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ABSTRACT 

The efficiency of novel polysiloxane-shield nanolayers patterned by nanoparticles as durable bioactive-photocatalyst purifiers has been 

investigated in this paper. The effects of nanolayer surface modification, cross-linkable polysiloxane (XPs) treatment as well as pre-

treatment of substrata on the photocatalyst activity of purifiers have been investigated in a variety of pHs. According to the results, 

interactions, surface patterning and orientations of nanostructures on the surfaces, controlled by the surface properties of applied 

nanostructures, played an effective role on the photodegradation efficiency. Results also revealed that polysiloxan shield nano-reactors, 

made through entrapping pollutant between nanoparticles and intercalated nanolayers sheltered by XPs, has also improved the efficiency 

via more effective impact on the entrapped molecules into the designed nano-reactors on the surfaces. As the results disclosed, the 

efficiency of nanoreactors was also directed by surface properties of nanostructures, their interactions and orientations. It was deduced 

that the best photodegradation efficiency was determined by providing the most electrostatic interactions between nanostructures and dye 

molecules, as the pollutants, at pH value of five. 
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1. INTRODUCTION 

Simultaneous control of microbial pollutions along with 

photodegradation of organic pollutants by photocatalyst 

nanostructures has sparked enormous interest in the field of 

bioactive purifiers [1-18]. In fact, the especial undoubted 

advantages bring up this method as a unique alternative for 

absorbent-based purifiers with at least three major advantages. The 

first one, is no need to subsequent procedures to extract the 

purified water as well as recover the adsorbents. The second, is 

simultaneous control of microbial pollution during purification 

process, and the third is that all pollutants degrade altimetry to 

naturally bio-purification-like products; H2O and CO2, which can 

be used to photosynthesis of green plants. Therefore, this process 

is completely environmental friendly process. In fact, this purifiers 

direct a natural-like mechanism similar to unique naturally bio-

purification and recycling of pollutants recovering them to the 

environment cycles. Therefore, designing the new purifiers on this 

basis and investigating their efficiency to achieve the optimized 

modifications would be an interesting demanding topic for 

research. Designing the multi-component nanocomposites [19-27] 

can be considered to accomplish the possible synergistic effects 

[28]. Here, novel multicomponent nanofunctionalization of 

nanoparticle-containing intercalated nanolayers were designed to 

develop treatments including nanostructures with different 

isotropic and anisotropic geometries. 

2. EXPERIMENTAL SECTION 

2.1. Materials. TiO2 P25 supplied by Evonik Corporation has 

been used as the photocatalyst isotropic nanostructure. This 

commercial product contains 80wt% anatase and 20wt% rutile 

structures with 25–30 nm particle size [29]. Two type of modified 

and unmodified nano layers have been used as the anisotropic 

nanostructueres including natural montmorillonite, Cloisite® Na+ 

and organo-modified montmorillonite (Cloisite® 30B: sodium 

montmorillonite modiied by methyl, tallow, bis-2-hydroxyethyl, 

quaternary ammonium chloride), produced by Southern Clay 

Company. Polysiloxane CT 208 E emulsion was kindly gifted 

byWacker Finish. 

2.2. Methods. The sample has been produced according to the 

method reported in our prior research [29], briefly as follows. 

Table 1. Introducing of different samples [29]. 

Sample code 
pre-treatment nano-layer functionaliziation nanoparticle functionaliziation 

mercerizing natural NLs organo-modified NLs TiO2 NPs 

C     

M.C     

NL     

ONL     

M.NL     

M.ONL     

NP     
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Sample code 
pre-treatment nano-layer functionaliziation nanoparticle functionaliziation 

mercerizing natural NLs organo-modified NLs TiO2 NPs 

M.NP     

NL/NP     

ONL/NP     

M.NL/NP     

M.ONL/NP     

     

Colloidal solutions of 0.1wt% natural or organo-modified 

clay nano-layers (NLs or ONLs) have been prepared using 

magnetic stirrer and ultrasonic waves. Then, keeping the 

dispersing powers, the TiO2 nanoparticles (NPs, 0.1wt%) have 

been gradually added to the clay colloidal solutions. The 

mercerized and unmercerized cotton fabrics have been treated via 

exhaustion process under ultrasonic waves for 45 min. The 

produced samples have been coded by their treatment components 

as NL, ONL, NP, NL/NP and ONL/NP (Table 1). For after-

treatment by XPs, each sample was immersed in 2 wt% 

polysiloxane solution for 5 s and squeezed by pad to 100% wet 

pick-up and dried at 100 oC [29]. 

2.3. Characterization. The dye photodegradation process has 

been performed similar to  our previous research [28] following 

Böttcher et al. [30], using Levafix Brill Rot Red 158 produced by 

Dystar as a reactive dye (λmax=510 nm) in a variety of pH (3-7) 

adjust by proper buffer solution of acetic acid and sodium acetate 

(for pH 3 and 5). The absorption intensities of dye effluents have 

been recorded by time applying a UV mini-1240 uv-vis 

spectrophotometer, Shimadzu, USA. A sample of dye solution 

without any fabric sample, termed Cb, has been considered in each 

process to identify the behavior of dye solution  under the UV 

irradiation. The reflectance of filter samples used in dye 

decolorization process have been studied by an X-rite 

Spectrophotometer to distinguish if the dye molecules were 

absorbed by the filter, or really degraded through photocatalytic 

activity of TiO2 NPS. The color differences of each sample before 

and after using in the purification process has been calculated and 

reported as ΔE along with the “L”, “a” and “b” as the values of 

Lightness, redness–greenness, yellowness–blueness, respectively. 

3. RESULTS AND DISCUSSIONS  

3.1. Photodegradation process at pH value of 5. A highly 

photo-stable dye molecule has been used to provide the test dye 

effluent. The data recorded in Table 2 also show that the dye 

decolorization cannot happen by UV irradiation without the 

photocatalytic activity of nanostructures in the blank sample (Cb). 

Increasing the absorption intensity in the blank sample by UV 

irradiation time may be associated with a UV-intensified 

resonance excitation phenomenon or forming some new complex 

under UV irradiation in water. However, only UV irradiation did 

not result in the dye decolorization. The results showed that the 

dye decolorization efficiency of pretreated (mercerized samples) 

functionalized by nano TiO2 (M.NP) was more than that of un-

mercerized ones (compare Figures 1a & b). The data recorded in 

This is associated with absorption of more TiO2 on the pretreated 

samples, as discussed in our fundamental investigations [29]. As 

shown in Figure 1a-d the dye decolorization efficiency of nano 

TiO2 treated samples (M.NP and NP) was more than clay treated 

samples (M.NL, M.ONL, NL, ONL). Moreover, adding nano-clay 

to nano-TiO2 not only did not improve the decolorization 

efficiency of TiO2 but also decrease it via blocking the photon 

resulting in reducing the photocatalytic activity of TiO2 (Figure 1a 

& b). 

As shown in Figure 1a the best efficiencies have been 

recorded by using mercerized TiO2 treated sample (M.NP) as well 

as mercerized organo-modified montmorillonite and TiO2 treated 

sample (M.ONL/NP). The efficiency of mercerized organo-

modified montmorillonite and TiO2 (M.ONL/NP) was more than 

mercerized natural montmorillonite and TiO2 (M. NL/NP). By 

using these samples about 87% and 79% decolorization efficiency 

have been recoded after 1.5 h and the complete decolorization 

have been recorded after 2.5 h and 3 h, respectively. 

 
Figure 1. Photocatalytic dye decolorization efficiencies at pH=5. 

 

Table 2. Absorption intensities of blank sample (Cb). 

Time (h) 
pH=3 pH=5 

Absorption intensity Absorption intensity 

0 17.15 17.16 

0.5 22.03 17.58 

1 22.08 16.07 
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Time (h) 
pH=3 pH=5 

Absorption intensity Absorption intensity 

1.5 22.2 17.71 

2 22.22 19.07 

2.5 23.19 19.02 

3 23.37 19.63 

3.5 23.56 19.73 

4 23.96 21.51 

This is in full-agreement with the raised hypothesis in our 

earlier study [29] in the case of the less co-covering of NPs and 

nanolayers on the sample treated with organo-modified 

montmorillonite and TiO2 due to their surface charges and 

differences of their surface energies.  

As it has been discussed, co-covering of NPs by nanolayers 

can limit receiving the photon to NPs and reduce the 

photocatalytic activity of TiO2 NPs. The spectrophotometric 

studies of filters after the decolorization process proved the dye 

degradation during decolorization process upon using the best 

samples. L0, a0 and b0 associated with the samples before using in 

the decolorization process have been taken to calculate ΔE (Table 

3). Then, higher value of ΔE shows dye absorption while 

decreasing ΔE along with good decolorization efficiency shows 

the desirable dye degradation through the dye decolorization 

process.  

 

 

Scheme 1. Polysiloxane-shield nano-patterned nanolayers as  multi-

component nano-reactors for photocatalytic purification reproduced from 

the preceding research [29] and adapted for demonstrating the dye 

degradation nano-reactors. 

For instance, high value of ΔE near to untreated sample 

recorded for sample functionalized with only clay shows that the 

mechanism of decolorization in the case of these samples is dye 

absordtion but not the dye degradation, because clay does not 

demonstrate photocatalytic activity. However, negligible ΔE 

(Table 3) on mercerized samples functionalized by TiO2 (M.NP) 

as well as mercerized organo-modified montmorillonite and TiO2 

(M.ONL/NP) as the best sample proved the real dye 

photodegradation via photocatalyst activity of TiO2 NPS. 

The results recorded by XPS-treated mercerized samples 

(Figure 1c) demonstrated also the same effect. The samples 

functionalized by TiO2 (M.NP) as well as organo-modified 

montmorillonite and TiO2 (M.ONL/NP) showed the best 

efficiency. However, the enhanced efficiency of un-mercerized 

XPs-treated TiO2 functionalized samples (NP) as compared to that 

of mercerized one (M.NP) can be associated to super 

hydrophobicity of the mercerized sample which delays the dye 

adsorption in the beginning. However, as dye adsorption takes 

place, the dye degradation will follow faster due to presence of 

more TiO2 NPs on the surface to some extent. The 

spectrophotometric studies of filters after the decolorization 

process (Table 3) proved the dye degradation during 

decolorization process upon using the best samples. After XPs-

treatment the efficiency of TiO2/clay functionalized sample 

(especially M.ONL/NP) has been enhanced and reach to TiO2-

functionalized sample or even more. This implies the mechanism 

raised in our previous research [28] in the case of accelerated 

degradation of entrapped dye molecules into the polysiloxane-

shield nano-reactors. In fact, active oxygen species, generated by 

TiO2, were significantly blocked between the XPs-shield 

intercalated nanolayers and can drastically impact the entrapped 

dye molecules. In this way, the dye molecules are in close contact 

with concentrated active oxygen species into the created nano-

reactors (scheme 1) providing an accelerated degradation of dye 

molecules. Consequently, the XPs coating can compensate for the 

decrease of the photo-blocking effect of nanolayers. Evaluation of 

the antibacterial efficiency of samples proved an excellent photo-

bioactivity [29] in the case of samples with the best photocatalytic 

dye decolorization efficiencies reported in this paper. 

3.2. Photodegradation process at pH value of 3. The similar 

results have been obtained upon using pH=3. Similarly, the 

samples functionalized by TiO2 (M.NP) as well as organo-

modified montmorillonite and TiO2 (M.ONL/NP) showed the best 

efficiency (Figure 2). It should be pointed out that, in this 

condition, the efficiency of sample functionalized by natural 

montmorillonite, Cloisite® Na+ and TiO2 has also reached the 

efficiency of organo-modified montmorillonite and TiO2. 

This can be related to the increase of positive surface 

charge of Na+ on the natural montmorillonite by decreasing the 

pH, providing more affinity to adsorb the dye molecules, 

especially on the XPs–treated sample which adsorbed dye 

molecules are in close contact with concentrated active oxygen 

species into the created nano-reactors. However, the efficiency of 

dye degradation at pH=5 is more than pH=3. As it has been 

discussed before [28], the absorbed dye molecules on the surface 

can be degraded faster in near contact to more concentrated of 

active oxygen species generated by the photocatalyst activity of 

TiO2 NPs. The point of zero charge for TiO2 has been recorded at 

a pH of 5.6 [31]. Then, it is expected that by decreasing the pH 

value from 5 to 3 the positive surface charge of NPs and 

consequently their affinity to absorb dye molecules would be 
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increased. However, the contradictory effect showed that some 

negative groups of dye molecules may be protonated in low pH. 

This reduced their negative surface charges dominating the effect 

of increasing positive surface charges of NPs. 

3.3. Photodegradation process at pH value of 7. The results 

(Figure 3) showed a similar trend to pH=3 and 5, however, with 

the decreased efficiency. Considering the point of zero charge for 

TiO2 (pH = 5.6) [31], the TiO2 nanoparticles have been negatively 

charged at pH = 7 [32, 33].  

 
Figure 2. Photocatalytic dye decolorization efficiencies at pH=3. 

 

This reduced the affinity of dye molecules with anionic 

groups to adsorb on the samples. Although the density of positive 

surface charge on clay nanolayers has been also reduced at this 

pH, natural montmorillonite, Cloisite® Na+ has the relatively 

most positive surface charge density. 

 
Figure 3. Photocatalytic dye decolorization efficiencies at pH=7. 

 

The results also show, the efficiency of sample 

functionalized by natural montmorillonite and TiO2 (NL/NP) has 

been reached to the best samples proving the efficiency of the 

surface charge and dye adsorption. However, the overall 

decolorization efficiency of samples has been reduced in this 

condition. Consequently, the best condition was determined by 

providing the highest affinity of dye adsorption passing of an 

optimum of pH=5. 

Table 3. The color differences of each sample before and after using in the purification process. 

XPs-treated Without XPs 
pH 

ΔE b a L ΔE b a L Samples 

28.63 -4.09 23.99 75.46 26.71 -4.44 22.52 77.07 MC 

5 

24.64 -3.08 20.77 77.62 21.98 -3.28 18.69 79.65 C 

26.85 -3.2 22.51 76.16 26.09 -3.91 21.87 79.93 M.NL 

22.4 -2.1 19.06 78.82 23.13 -2.88 19.68 78.79 NL 

26.24 -3.02 21.9 76.27 26.16 -3.59 21.97 76.83 M.ONL 

25.68 2.73 21.95 77.41 23.34 -2.94 20.05 79.05 ONL 

12.96 2.32- 10.45 83.67 5.73 0.00 4.27 86.64 M.NP 

8.12 0.24 6.96 86.22 11.37 -1.34 9.57 84.91 NP 

18.24 -2.72 15.07 80.78 20.67 -4 16.45 79.38 M.NL/NP 

16.82 -2.44 14.2 82.12 15.53 -2.52 12.79 82.78 NL/NP 

8.98 -0.56 7.47 85.76 7.16 -0.45 5.52 86.08 M.ONL/NP 

18.84 -3.13 16.27 82.08 18.29 -2.93 15.48 81.58 ONL/NP 

26.41 -3.44 21.68 75.74 25.24 -3.97 21.25 77.66 MC 

3 

22.86 -3.47 19.31 78.75 21.64 -3.13 18.42 79.82 C 

26.2 -3.34 21.83 76.37 25.41 -3.68 21.31 77.25 M.NL 

21.57 -1.94 18.20 78.96 23.1 -3.00 19.83 79.19 NL 

26.02 3.21- 21.81 76.64 26.65 -3.59 22.55 76.82 M.ONL 

26.05 -3.21 22.16 77.21 23.45 -2.97 20.13 78.98 ONL 

11.96 -1.81 9.82 84.35 7.76 -1.09 5.99 86.22 M.NP 

10.31 -0.66 8.90 85.61 13.27 -2.18 11.2 84.35 NP 
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XPs-treated Without XPs 
pH 

ΔE b a L ΔE b a L Samples 

15.87 -2.14 13.03 81.83 10.51 -1.09 8.35 84.3 M.NL/NP 

11.91 -0.57 10.10 84.17 14.77 -2.46 12.61 83.83 NL/NP 

10.5 -1.05 8.65 84.87 7.90 -0.77 6.16 85.88 M.ONL/NP 

12.52 -1.31 11.05 85.35 11.9 1.45 9.90 84.39 ONL/NP 

13.77 -1.48 10.87 79.54 13.26 -2.03 10.65 80 MC 

7 

10.36 0.42 8.46 81.47 9.89 -0.85 8.32 82.49 C 

13.49 -1.41 10.62 79.66 13.21 -1.98 10.63 80.03 M.NL 

9.09 0.50 7.53 82.41 9.69 -0.68 8.25 82.71 NL 

13.67 -1.59 11.01 80.03 13.09 -2.08 10.47 80.08 M.ONL 

10.18 -0.57 8.45 82.29 9.94 -0.96 8.45 82.82 ONL 

11.31 -1.92 9.33 82.41 6.45 -0.43 4.38 82.79 M.NP 

9.16 -1.32 7.79 84.18 7.97 -1.23 6.39 84.29 NP 

11.67 -1.13 9.41 81.16 7.95 -0.47 6.27 82.70 M.NL/NP 

9.13 -1.44 7.59 83.84 8.88 -1.10 7.46 83.86 NL/NP 

7.25 -0.55 5.74 83.78 6.12 -0.53 4.58 84.35 M.ONL/NP 

8.90 -1.66 7.50 84.76 7.36 -1.13 5.80 84.75 ONL/NP 

 

4. CONCLUSIONS 

The similar trends for the different treatments have been 

obtained upon using various pH of 3, 5 and 7. Similarly, the 

mercerized samples functionalized by TiO2 (NP) as well as 

organo-modified montmorillonite and TiO2 (NL/NP) showed the 

best dye degradation efficiency along with the excellent 

bioactivity. The absorbed dye molecules on the surface can be 

degraded faster in near contact to more concentrated of active 

oxygen species generated by the photocatalyst activity of TiO2 

NPs. Consequently, the best condition determined by providing 

the highest affinity of dye adsorption passing of an optimum of 

pH=5. At pH=3 some negative groups of dye molecules can be 

protonated in low pH. This reduced their negative surface charges 

as well as their affinity. Considering the point of zero charge for 

TiO2 (pH=5.3) [31], the TiO2 nanoparticles have been negatively 

charged at pH=7. This reduced the affinity of dye molecules with 

anionic groups to adsorb on the samples. Consequently, the 

optimum accomplished upon using pH=5. The dye degradation 

efficiency of nano-TiO2 treated samples was more than clay 

treated samples. The positive effect of the pretreatment 

(mercerizing) has been revealed. The efficiency of organo-

modified montmorillonite and TiO2 was more than that of natural 

montmorillonite and TiO2. However, adding nano-clay to nano-

TiO2 not only did not improve the degradation efficiency but also 

decreased it by blocking the photon resulted in reducing the TiO2 

photocatalyst activity. After XPs-treatment, the efficiency of 

TiO2/clay functionalized sample enhanced and reached to TiO2-

functionalized sample or even more. This implies the accelerated 

degradation of entrapped dye molecules into the polysiloxane-

shield nano-reactors. In fact, active oxygen species generated by 

TiO2 were significantly blocked between the XPs-shield 

intercalated nanolayers and can drastically impact on the 

entrapped dye molecules. All the results were in full-agreement 

with the hypotheses and models raised our preceding report [29]. 
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