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Abstract

:

This work reports a new technique called “Suspension Impregnation Method” (SiM) as an alternative to the “Incipient Impregnation Method” (IiM) for the synthesis of noble metal (Au) nanoparticles. The SiM was used to synthesize gold nanoparticles supported by titanium oxide and compared with those of IiM. The reactor for the SiM technique was based on the principles of mixing, heat, and mass transfer of the suspension reactors and the metal particle synthesis was processed in situ under the oxidation reduction potentials. Three different conditions were established to observe the effect of pH on the size of the metal particles: acid (HCl), neutral (water) and alkaline (urea). The samples were characterized by nitrogen adsorption, X-Ray Diffraction (XRD), Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), Thermogravimetric Analysis (TGA)/Differential Thermal Analysis (DTA), Transmission Electron Microscopy (TEM) and CO2 adsorption. The surface area was slightly modified, and the average pore diameter was reduced in all materials. The structure of the titanium oxide was not altered. A deposit of organic material was detected in samples synthesized in alkaline medium for both methods. The pH influenced the formation of conglomerates in IiM and resulted in large particle sizes (3–9 nm). In contrast, an in situ reduction in the species in SiM resulted in smaller particle sizes than IiM (2–3 nm).
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1. Introduction


Nanoparticles (NP) are solid particles at the atomic or molecular scale, synthesized to take advantage of the properties presented by materials at this level and are usually larger than bulk solids. The activity of the metallic nanoparticles has been attributed to quantum effects [1], load transfer to and from the metal to the support or induction of the support [2], spillover of oxygen to and from the support [3] and oxidation states, as well as the low coordination of atoms in the nanoparticles [4]. Several of the above effects are likely to occur simultaneously only if the size is nanometric. The research areas of nanoparticles are diversified: optical and electronic properties (Ag) [5], hydrotreatment to improve biodiesel fuel (Pd) [6], glucose biosensors (Pt) [7], N2O decomposition (Rh) [8], and selective solar absorption (Ni) [9]. The advantages of particles at the nanometric level are diverse and their synthesis is of high relevance. Gold is an example of the properties at the nanometer level. It was believed that this metal had no activity and, for a long time, its use was ruled out. It was not until 1980 that Harua showed an ideal technique for the synthesis of stable and active gold particles smaller than 3 nm [10]. Valden et al. [11] studied the activity of gold nanoparticles (AuNP), and they argue that AuNPs with a diameter of 3 nm have the highest activity for CO oxidation; this can be attributed to the effect of the quantum size of the nanosized particles and the effect of load transfer with the carrier. In case of the decomposition (oxidation) of formic acid, the thermally activated catalytic decomposition gradually increases when increasing the number density of deposited and saturated AuNPs; the decomposition occurs near the interface of TiO2 and AuNPs [12]. For CO oxidation, active Au sites are essential and play an important role in carrying out the reaction at lower temperatures. The nanoparticles help to create new adsorption sites at the interface for the adsorption and activation of O2 molecules [13]. AuNPs’ CO2 adsorption capacities considerably increased by 20% in mercapto-silica (MOS) [14]. For all of the above reasons, there are a variety of methods or techniques for synthesizing nanoparticles. The most popular are impregnation [15] coprecipitation [16], deposition precipitation (DP) [17], chemical vapor phase decomposition [18], functionalized surface [19], liquid-phase deposition (LPD) [20], photodeposition (PD) [21], sol-gel dip coating [22], among others. The methods mentioned above involve at least two to three stages, independent of each other, to produce nanoparticles. The first stage involves the impregnation or deposition of the particles. The second stage involves washing of the material by the excess precipitant. The third stage involves heat treatments. Each stage considers various parameters that, in turn, affect the size of the metal particles and the efficiency of the charge, such as: type of support [23], precursor [24], concentration of the precursor [25], deposition time [26,27], temperature [27] and pH [27,28]. Furthermore, the further treatment of the catalyst, such as washing [29], calcination [30], reduction method [31] and even the rate of the addition of reducing agents [32] have also an impact on the properties of the final metal particles. The deposition precipitation (DP) method involves the addition of a precipitating agent into the solution of a support and a metal precursor [26]. Typically, DP is performed at relatively high temperature in order to enhance the extent and rate of the hydrolysis of the precursor. At the same time, the metal particle size decreases due to rapid nucleation and attraction between the anion and the positively charged oxide surface [30]. In addition to pH and temperature, there are also other parameters which affect the metal particle size and metal loading efficiency, such as reaction time [26], support [26], precipitation agent, etc. A washing stage is necessary to remove the excess precipitant, as the waste solution contains metal when the metal adsorption is not optimal and represents an extra burden to the environment. The impregnation method, which can be carried out either in dry [33] or wet states [34], is considered to be the cheapest and the simplest preparation method [10]. Principally, impregnation occurs in the following way: liquid containing dissolved metal species enters the pores. Thereafter, it diffuses into the pores and adsorbs. In the final drying step, the liquid is evaporated from the pores. The effect of pH during preparation on the metal particle size has not been intensively studied for the impregnation method [34,35,36]. The size of the nanoparticles is homogeneous by the deposit precipitation method, unlike the incipient imprecation method. However, the impregnation method does not generate residual solutions. The liquid-phase deposition method (LPD) allows for the preparation of Au dispersed on TiO2 thin films [20]. The TiO2 thin film containing AuIII ions is formed by the LPD method from a mixed solution of (NH4)2TiF6, H3BO3 and HAuC14 under an ambient temperature and atmosphere. The Au content in the film is controlled by controlling the concentration of HAuCl4 in the treatment solution. The heat treatment of the deposited film above 200 °C produced Au metal particles that were ca. 15 nm in diameter. The size distribution of the dispersed Au particles became broad as the heat treatment temperature increased [20]. The photodeposition method (PD) also uses HAuCl4 solution. HAuCl4 containing 8.5 × 10−4 M of gold and TiO2 are adjusted at different pH values (pH 6, 9, 10, 11) using 0.1 M NH4OH before illumination. The light source used is a 16-W UV lamp (wavelength = 254 nm) with an irradiation time ranging from 10 min to 60 min with a stirring speed of 770 rpm. The nominal Au loading is 1 wt.%. During irradiation, the pH is controlled carefully at different pH values and the temperature of the solution is maintained. After irradiation, the solution is filtered and washed with deionized water until no Cl− is detected within the AgNO3 solution. The Au/TiO2 catalyst has narrow Au particle size distribution and the particle size of Au was around 1.5 nm [21]. In the sol–gel method, the films are modified by addition colloidal Au solution in titanium peroxide sol to increase the photoresponse of TiO2 in visible light. With the addition of 1–2% Au, the absorption wavelength of TiO2 is shifted from 340 nm in UV to 450 nm in the visible region. This improved the photocatalytic activity. The average particle size of Au particles in these films is within the 15–20 nm range [22].



Based on the advantages of these methods, a method design was chosen that avoids the agglomeration of particles in solution, a heterogeneous size and residual solutions. This study proposes an alternative and efficient technique to synthesize nanoparticles, which was called the Suspension Impregnation Method (SiM). To support the scope of the technique, the results were contrasted by a conventional technique (incipient impregnation). Finally, the activity of the nanoparticles was tested in the CO2 adsorption. Although it is true that the amounts adsorbed cannot be compared with mesoporous solids specially synthesized for CO2 capture [37,38,39,40,41], the technique allows for the elucidation of the chemical activity of the materials synthesized in this work and proves that the proposed method (SiM) is a better alternative for TiO2 impregnation with Au.




2. Materials and Methods


2.1. Description of the Equipment


The suspension impregnation method (SiM) is based on the principles of fluidized bed reactors. The operation of this type of reactor is based on the suspension of solid particles within the liquid, where they acquire a behavior like that of a fluid, while the gas acts as a diffuser. Bubbling fluidized bed reactors have several advantages, among which the following stand out: the speed of particle mixing confers simplicity and safety, the heat and mass transfer speeds between the gas and the particles are greater than other mixing systems, and a higher heat transfer capacity between a fluidized bed and an object. When considering the basic principles of operation, the slurry reactor was designed; see Figure 1. The reactor has gas (gas input) and liquid (solution input) inputs and an outlet for the solvent in the vapor phase (gas outlet). The pore bed has a diameter of 10 cm (pores of 0.05 mm diameter) at 12 cm from the “Solution Input”. The input (solution input) has the function of giving access to the solution (dissolved precursor salt) and is at 4 cm from the “gas input”. The reactor is made of glass with a thickness of 0.2 cm. It has a heating jacket and a thermocouple near the porous bed. The theoretical minimum fluidization flow (   Q  m f    ) was calculated from Equations (1) and (2).


   Q  m f   = 60 π    (   d 2   )   2   V  m f    



(1)






   V  m f   =    d p 2   (   ρ s  −  ρ l   )  g   1650 μ    



(2)







Equation (1)—where d is the reactor diameter and    V  m f     is the minimum fluidization velocity obtained in Equation (2), where    d p    is the particle diameter,    ρ s    and    ρ l    are the liquid and gas densities, respectively,  g  is the acceleration of gravity, and  μ  is the viscosity of gas [42].



All chemical reagents and solvents were analytical reagent grade and were used as received. All solutions were prepared with ultrapure water (18 M·Ω) from a Millipore Milli-Q system.




2.2. Synthesis of TiO2


TiO2 catalyst was obtained by the sol–gel method under acidic conditions and the synthesis was achieved as follows: a mixture of titanium isopropoxide (Aldrich, St. Louis, MI, USA, 97% by weight) and isopropanol (99.5%, Aldrich) was kept under constant stirring for 30 min; then, the pH of the mixture was adjusted to 3 with nitric acid (Aldrich, 70% by weight). Afterward, water was added dropwise to the mixture. The amount of water added was calculated at a molar ratio of 1:6 with respect to the alkoxide. The resulting sol was aged for 48 h, followed by the removal of the solvent by evaporation in a vacuum and then drying at 120 °C for 12 h. The xerogel was calcined at 500 °C for 2 h under an air atmosphere with a heating rate of 2 °C−1.




2.3. Au/TiO2 Synthesis by Impregnation


The conventional method known as insipient impregnation (IiM) was used to compare the results with the SiM method. In total, 2 g of sieved (0.7 mm) and degassed (nitrogen/300 °C, 30 min) TiO2 was deposited in a round flask and brought into contact with a solution of dissolved HAuCl4 (99.99%, Aldrich) (amount necessary to obtain 1% by weight of metallic gold). It was kept in vigorous agitation for 30 min; the solvent being stirred in a rotary evaporator. The dry sample was placed in a 120 °C oven for 12 h. It was then subjected to a reduction heat treatment in a hydrogen atmosphere with a heating ramp of 2 °C min−1 until it reached 350 °C. It remained in these conditions for 30 min. For this work, the pH of the solution was the only parameter that was changed. Three variations in the pH were determined: alkaline (urea), neutral (deionized water) and acid (HCl). The amounts of urea (Aldrich, 99%) and HCl (37% Aldrich) were 1:1 molar with respect to gold. The symbolism used for this investigation is: IAuTiB for the sample in alkaline pH, IAuTiA for the sample in acid medium and IAuTi for the sample without change.




2.4. Au/TiO2 Synthesis by Suspension


In total, 2 g of the support (titanium oxide) was deposited in a porous bed screened with an average particle diameter of 0.7 mm. Subsequently, nitrogen was introduced through the “gas input” section. The temperature was increased by 2 °C min−1 to 300 °C for 30 min to degas. The system was then allowed to cool to room temperature (35 °C) in nitrogen flow. The necessary amount of HAuCl4 (99%, Aldrich) was dissolved to obtain 1% by weight of metallic gold. A volume of 5 mL of solution met the support and against gas (nitrogen) flow to promote agitation. After 30 min in agitation, the nitrogen was exchanged for hydrogen in a flow of 3.66 L h−1. The temperature was increased at a rate of 2 °C min−1 to 350 °C. It remained at those conditions for 30 min. The same modification was established in the pH of the solution used in MiI. In the symbolism, only the “I” was exchanged for the “S”, referring to MiS: SAuTiB, SAuTiA and SAuTi.




2.5. N2 Adsorption (Specific Surface Area, Pore Diameter and Total Pore Volume)


Textural properties were determinate by N2 adsorption-desorption. Total specific surface area, pore diameter and total pore volume of the AuTi materials was performed using the BET (Brunner−Emmet−Teller) equation (0.05–0.30 in relative pressure), NLDFT (Non-local Density Functional Theory) model and 0.95 in relative pressure, respectively. The results were obtained directly from the Autosorb Software. The analysis was performed in an ASAP 2020 instrument (Micromeritics) at 77 K (−196 °C). The samples were previously outgassed at 300 °C for 2 h to remove impurities.




2.6. X-Ray Diffraction (XDR)


Crystal phase identification for materials synthesized in different media was performed by X-ray diffraction in Bruker D8 Advance. The radiation used was CuKa with λ = 0.15406 nm. The analysis was carried out in a range of 2θ 20–70° with a step of 0.05° and a measurement time of 0.5 s per point.




2.7. Gold Concentration (ICP-OES)


Au concentration was obtained by optical emission spectroscopy with inductive coupling plasma using a 4200 DV equipment (PerkinElmer company, Waltham, MA, USA). For the preparation of the sample, 50 mg of catalyst was weighted and placed in a Teflon beaker, 3 mL of HF (48%, Aldrich) and 6 mL of a mixture of acid solution (4 mL of HNO3 (70%, Aldrich) and 2 mL of HCl (37%, Aldrich)) were added. The mixtures were placed in an ultrasound bath at 75 °C for 1 h. After digestion, the solutions were filtered and calibrated in flasks of 50 mL with double distilled water.




2.8. Thermogravimetric Analysis (TGA) and Differential Thermal Analysis (DTA)


The experimental technique to determine the crystalline phase change temperatures of titanium oxide was thermogravimetric analysis (TGA)/differential thermal analysis (DTA). The thermal curves of TGA and DTA were obtained using a Diamond TG/DTA Thermogravimetric Differential Thermal Analyzer, PerkinElmer. The analysis of the samples was realized under a static air atmosphere and a heating ramp of 10 °C min−1 (UAM-I).




2.9. Transmission Electron Microscopy (TEM)


TEM was used to determine the size of the deposited metal particles, using dark field contrast. The analysis was performed using JEOL JEM-ARM200CF equipment, with acceleration voltages of 80–200 kV, using a Cold Field Emission Gun (CFEG) and an energy dispersive X-ray analyzer (EDX). For sample preparation, 1 μg sample was dissolved in 1 mL 2-propanol and immersed in an ultrasonic bath (Branson 2800 sonicator) for 15 min to achieve a better dispersion of the material. Finally, a drop of this dispersion was placed on a carbon film grid and allowed to dry for 24 h for further analysis.




2.10. HAADF-STEM


High-angle annular dark field (HAADF) and scanning transmission electron microscopy (STEM) analysis of the samples was performed in a JEE-2200FS transmission electron microscope with an accelerating voltage of 200 kV. The microscope is equipped with a Schottky-type field emission gun and an ultra-high resolution (UHR). Configuration (Cs = 0.5 mm; Cc = 1.1 mm; point to point resolution = 0.19 nm); and an in-column omega-type energy filter. The samples were pulverized, suspended in isopropanol at room temperature and dispersed with ultrasonic agitation; then, an aliquot of the solution was dropped on a 3-mm diameter holey copper grid.




2.11. CO2 Adsorption


CO2 adsorption isotherms were measured on Autosorb 1 instrument (Quantachrome) until atmospheric pressure at 25 °C. The samples were previously outgassed at 300 °C for 2 h.





3. Results and Discussion


3.1. Sample Characterization


The isotherms shown in Figure 2A corresponds to type IV (A) according to International Union of Pure and Applied Chemistry (IUPAC) [43], typical of mesoporous solids, where the adsorption behavior in mesopores is determined by the adsorbent–adsorptive interactions. All samples showed hysteresis H1, characteristic of materials which exhibit a narrow range of uniform mesopores with open cylindrical pores and agglomerates of spherical particles of uniform distribution. When the TiO2 is impregnated with Au, using the impregnation or suspension method, the isotherms show a displacement to the left, meaning a decrease in pore diameter. This behavior is appreciated in Figure 2B, where all modified materials decrease the average pore diameter. IAuTiA and SAuTiB present a more uniform pore size; however, SAuTiB moves into smaller pores, which means that the suspension method has been more efficient, and therefore that a greater amount of Au was impregnated. The pH in the impregnation synthesis slightly modified the textural properties (Table 1). In general, the BET area increases when the TiO2 is modified, as the impregnation method in an acid medium presents a better surface area with respect to a basic medium. However, in the suspension method, as the pH has no significant effect, the value of the areas is practically the same. The total value increases, favoring a neutral pH. Considering the average pore diameter, the impregnated materials decrease the diameter; this means that a portion of the pores have been successfully modified.



The results obtained by X-ray diffraction analysis of the synthesized samples are shown in Figure 3. The characteristic patterns of the anatase phase were identified 2θ 25.3, 37.8, 38.5, 48.1 and 53.8. The diffraction pattern corresponding to the crystalline phase brookite at 30.8° and rutile at the angle 27.4° of 2θ was also identified [44]. This mixture of phases is characteristic of catalysts synthesized from titanium isopropoxide [45]. Diffractions at 2θ 38.2, 44.4 and 64.58° are associated with the planes (111), (200) and (220) correspond to the cubic structure of metallic gold [46]. According to the results, the gold deposition by the impregnation and suspension methods did not affect the coexistence of the three crystalline phases of the titanium oxide. Furthermore, different intensity of gold peaks was observed in all samples. The samples with the highest diffraction intensity were those synthesized by IiM in acid and alkaline media. On the other hand, the SiM samples were homogeneous in terms of the intensity of gold diffraction. This effect is related to smaller crystal sizes and better dispersions of the metal when compared to the IiM samples [47]. Therefore, the pH had an effect on the crystal size in the samples from the impregnation method.



The gold concentration in the samples is shown in Table 1. The concentration in the samples by IiM is close to the theoretical value (1% by weight) and there is little difference between them. However, the samples synthesized by SiM have lower concentrations, with a loss about 0.09%. This effect is due to the deposit of gold on the porous plate of the suspension system. This was evident by the observation of a purple coloration on the plate after the removal of the sample.



The results of thermogravimetric (TGA) and differential thermal (DTA) analyses are shown in Figure 4. The first one, at an interval of 25–200 °C, corresponds to the loss of water adsorbed on the surface of the material and surface hydroxylation. The second one at 200–300 °C corresponds to the loss of weight by the combustion of the remaining organic material [48]. Three processes with endothermic characteristics related to structural changes were also determined. The first, around 380 °C, corresponds to the formation of the anatomic structure of titanium oxide. The second, 580 °C, is the formation of rutile [48]. The third stage is related to the sintering of the gold particles at sizes of approximately 50 nm [49].



The thermal processes in the samples are congruent with the X-ray results. That is, the brookite structure was arranged in the anatase structure, associated with one of the thermal processes at 386 °C. At a higher energy, the anatase was rearranged into rutile (578 °C)—the second process. Finally, the metal present on the surface of the oxide was sintered at 863 °C.



To determine the distribution and average size of the metallic particles, the TEM technique was used; the results are shown in Figure 5. For this reason, the HAADF technique was used to contrast with the metal of the titanium oxide, see Figure 5F. According to the average particle size, the following order was determined: IAuTiB > SAuTiB > IAuTiA > IAuTi > SAuTi > SAuTiA. In relation to the size distribution, the SAuTi sample showed homogeneity with a high percentage of particles at 2 nm compared to IAuTi. This effect was similar when comparing IAuTA-SAuTiA and IAuTiB-SAuTiB. It is evident that SiM provides homogeneity in metal particle sizes with respect to those obtained by IiM. Using the concentration of metal by ICP and the mean diameter of the metal, the degree of metal dispersion was calculated, viz. Table 1. The “SiM” showed a better dispersion of the metal on the surface of the titanium oxide and improved further under acidic conditions.



The chemical phenomena in the synthesis of IiM indicate that the pH catalyzed the formation of different species of the precursor that directly affect the extension of the hydrolysis of the metallic precursor. The different metal precursors or their hydrolyzed counterparts have variable dimensions when, for example, the chloride ligand is changed to hydroxyl with an increase in pH [50]. According to the above, the material synthesized in an acidic medium had a pH of 3; therefore, the formation of AuCl3(OH) species is highly likely [51]. In addition, the acidic pH from inorganic acids, such as HCl, possess the chloride ion, which promotes the polymerization of gold particles [29,52]. In contrast, the material synthesized in a basic medium with a pH of 7.5 favored the formation of AuCl(OH)3-type species [51]. These species have a low stability and consequently a slow speed of surface adsorption [29]. Therefore, the short mixing times and the low concentration of the additives (HCl, Urea) allowed for the agglomeration of the particles. These parameters are in clear contrast to what has been reported in the literature [53,54]. The results of these synthesis conditions were reflected in the gold particle size.



In the case of SiM, the basic principle is the direct reduction in the species formed within the liquid. According to thermodynamics, the species formed in the liquid can be reduced according to the chemical potentials, as shown in Equations (3) and (4).


    AuCl  4 −  + 3  e −  ↔ Au + 4   Cl  −   



(3)






  2  H +  + 2  e −  ↔  H 2   



(4)







The difference in equilibrium potentials determines the value of the change in the free energy and, therefore, the direction of the overall reaction:   Δ G = −  Z  A u    Z H  F  (   E  A u   −  E H   )   . If    E  A u   >  E H    the   Δ G   will be negative and therefore the oxidized form of Au will be reduced by the hydrogen. The standard chemical potential of the AuCl4− species is 1 V, while, by agreement, the standard hydrogen reduction potential is 0 V. Therefore, any species formed in solution will be reduced in the presence of hydrogen. Under these conditions, the presence of hydrogen prevented the formation of clusters and consequently smaller gold particles.




3.2. CO2 Adsorption


The effect of the surface chemical activity obtained after impregnating TiO2 with gold was studied using the CO2 adsorption technique at 25 °C. CO2 adsorption isotherms are shown in Figure 6. The adsorption capacity of the titanium oxide was favored by the incorporation of the metallic gold particles, rising up to eight times; however, this was not enough to make it an efficient material for CO2 capture to compete with materials like SBA-15 [41], zeolites [37,38] or carbon [39,40]. According to the amount of CO2, the order was: SAuTiA > SAuTiB > SAuTi > IAuTi > IAuTiA > IAuTiB > TiO2. This allows us to say that the suspension method (SiM) is better than the impregnation method (IiM). Moreover, the acid medium improves the CO2 adsorption.





4. Conclusions


The suspension impregnation method was efficient in nanoparticle synthesis compared to the impregnation method. The structure of the titanium oxide was not altered after the metal was deposited. The surface area was slightly improved by the redispersion of the titanium oxide in solution. Based on the particle size calculated by TEM and the decrease in average pore size, it is likely that some pores have been covered by gold particles. A simple technique, such as CO2 adsorption, allowed us to determine the effect of the chemical activity of the modified materials. In general, all of them increased their chemical nature, but the materials impregnated by the SiM technique generated more homogeneous materials with an increased activity towards CO2 capture. The in situ reduction in the species formed by the pH influenced the particle size distribution, showing that the SiM method increases the homogeneity of the metal particle sizes. SiM is a promising technique for the deposition of noble metals that are difficult to disperse by other methods.
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Figure 1. Diagram of the suspension reactor. 
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Figure 2. Nitrogen sorption results for Au/TiO2 samples. (A) Sorption isotherms. (B) Average pore diameter by NLDFT. 
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Figure 3. X-ray diffraction of the samples synthesized by “Suspension Impregnation Method” (SiM) and “Incipient Impregnation Method” (IiM). 
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Figure 4. Thermogravimetric analysis of the materials synthesized by IiM and SiM. 
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Figure 5. TEM images of the samples synthesized without pH modification by the IiM and SiM, (A,B), respectively. TEM images of the samples synthesized in basic pH by the IiM and SiM, (C,D), respectively. Samples synthesized in acid pH by the IiM and SiM, (E,F), respectively. 
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Figure 6. CO2 adsorption isotherms at 25 °C for materials of TiO2 doped with Au. 
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Table 1. Textural properties and concentration, particle size and metal dispersion.
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	Sample
	SBET(m2/g)
	VT (cm3/g)
	DNLDFT (nm)
	Au (wt%) a
	Au Diameter (nm) b
	D (%) c





	TiO2
	47
	0.169
	13.9
	-
	-
	-



	IAuTi
	58
	0.185
	11.3
	0.98
	3.96
	30



	IAuTiA
	56
	0.178
	12.1
	0.97
	4.34
	28



	IAuTiB
	52
	0.175
	12.1
	0.98
	9.35
	13



	SAuTi
	54
	0.191
	14
	0.91
	3.07
	42



	SAuTiA
	53
	0.181
	12.1
	0.92
	2.69
	47



	SAuTiB
	53
	0.154
	11.3
	0.91
	3.67
	35







a Percentage measured by ICP-OES. b Obtained by TEM images. c Metallic dispersion.
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