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Abstract 

 
In this experimental research, the possibility of using a well-known titanium silicate, called ETS-4, for 

the purification of water contaminated by an organic dye was tested. The purpose of the present 
research was to exploit, under certain conditions, both the adsorbent and the photocatalytic capacities 

of this material for the purification of water contaminated by the Blu Patent V dye. This dye is mainly 

used in the textile industry and it is often present in its waste water. A further intent was to identify a 

low cost method and for this reason, only sunlight was used to promote photocatalytic reactions. In 
particular, systems consisting of predetermined quantities of ETS-4 phase and dye solution were 

exposed for variable times to sunlight. Each system, after the predetermined time of exposure, was 

filtered and the resulting liquid phase was analyzed by UV analysis to measure the variations in 

concentration of the dye, while the solid phase was analyzed by thermal analysis (TG; DTG). The ETS-
4 phase showed significant photodegradative capacities on the analyzed dye that increase in the 

presence of hydrogen peroxide. All this allows us to hypothesize its use, in decontamination tanks 

containing waste water contaminated by the dye and exposed for a short period to sunlight. 
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1. Introduction 

 

Among the different materials that can be used for water purification there are 

microporous materials and photocatalytic materials. The microporous materials act adsorbing 

the molecules of pollutants present in the water, while the photocatalytic materials, thanks to 
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the action of light, are able to degrade them. Particular microporous materials are the ETS 

(Engelhard titanium silicate) to which belong the phases ETS-10 (Kuznicki, 1989) and ETS-

4 (Kuznicki, 1990). These materials are characterized by a porous structure formed by 

titanium octahedra [TiO6] and by silicon [SiO4] tetrahedra linked together by oxygen bridges 

(Anderson et al., 1994; Rocha and Anderson, 2000). 

 Inside this structural building there are cations that compensate for the negative 

charges of the Titanium octahedra. This particular structure gives these materials adsorption 

and ion exchange capacities (Al-Attar et al., 2000; De Luca et al., 2018a; Lv et al., 2005; 

Pavel et al., 2003; Zhao et al., 2003). Over the last few decades many studies have tried to 

modify the structure, inserting heteroatoms (De Luca et al., 2009; Pavel et al., 2005a; Vuono 

et al., 2014; Yang et al., 2001) or modifying the modalities synthesis in order to optimize the 

properties (De Luca et al., 2018b, 2018c; Pavel et al., 2005b; Vuono et al., 2008). 

Furthermore, they can act as catalysts and photocatalysts (Krisnandi et al., 2003; Labrés i 

Xamena et al., 2003; Guan et al., 2005; Sudheesh et al., 2014). 

In this experimental work the ETS-4 phase (Philippou et al., 1996) was used, with the 

aim of testing both its adsorption capacity and that of photocatalysis for the treatment of 

water contaminated by an organic dye and to verify any synergistic actions of these 

properties. The dye under study was Blu Patent V (Cantiello et al., 2020). This dye is mainly 

used in the textile industry and it is often present in its waste water. A further intent was to 

identify a low cost method and for this reason, only sunlight to promote photocatalytic 

reactions was used. 

 

2. Experimental 

 

The ETS-4 phase used was preliminarily synthesized using the experimental 

procedures reported in previous research (De Luca et al., 2015). In particular, the ETS-4 

phase was synthesized by the following synthesis system expressed in mole: 2.0Na2O - 

0.6KF - 0.2TiO2 - 2.56HCl - 1.59SiO2 - 39.5H2O. For the preparation of the synthesis gel, 

two initial mixtures were prepared, a basic one composed of predetermined quantities of HCl 

(37 wt%, Carlo Erba), TiCl4 (50 wt%, Carlo Erba), KF (40 wt%, Merck) and distilled water, 

while the basic one from sodium silicate (8 wt% of Na2O, 27 wt% of SiO2, Merck) and 

NaOH (50 wt%, BDH Anala R). The gel produced by the union of the two mixtures, after 

shaking was placed in Morey type autoclaves and kept at a temperature of 190 °C for 3 days. 

Finally obtained product was filtered, washed and dried at 100°C for 24 hours. The 

dye used is Patent V Blue, also called E131, and its color is dark blue (Cantiello et al., 2020). 

The hydrogen peroxide (Labkem) solution has a concentration of 30% (v/v). The systems 

undergoing testing were prepared by mixing predetermined quantities of Blu Patent V 

solution (concentration equal to 0.1 g/L) and ETS-4 in powder. Mixtures with the addition of 

hydrogen peroxide were also studied. The mixtures were characterized by a constant ratio in 

grams of ETS-4/Blue Patent V equal to 66.67. 

The following table 1 shows the quantity of the components for the preparation of the 

initial mixtures. 
 

Table 1. Composition of the mixtures 

 

 Blu Pantent 5 solution  

[mL] 

ETS-4 

[g] 

H2O2  

[mL] 

ETS-4 [g]/Blu 

patent [g] 

Mixture 1 30 0.2 ------ 66.67 

Mixture 2 30 0.2 2 66.67 
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Each mixture, after proper mixing, was placed in transparent and hermetically closed 

containers and was exposed to sunlight. At each time interval of 4, 8, 12, 16, 20 days the 

mixtures were filtered and the liquid component was subjected to UV analysis, by UV 

spectrophotometer 3100PC-VWR, to measure the residual concentration of the dye. The 

solid component, constituted by the ETS-4 phase, it was characterized by thermal analysis 

TG-DTG (Netzsch STA 409 Instrument) to evaluate any adsorbing action of the ETS-4 

phase on the dye or on degraded portions of the latter. 

 

3. Results and discussion 

 

The following Figs. 1a-b show the concentration variation and the reduction 

percentage of the Patent V blue dye in the mixture 1 as a function of the exposure time to 

sunlight. The data show an effective reduction in the concentration of the dye over time. In 

particular, already on the fourth day there is a reduction of about 30% to reach a reduction of 

more than 90% on the 20th day. The data reported in previous studies (Cantiello et al., 2020) 

show that the Patent V Blue dye in the same conditions but in the absence of the ETS-4 

phase shows stability to sunlight with a reduction of only 4% at 20th day. The concentration 

reduction thus observed in mixture 1 is to be attributed to the action of the ETS-4 phase. 
 

 
 

Fig. 1. Concentration and reduction percentage of the dye in mixture 1 as a function  

of the exposure time to sunlight 
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The following Figs. 2a-b show the concentration variations of the Blu Patent V dye 

and the relative percentage reduction in mixture 2, where hydrogen peroxide is also present 

in addition to the ETS-4 phase. In these conditions the dye is very photo unstable. Hydrogen 

peroxide strengthens the action of the ETS-4 phase. In particular, already on the 4th day of 

exposure to sunlight there is a reduction of over 90%. Previous studies of Cantiello et al. 

(2020) have shown that dye in the same conditions and in the presence of hydrogen peroxide, 

have a very low percentage of reduction in fact on the fourth and twentieth day the reduction 

is 3.5% and 28% respectively. 

The significant increase in reduction that occurs in the case of mixture 2 is due to the 

synergy that occurs in the presence of hydrogen peroxide and ETS-4. 

 

 
 

Fig. 2. Concentration and percentage of abatement in system 2 as a function of exposure time  

to sunlight 

 

Table 2 compares the reduction percentages of dye concentration as a function of 

exposure time for mixtures 1 and 2 and their difference. In addition to highlighting a 

significant increase in the reduction in the concentration of the dye in system 2, it can be 

seen that the presence of hydrogen peroxide leads to a significant increase in the degradation 



 

Water contaminated with Blu Patent V dye: Use of ETS-4 for photocatalytic treatment 

 

91 

 

of the dye, especially in the first period of exposure and then gradually decreasing until it is 

equal to times very long exposure times. In fact, on the fourth day of exposure to sunlight, 

the reduction in the concentration of the dye in mixture 2 improves by about 60% compared 

to mixture 1. On the twentieth day the reductions in concentration are very similar for both 

mixtures 1 and 2.  

The following Fig. 3 compares the color of the solutions after filtration, as a function 

of the exposure time to sunlight. In the case of mixture 1, a total discoloration of the solution 

is obtained on 20th day, while in mixture 2 a complete discoloration is already evident on the 

fourth day. 
 

Table 2. Percentage reduction of the dye concentration in mixtures 1 and 2 and their difference as a 

function of the exposure time 

 

Time (days) 
Reduction (%) 

in mixture 1 

Reduction (%) 

in mixture 2 

Reduction difference (%) 

between mixture 2 and 1 

0 0.00 0.00 0.00 

4 30.50 90.59 60.09 

8 60.20 94.43 34.23 

12 63.48 91.26 27.78 

16 67.60 92.98 25.38 

20 95.72 93.97 -1.75 

 

 
 

Fig. 3. Coloration of the solutions, relative to mixtures 1 and 2, after different times of exposure  

to sunlight 

 

In order to verify whether the ETS-4 phase acted as adsorbent materials being a 

microporous material, thermal analysis were performed. In particular, the solid residue, 

consisting of the ETS-4 phase obtained after filtration of the two mixtures on the twentieth 

day of exposure to sunlight, was analyzed. 

The following Fig. 4 shows the thermal analysis (DTG), of the ETS-4 phase after 

filtration of mixture 1 and 2. Upon completion, the thermal analysis of the pure ETS-4 phase, 

as obtained after the synthesis and of the powder dye, are reported. 

From the comparison of the thermal curves of the ETS-4, coming from the filtration 

of mixtures 1 and 2, no peaks attributable to the Blu Patent V dye are deduced. This allows 

us to state that the ETS-4 phase did not act as an adsorbent but mainly as photocatalyst. 

Table 3 shows the weight losses both of the pure ETS-4 phase (as made) and of those 

after filtration of mixtures 1 and 2. 
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Fig. 4. DTG curves of: ETS-4 as made (pure), Blu Patent V dye and ETS-4 coming  

from mixture 1 and 2 at 20th day of exposure to sunlight 

 
Table 3. TG data. Weight losses of: pure and filtered ETS-4 from mixture 1 and 2 

 

Temperature 

[°C] 

ETS-4  

as made  

ETS-4  

from mixture 1 

ETS-4 

from mixture 2  

0-200 °C -8% -8% -9% 

200-400 °C -5% -5.5% -6.5% 

400-600 °C -0.2% -0.1% -0.5% 

0-600 °C (tot) -13.2% -13.6% -16% 

 

The reported data show that comparing the ETS-4 phase (as made) with the ETS-4 

phase coming from mixture 1 there are no significant variations. Different data are obtained 

by comparing the ETS-4 phase (as made) with that coming from mixture 2. In this case, 

greater losses occur for the ETS-4 phase coming from mixture 2. This leads us to suppose 

that the dye has undergone degradations and that smaller portions of the latter have been 

adsorbed by the ETS-4 phase. 

 

4. Conclusions 

 

The data obtained allow us to draw the following conclusions. The ETS-4 phase 

proved to be capable of photodegrading the Blu Patent V dye using sunlight. In the presence 

of hydrogen peroxide, its photodegradative capacity improves significantly until it reaches a 

90% of reduction in the concentration of the dye on the fourth day of sunlight exposure. The 

thermal analyzes suggest that the ETS-4 phase basically acts as a photocatalyst and that only 

subsequently it carries out an adsorbing action on the smallest portions of photodegraded dye. 
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The method has the advantage of using a material (ETS-4), which at the end of the operation 

can be regenerated and reused and also to use only sunlight. 
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