infrared spectroscopy (FTIR), and UV-Vis absorption spectrometry. Photo-energy conversion of methanol to hydrogen was also conducted over the prepared photocatalysts. The best hydrogen production was achieved by using the TiO2/sericite photocatalyst to give a hydrogen production rate of 1424 μmol/g·h in 6 h of UV-light irradiation.
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1. Introduction


Current energy consumption primarily relies on fossil fuels. Most fossil fuels are limited and generate significant pollution during use, leading to a severe impact on the environment and natural ecology [1,2]. In order to mitigate the impact, hydrogen is regarded as a potential alternative energy because it is environmentally friendly and recyclable. There are many methods to produce hydrogen, including steam reforming [3,4], thermochemical process [5], and water electrolysis [6]. However, they all require a large amount of energy, which is usually generated from fossil fuels [7], which contradicts the original intent to use hydrogen as a carrier of clean energy. Therefore, to make hydrogen genuinely clean, the driving force to produce hydrogen should be a renewable energy source, such as photo-energy.



Photocatalytic hydrogen production is a promising method which can convert photo-energy into hydrogen energy [8]. For example, photocatalytic water splitting [9] and photocatalytic reforming [10] of organic substances can both produce hydrogen via photocatalysts under light irradiation. In general, the photocatalysis reaction includes three steps [11]. Firstly, the light is absorbed, resulting in generating excited charge carriers, such as electrons and holes. Secondly, the charge carrier is separated and migrates to the surface of photocatalysts. Finally, surface redox reactions occur, which are caused by electrons and holes, respectively. For a photocatalytic water splitting reaction, electrons can reduce protons (H+) into hydrogen and holes can oxidize water into oxygen. Generally, these excited electrons and holes can also react with some molecules which exist on the photocatalyst surface, to form reactive oxygen species (ROS) [12]. These ROS can further react with some organic substances or pollutants; therefore, photocatalysis is also comprehensively used in the field of pollutant degradation.



Among the various kinds of photocatalysts, titanium dioxide (TiO2) has received considerable interest due to its abundance, nontoxicity, and stability. However, the bandgap of TiO2 is between 3.0 eV to 3.2 eV, meaning it cannot absorb visible light. There have been many works of literature attempting to improve the visible light absorption of photocatalysts, which can improve the first step of photocatalysis by absorbing a greater wavelength range of solar light [13,14,15]. In contrast, some studies focus on the improvement of the second step of photocatalysis to enhance the efficiency of the separation and migration of the charge carriers [16]. Diminishing the particle size of TiO2 can provide an effective method to enhance the photocatalytic effect [17]. First, as the particle size decreases, the specific surface area increases, leading to an improvement of the catalytic conversion of the surface chemical reaction. Second, the smaller the particle size is, the shorter the pathway of excited electrons and holes to the surface, resulting in a decrease in the recombination probability. Third, particle size also affects the crystalline structure and crystallinity. Fewer defects are associated with high crystalline quality within a small particle [18]. These defects play the role of a trapper and a recombination center to catch the electrons and holes, leading to lower photocatalytic efficiency. Additionally, when the particle size of a crystal is tuned down to the nanoscale, it will induce the quantum effect. Nanocrystalline TiO2 of less than 10 nm has excellent photocatalytic activity. This range of particle size will also influence the mobility of the charge carrier, resulting in better photocatalytic efficiency than that of micron-size TiO2 [19].



Although nanophotocatalysts have higher performance due to the above reasons, they have some disadvantages. The disadvantages include the issue of particle aggregation, higher cost of production, and potential to penetrate the skin and enter the bloodstream. With a micron-size material employed as a substrate [20,21], it is expected that nano-size photocatalysts can not only exhibit high performance, but also prevent the aggregation of nanoparticles and the danger of direct penetration through the skin. On the other hand, Li et al. found that TiO2 grain size is reduced by introducing the kaolinite, which could be ascribed to the carrier effect. In other words, natural minerals contribute to retardation of size growth, particle dispersion, and surface modification [20]. Therefore, the methods of preparing nano-TiO2 loaded on micron-size materials are worth developing.



Nano-size TiO2 can be produced by several synthesis technologies, such as the sol-gel method [22], the hydrothermal method [23], and the self-assembly method [24]. Since thermal treatment is a simple process to improve the crystallization of TiO2, the crystallinity of nano-sized TiO2 can be obtained by conducting a calcination process of amorphous TiO2 to improve the photocatalytic performance [25]. Therefore, this study attempts to synthesize nano-sized TiO2 on micro-size sericite via a simple sol-gel method, followed by a calcination process. Consequently, the prepared TiO2/sericite photocatalyst will be used to conduct photocatalytic hydrogen production from methanol to verify its photocatalytic performance.




2. Materials and Methods


The precursor of TiO2 was titanium isopropoxide (C12H28O4Ti, ≥97%), which was purchased from Sigma Aldrich Inc (Taiwan). Isopropanol (C3H7OH, ≥99.5%, tested grade) was bought from JT Baker Chemicals (USA) to be employed as a solvent in the sol-gel process. Purified natural sericite (ST-3000) was provided by Feng Yang Production Co., Ltd (Taitung, Taiwan), and served as the micron-size support of nano-sized TiO2. It is not easy to identify the molecular weight of natural minerals, so we will use muscovite (KAl2(AlSi3O10)(OH)2) in the place of natural sericite due to their similar structure. Acetic acid (CH3COOH, ≥99.8%, tested grade) was obtained from Honeywell Research Chemicals (Seelze, Germany) to adjust the properties of the sol-gel during hydrolysis [26]. Degussa P25 (70% anatase and 30% rutile, purity ≥99.5%), which was purchased from Degussa Company (Germany), was used as a reference photocatalyst. Methanol (CH3OH, ≥99.99%) was purchased from Fisher Chemical (Fair Lawn, NJ, USA) for the evaluation of photo-energy conversion of methanol to hydrogen.



The synthesis of the photocatalyst was carried out by employing the sol-gel method. The procedures were as follows. First, 3.2 g ST-3000 sericite was dispersed in 200 mL C3H7OH under continuous magnetic stirring in a 250 mL beaker, followed by addition of a specific amount (0, 1, 5, 10 mL) of CH3COOH. Then, 5 mL C12H28O4Ti was added dropwise into the suspensions. The mixtures were continuously stirred at 700 rpm, and the relative humidity was controlled at 70–80%. After 12 h stirring, the gel product was formed due to the hydrolysis reaction of C12H28O4Ti. Subsequently, the gel was dried at 80 °C in an oven for 2 h. The resulting samples were ground and further calcined by using a furnace with the heating ramp rate of 5 °C/min, and the calcination temperature was set at 500 °C for 2 h. Finally, the powder forms of photocatalysts were obtained. The molecular ratio of TiO2/sericite was controlled at 2 for each TiO2/sericite photocatalyst. In order to verify the effect of the ST-3000 sericite addition, the TiO2 photocatalysts without loading onto the ST-3000 were also prepared for comparison. All samples are designated and shown in Table 1.



The crystal phases of TiO2 photocatalysts were analyzed by Bruker D8 advance X-ray diffractometer (XRD, Bruker, Billerica, MA, USA). The detected angular range (2θ) was 10°~70° at a scan rate of 4°/min. The wavelength of CuKα radiation is 0.15406 nm. The working voltage and current were set at 40 kV and 40 mA, respectively. The crystallite sizes were calculated by Scherrer’s equation. The Fourier transform infrared spectroscopy (FTIR, Thermo Fisher Scientific, Waltham, MA, USA) of the prepared photocatalysts was characterized by NICOLET 380 to observe an infrared spectrum of absorption of the solid samples. In order to observe the morphologies and chemical compositions of TiO2 photocatalysts, scanning electron microscopy equipped with energy dispersive spectroscopes (SEM-EDS, Thermo Fisher Scientific, Waltham, MA, USA) was performed on a Phenom ProX. In addition, BET analysis (ASAP 2020 PLUS, (Micromeritics, Norcross (Atlanta), GA, USA) was conducted for measuring the specific surface area of the photocatalysts. UV-Vis diffuse reflectance spectra (UV-Vis, Chiyoda, Tokyo, Japan) of prepared samples were measured by a HITACHI U-2910 equipped with an integrating sphere assembly.



The performances of photo-energy conversion of methanol to hydrogen using various TiO2 photocatalysts as well as commercial P25 were evaluated. The photoreactor was made of quartz, allowing UV light to pass through. Deionized pure water (DI-water) was used in this study. In the beginning, 90 mL DI water and 10 mL CH3OH were mixed in the photoreactor, followed by the addition of 0.1 g photocatalyst powder. The mixtures were homogeneous suspensions under continuous magnetic stirring. Before conducting photocatalysis, ultrapure helium gas (He, >99.995%) was introduced to purge the suspensions to ensure that no air remained inside the photoreactor. During the reaction, the suspensions were irradiated by a 200 W UV lamp with light flux of 3.2 mW/cm2 at a wavelength of 365 nm to provide the photo-energy. The produced hydrogen was sampled every hour by using a 30 μL syringe. The sampling gas was injected into a GC analyzer (China GC-2000, Taipei, Taiwan) equipped with a thermal conductive detector (TCD). The 3.5 m long molecular sieve 5A packed column was selected, and the carrier gas for GC was ultrapure helium.




3. Results


The crystalline phases of the prepared TiO2 and TiO2/sericite series photocatalysts are presented in Figure 1a,b, respectively. For TiO2 series photocatalysts, the specific diffraction peaks in Figure 1a indicated the crystalline nature of anatase TiO2, referring to the database of the PDF card 78-2486. On the other hand, the bare sericite revealed its diffraction spectra with characteristic peaks, as shown in Figure 1b. With the TiO2 loaded onto the sericite, diffraction peaks of anatase TiO2 and sericite appeared together. Apparently, the signals of sericite were decreased for the cases of TiO2/sericite photocatalysts due to the TiO2 coverage on sericite, and the TiO2 still exhibited the crystalline phase of anatase, even though they were loaded on sericite. It is interesting to note that the anatase (~25.4°) intensity of TS, 1A-TS, 5A-TS, and 10A-TS were similar.



In addition, the crystallite sizes were calculated by Scherrer’s equation:


D=KλCuKαβcosθ



(1)




where D is the crystallite size (nm), λCuKα is the wavelength (nm) of the X-ray radiation, K is taken as 0.89 usually, and β is the full width at half maximum height (FWHM). From the XRD peaks of anatase (~25.4°) and Scherrer’s equation, the TiO2 crystallite sizes of all photocatalysts could be attained, as shown in Figure 2. For the case of TiO2 photocatalysts, the crystallite sizes decreased as the amount of acetic acid increased. The stereoscopic obstacle effect caused by acetic acid led to a slower hydrolysis reaction rate of C12H28O4Ti to Ti(OH)3. The lower concentration of Ti(OH)3 tended towards the condensation reaction of nuclei formation, instead of size-growing. Consequently, numerous small crystals of TiO2 were formed in the gel solution, leading to the fact that as the addition of acetic acid increased, smaller crystalline TiO2 was formed. On the contrary, the TiO2 crystalline sizes of the TiO2/sericite photocatalysts were generally smaller than that of the TiO2 series photocatalysts, as shown in Figure 2. This may result from the fact that the condensation reaction that occurred on sericite was much slower than that of the systems without sericite. On the other hand, while applying the sericite, the crystallite sizes of TiO2 remained similar regardless of the additional amount of acetic acid. It is possible that Ti(OH)3 was preferentially adsorbed onto sericite due to the attracting force between the hydroxyl groups of the sericite and Ti(OH)3, instead of condensing directly in solution. Accordingly, condensation occurred slowly on the sericite, meaning the crystallite sizes remained almost constant.



Figure 3 shows the FTIR spectra of the prepared photocatalysts. Si–O [20] and Si–O–Si [27,28] bonding was attributed to the peaks at 1043 cm−1 and 987 cm−1, respectively, derived from sericite. The surface of sericite has hydroxyl groups, as proved by the absorption peak at 943 cm−1 of Al–OH [20], indicating that the sericite has high hydrophilicity. An absorption peak at 3668 cm−1 was observed for the pure sericite and TiO2/sericite photocatalysts, representing OH groups on the surface. The OH signal of pure sericite was more intense than that of TiO2/sericite photocatalysts, indicating that OH groups were partially replaced by TiO2, whose hydrophilicity was lower than sericite. The peaks around 987 cm−1 and 943 cm−1 were decreased due to the coverage of TiO2 on sericite. As for the cases without sericite, there were no other apparent peaks; however, anatase was observed, indicating that pure TiO2 samples were obtained for the cases of TiO2 photocatalysts. The peaks at 2901 cm−1 and 2982 cm−1 both possibly belong to the C–H bonding [29,30] of isopropanol. These two peaks only appeared for the TiO2/sericite photocatalysts, indicating that isopropanol has a strong interaction with sericite, possibly via OH groups. In contrast, without the sericite as a support, no signals of organic residues were apparent.



The SEM images of TiO2 photocatalysts (T, 1A-T, 5A-T, and 10A-T) and TiO2/sericite photocatalysts (TS, 1A-TS, 5A-TS, and 10A-TS) are shown in Figure 4. In the images of sample T, the TiO2 particles are sphere-like, despite some aggregation to each other. The size of each sphere-like particle was around 1–2 μm. After adding acetic acid, larger TiO2 particles with bulk and solid blocks were formed, as shown in Figure 4 1A-T, 5A-T, and 10A-T. Despite the different amounts of acetic acid addition, a similar structure of solid blocks was produced. For the cases of TiO2/sericite photocatalysts, sheet sericites and a discontinuous TiO2 film coated on the sericite could be observed (Figure 4_TS). A discontinuous TiO2 film was formed due to non-uniform coating and cracking after calcination. When the acetic acid was added, the surface of sericite became smooth. Meanwhile, there was some TiO2 fragmentation observed, as shown in Figure 4 1A-TS. As the additional amount of acetic acid increased, the surface of catalysts became smoother and less TiO2 fragmentation occurred on the surface. This indicated that the TiO2 coated onto the sericite more uniformly, as shown in Figure 4_5A-TS and 10A-TS. Briefly speaking, it proved that the addition of acetic acid could cause the uniform coating of TiO2 onto sericite, resulting in a smooth surface.



The results of the EDS and BET analysis are shown in Table 2. The samples T, 1A-T, 5A-T, and 10A-T, had similar chemical compositions, with similar signals of Ti (%) and O (%) resulting from the existing of TiO2. The samples with sericite exhibited signals of O, Al, Si, and K since sericite is made of muscovite, illite, or paragonite, which are hydrated phyllosilicate minerals of aluminum and potassium. Comparing TS and 1A-TS, the Ti (%) of 1A-TS was much higher than that of TS. This revealed that the addition of acetic acid could enhance the coating of TiO2 onto sericite. It is interesting to note that the Ti (%) of 5A-TS and 10-TS was a little lower than that of 1A-TS. While we attempted to normalize the background signal by dividing the Si (%) of sericite, it was observed that the Ti/Si ratio of 10A-TS was higher than that of 1A-TS and TS. This indicated that the addition of acetic acid could assist TiO2 deposition onto the sericite, especially for the case of 10A-TS. Following the above characterizations, we analyzed the samples of T, TS, 10A-T, and 10A-TS further, in order to compare and highlight the effect of acetic acid addition and the role of the sericite as a support. As for the BET analysis, the specific surface area of 10A-T was 58.2 m2/g, which was more significant than that of T (31.9 m2/g), meaning that the block-like particles of 10A-T exhibited a porous structure within, instead of a compact, solid one. The specific surface areas of 10A-TS and TS were similar, 38.8 m2/g and 39.9 m2/g, respectively. This showed that the addition of acetic acid did not affect the surface area of TiO2 when coated on sericite. The condensation of Ti(OH)3 mainly occurred on the surface, thus the effect of the addition of acetic acid on the specific surface area was ignored.



We attempt to explain the mechanism clearly in Figure 5 and Figure 6 for the cases of TiO2 formation without and with sericite, respectively. For the TiO2 photocatalysts, the grains or crystals agglomerate together to form large particles, and the particles further aggregate as shown in the SEM images. On the other hand, when acetic acid was added into the system, the hydrolysis rate decreased due to the steric effect of molecular acetic acid [31], leading to the formation of smaller TiO2 grains. Small TiO2 grains agglomerate easily to form bulk and solid TiO2, the mechanism of which is shown in Figure 5. Li et al. also demonstrated that acetic acid may decrease the surface free energy and form Ti–acetate coordination with a Ti precursor, facilitating the crystallization and transformation [32]. For the TiO2/sericite photocatalysts, the hydrolysis reaction occurred mainly on the surface of sericite, as shown in Figure 6. Therefore, the crystallite sizes did not change apparently because the sericite effect dominated. The acetic acid was involved in the preparing process, and helped the Ti(OH)x distribute on the sericite and generate a smooth and continuous surface. The mechanisms described herein are proposed on the basis of the crystallite sizes obtained via XRD, the morphologies and Ti(%) observed by SEM-EDS, and the OH group information provided by the FTIR spectra.



Figure 7 shows the UV-Vis absorption spectra and the Tauc plot of the TiO2 photocatalysts (T and 10A-T) and TiO2/sericite photocatalysts (TS and 10A-TS). The observing wavelength range of the spectra was between 200 nm to 800 nm. Barium sulfate (BaSO4) was employed as the baseline. There was no apparent absorbance of light above 350 nm for pure sericite. The UV-Vis absorption spectra of the prepared photocatalysts had a blue shift relative to the addition of acetic acid and sericite. The approximate band gaps of photocatalysts were calculated from UV-Vis spectra by using the following equation:


Ebg=1240λ



(2)




where Ebg (eV) is the band gap of the photocatalyst and λ is the wavelength (nm) of light. Accordingly, the band gaps of the T, 10A-T, TS, and 10A-TS photocatalysts were 2.96 eV, 2.97 eV, 3.03 eV, and 3.10 eV, respectively. Nano-sized crystal cause the band gap to become more extensive due to the quantum effect [33] or scattering effect [34]. As the crystalline sizes decreased, the band gaps became larger. Notably, when the TiO2 was loaded onto sericite, a blue shift occurred due to the quantum effect. The crystalline sizes of TiO2/sericite ranged from 10.6–11.2 nm.



The efficiency of the photo-energy conversion of methanol to hydrogen by using different catalysts were evaluated. Blank experiments were also conducted, including a photoreaction without adding photocatalysts and a dark reaction using the 10-TS photocatalyst. Both blank experiments did not generate hydrogen in 6 h. The average hydrogen production rates with 10 vol.% CH3OH in 6 h photocatalysis reaction are shown in Figure 8. For the TiO2 photocatalysts (T and 10A-T), similar performance of hydrogen production was achieved, although the specific surface area of 10A-T was much higher than that of T. This might result from the fact that the crystalline size of 10A-T was smaller than that of T, leading to higher possibility of the boundary recombination of electrons and holes within the TiO2 blocks [35,36]. The benefit of a larger specific surface area of 10A-T was compensated by its higher chance of boundary recombination. On the contrary, 10A-TS had the highest performance because the excellent dispersion of TiO2 on sericite made the distance of charge carrier transfer shorter. However, the performance of sample TS was lower than that of T, 10A-T, and 10A-TS, resulting from two facts: (1) the TiO2 amount of TS was lower than that of T or 10A-T because TS included sericite which is not photoreactive; (2) TiO2 was nonuniformly dispersed on the surface of sericite, leading to increased possibility of recombination of electrons and holes. In this study, the photo-energy reaction from methanol to hydrogen of commercial P25 was also conducted. All of the as-prepared photocatalysts had much higher performance than P25, indicating their potential as photocatalysts to replace P25. The best hydrogen production rate was achieved by the TiO2/sericite photocatalyst with a hydrogen production rate of 1424 μmol/g·h in 6 h of UV-light irradiation.



Although the conditions for conducting experiments (including power intensity and wavelength of UV-light, ethanol concentration, and the design of photocatalysts) are different, it is worth comparing the hydrogen production in terms of the hydrogen rate in the literature. Table 3 summarizes the recent photo-activity performance in the presence of CH3OH. So far, although many efforts have been to promote the photo-energy conversion of methanol to hydrogen, this approach still faces several challenges. Therefore, we focus on the following goals: (1) to develop more efficient photocatalysts (a visible optical absorption band, a lower recombination rate of e−/h+ pairs); (2) to elucidate the relationship between the structural architecture and the photocatalytic performance [37].




4. Conclusions


In this study, TiO2-loaded sericite photocatalysts were successfully synthesized. The addition of acetic acid can decrease the reaction rate of hydrolysis, leading to different mechanisms for the cases with and without sericite as support. Without sericite, the crystalline size of TiO2 decreases with increasing addition of acetic acid due to stereoscopic hindrance. Although the 10A-T photocatalyst had a higher specific surface area, its numerous boundary crystals increased the possibility of charge carrier recombination, leading to a similar photocatalytic performance to sample T. On the other hand, the condensation reaction mainly occurred on the surface of sericite, resulting in similar crystalline sizes between the TS and 10A-TS photocatalysts. The presence of acetic acid assisted the uniform deposition of TiO2 on the sericite. Although the crystalline size of the 10A-TS photocatalyst was smaller than that of the 10A-T photocatalyst, the well-dispersed TiO2 thin film caused the easy transfer of charge carriers to the surface to undergo chemical reaction.



To sum up, the as-prepared TiO2 and TiO2/sericite photocatalysts showed better performances than the commercial P25 catalyst. The best hydrogen production in the photo-energy conversion of methanol to hydrogen was achieved by using the 10A-TS photocatalyst (TiO2 coated on sericite), yielding a hydrogen production rate of 1424 μmol/g·h in 6 h of UV irradiation. It is vital to note that although many efforts have been made for promoting the photo-energy conversion of methanol to hydrogen, their efficiencies were still too low for practical application. Therefore, efforts shall be made for the continuous improvement of the photocatalytic activity.
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Figure 1. X-ray diffraction spectra of (a) TiO2 series photocatalysts and (b) TiO2/sericite series photocatalysts with different amounts of acetic acid added during preparation. 
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Figure 2. Crystallite sizes of the prepared TiO2 and TiO2/sericite photocatalysts. 
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Figure 3. FTIR spectra of the prepared TiO2 and TiO2/sericite photocatalysts. 
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Figure 4. SEM images of the TiO2 photocatalysts and TiO2/sericite photocatalysts. 
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Figure 5. The proposed schematic concept of TiO2 formation with and without acetic acid. 
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Figure 6. The proposed schematic concept of TiO2/sericite formation with and without acetic acid. 
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Figure 7. UV–Vis absorption spectra of the TiO2 photocatalysts (T and 10A-T) and TiO2/sericite photocatalysts (TS and 10A-TS). 
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Figure 8. The average hydrogen production rate with 10 vol.% CH3OH in the 6 h photocatalysis reaction. 
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Table 1. The denotations of various TiO2 photocatalysts.
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Addition of Acetic Acid (mL)

	
TiO2 Photocatalysts




	
w/o Support

	
Loaded on ST-3000






	
0

	
T

	
TS




	
1

	
1A-T

	
1A-TS




	
5

	
5A-T

	
5A-TS




	
10

	
10A-T

	
10A-TS
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Table 2. EDS and BET analysis of various photocatalysts.
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Atomic (%)

	
Ti (%)

	
O (%)

	
Al (%)

	
Si (%)

	
K (%)

	
Ti/Si

	
SBET (m2/g)






	
T

	
31.32

	
68.68

	
<L.D.

	
<L.D.

	
<L.D.

	
-

	
31.9




	
1A-T

	
32

	
68

	
<L.D.

	
<L.D.

	
<L.D.

	
-

	
-




	
5A-T

	
30.42

	
69.58

	
<L.D.

	
<L.D.

	
<L.D.

	
-

	
-




	
10A-T

	
29.69

	
70.31

	
<L.D.

	
<L.D.

	
<L.D.

	
-

	
58.2




	
TS

	
5.71

	
70.42

	
9.16

	
13.23

	
1.48

	
0.43

	
39.9




	
1A-TS

	
13.2

	
59.68

	
10.52

	
13.73

	
2.86

	
0.96

	
-




	
5A-TS

	
9.53

	
63.36

	
11.04

	
13.54

	
2.54

	
0.7

	
-




	
10A-TS

	
9.86

	
68.19

	
9.14

	
10.8

	
2.01

	
0.91

	
38.8




	
Sericite

	
<L.D.

	
71.65

	
11.15

	
15.54

	
1.66

	
0

	
7.8




	
P25

	
N.A.

	
52








N.A.: not analyzed; <L.D.: lower than the limit of detection.
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