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For one layer, ethylene conversion yield obtained with aluminum substrate is 5 times lower than that obtained
with an equivalent film deposited on a borosilicate glass substrate (Fanou et al, 2016). This reduction
corroborates the result of Ho et al., 2007 on the comparison study of the photocatalytic efficiency of TiO2 films
on aluminum and on quartz. Different factors can be put forward to explain this result:

e the amount of photocatalyst fixed on the metal substrate by sol-gel is low compared to films on
borosilicate glass rich in silica : the bonds ensuring the adhesion of films by dip-coating result from the
condensation of the Si-OH and Al-OH groups of the substrate and the Ti-OH group of the composite. This
reaction is easily carried out between the Ti-OH and Si-OH groups because of the basic nature of the first
and acidic of the second. On the contrary, the AI-OH group is an amphoteric, consequently the
condensation with Ti-OH is relatively less easy.

¢ Numerous previous studies have shown that AI** ions from the composite-substrate interface can diffuse
inside of TiO2 films (Zhu et al, 2001; Lopez et al, 2013; Ho et al., 2007) thus forming a cationic Al-TiO2
doped material. This type of doping has a negative effect on the photocatalytic activity because the
dopant acts as a recombination center for photoinduced charges (e- / h +) (Gesenhues, 2001; Lee et al,
2003).
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Figure 3 : Evolution of the photodegradation of ethylene by TiO2-P25@n-TiO2 composite as a function of the
run time for 3 layer thickness. ( A = 360 nm, ethylene 150 ppm, flow rate 10 mL.min™).

3.4 Modeling

The material photocatalytic efficiency generally depends on its charge. It tends towards a saturation regime
which will be established when the materials can no longer absorb more the photons of the exciting radiation.
This occurs when the mass is large, for high film thickness (Hermann, 1999).
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Figure 4 : Schematic representation of the layer

The light intensity in the layer (L) can be expressed by the following equation:

L = Iye™*(6=0) 4 Rl *8e~kx (1)
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Where lo is incident light intensity, R is reflection coefficient from Al plate, & is film thickness and k is
photodegradation rate constant.
The probability of charges (e/h) survival as distance from substrate is given by the following equation

P=(1- e_%) @)
where a is death layer for electron-hope pairs excitation.
The layer charge is a combination between absorbed light and probability of charges migration to the surface:
Nen oc (absorbed light) x (probability of charges migration to surface) = [ L(x)P(x)dx, 0Sx<$ (3)
Finally the photocatalytic activity can be defined by Activity = A = [ kL(x)P(x)dx, with x[0, J] (4)
Fanou et al (2016) showed that the average order of the photooxidation reaction is close to 1 for ethylene
concentrations < 120 ppm. Consequently, the photocatalytic activity can be written:

[ [
A=1[(1-e™*) = (1 — ka)™* (e—M - e‘a)] + Rlpe ™ [(1— e — (1 — ka)~* (1 - e"“*‘a)] (5)
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Figure 5 : Fit of experimental data adapted to a continuous-flow-fix-bed reactor

Most important result of the best fit of experimental data (figure 5) with equation 5 is that a=20 nm. This
adaptation layer has a poor photocatalytic activity because of the electronic coupling with substrate. The
aluminium plate attracts photoinduced charges, which recombine. Apparently, the thin oxidized surface layer
of the plate does not effectively separate semiconductor and metal.

This is not an effect of the specific surface area (BET), since the last is proportional to the deposited mass
(Niayers) (see Figure 5). Furthermore, no signs of saturation permit an estimation of the TiO2 absorption
coefficient at 360 nm: k<2-10* cm™', which indicates a strong porosity of the deposited films. Indeed, the value
of k~10% cm could be expected in TiO2 solid, which sets the film mass density on ~20% (or smaller) of the
bulk solid. Generally, 50% bulk mass density is expected in sol-gel films. Even lower mass density of the
prepared films can be explained by the particular composition of P25 nanopowder particles linked by nano-
TiO2.

4. Conclusions

The photocatalytic performance of films deposited on aluminum was evaluated by photooxidation of ethylene
at L = 360 nm for the TiO2-P25@n-TiO2 composite. The results showed that the photocatalytic of the first layer
of the deposit on Al is 5 times lower than that observed on borosilicate glass. This result was interpreted due
to a lower mass deposition on the metal substrate resulting from less favorable condensation between the Ti-
O-H and AI-O-H groups compared to that between Ti-OH and Si-OH. Finally, a modeling was carried out. A
death layer of electron-hole pairs excitation of 20 nm, corresponding of the film thickness, was found.
Furthermore, the estimation of the TiO2 absorption coefficient (k<2 .10* cm™") indicates a strong porosity of the
deposited films.

References

Amores JMG, Escribano VS and Busca G., 1995 Anatase crystal growth and phase transformation to rutile in high-
area TiO2, MoO3-TiO2 and other TiO2-supported oxide catalytic systems, J Mater Chem; 5: 1245-1249.

Azouani R, Soloviev A, Benmami M, Chhor K, Bocquet JF and Kanaev A, 2007. Stability and growth of titanium-oxo-
alcoxy TixOy(OiPr)z clusters, J Phys Chem C; 111: 16243-16248.



648

Azouani R., Tieng S., Chhor K., Bocquet J.-F., Eloy P., Gaigneaux E. M., Klementiev K., Kanaev A., 2010, TiO2
doping by hydroxyurea at the nucleation stage: towards a new photocatalyst in the visible spectral range, Phys.
Chem. Chem. Phys. 12 : 11325-11334.

Azouani R, Michau A, Hassouni K, Chhor K, Bocquet JF, Vignes JL et al., 2010 Elaboration of pure and doped TiO2
nanoparticles in sol-gel reactor with turbulent micromixing: application to nanocoatings and photocatalysis,
Chemical Engineering Research & Design; 88: 1123-1130.

Balachandran U and Eror NG., 1982 Raman spectrum of titanium dioxide, J Solid State Chem; 42: 276-282.

Fanou G.D., Yao B., Cheng K., Brinza O., Traore M., Kanaev A., Chhor K., 2016, “Elaboration of novel
nanoparticulate TiO2-P25@nTiO2 composite for Catalysis”, International Journal of Advanced Applied Physics
Research 3 : 19-25.

Fujishima A, Rao TN and. Tryk DA, 2000. Titanium Dioxide Photocatalysis, J Photochem Photobiol C Photochem
Rev; 1: 1-21.

Fujishima A, Zhang X and Tryk DA., 2008, TiO2 photocatalysis and related surface phenomena, Surf Sci Rep ; 63:
515-582.

Gesenhues U., 2001, Al-doped TiO2 pigments: influence of doping on the photocatalytic degradation of alkyd resins,
J. Photochem. Photobiol. Chem. 139 243-251.

Giwa A., Yusuf A, Balogun H. A, Sambudi N. S., Bilad M. R., Adeyemi I., Chakraborty S. Curcio S., 2021, Recent
advances in advanced oxidation processes for removal of contaminants from water: A comprehensive review,
Process Safety and Environmental Protection, 146 : 220-256

Heikkila M., Puukilainen E., Ritala M., Leskelda M., 2009, Effect of thickness of ALD grown TiO2 films on
photoelectrocatalysis, J. Photochem. Photobiol. Chem. 204 200-208.

Herrmann J.-M., 1999, Heterogeneous photocatalysis: fundamentals and applications to the removal of various
types of aqueous pollutants, Catal. Today. 53 115-129.

Ho W., Jimmy C.Y., Lee S., 2007, Photocatalytic activity and photo-induced hydrophilicity of mesoporous TiO2 thin
films coated on aluminum substrate, Appl. Catal. B Environ. 73 135-143.

Hurum DC, Agrios AG, Gray KA, Rajh T and Thurnauer MC., 2003, Explaining the Enhanced Photocatalytic Activity
of Degussa P25 Mixed-Phase TiO2 Using EPR, J Phys Chem B ;107: 4545-4549.

Jung K.Y., Park S.B., Ihm S.-K., 2002, Linear relationship between the crystallite size and the photoactivity of non-
porous titania ranging from nanometer to micrometer size, Appl. Catal. Gen. 224 229-237.

Kokubo T., Kushitani H., Sakka S., Kitsugi T., Yamamuro T., 1990, Solutions able to reproduce in vivo surface-
structure changes in bioactive glass-ceramic A-W3, J. Biomed. Mater. Res. 24 721-734.

Kumar KNP, Keizer K, Burggraaf AJ, Okubo T, Nagamoto H and Morooka S., 1992 Densification of nanostructured;
titania assisted by a phase transformation, Nature; 358: 48-51.

Lasa HD, Serrano B and Salaices M., 2005, Photocatalytic reaction engineering, New York; USA: Springer Science;
Business Media Inc.

Lee Y.C., Hong Y.P., Lee H.Y., Kim H., Jung Y.J., Ko K.H., Jung H.S., Hong K.S., 2003, Photocatalysis and
hydrophilicity of doped TiO 2 thin films, J. Colloid Interface Sci. 267 127-131.

Linesbigler AL, Lu G and Yates JT., 1995, Photocatalysis on TiO2 surfaces. Principle mechanisms and and selected
results, Chem Rev; 95: 735-758.

Lopez L., Daoud W.A., Dutta D., Panther B.C., Turney T.W., 2013, Effect of substrate on surface morphology and
photocatalysis of large-scale TiO 2 films, Appl. Surf. Sci. 265 162—-168.

Malato S, Blanco J, Vidal A and Richter C., 2002, Photocatalysis with solar energy at a pilot-plant scale: an
overview, Appl Catal B Environ; 37: 1-15.

Martyanov IN and Klabundev. 2004, Comparative study of TiO2 particles in powder form and as a thin
nanostructured film on quartz, J Catal; 225: 408-416.

Nielsen M.G., In S.-I., Vesborg P.C., Pedersen T., Aimtoft K.P., Andersen I.H., Hansen O., Chorkendorff I., 2012, A
generic model for photocatalytic activity as a function of catalyst thickness, J. Catal. 289 62—72.

Ohko Y, Hasimoto K and Fujishima A., 1997 Kinetics of photocatalytic reactions under extremely low intensity UV
illumination on titanium dioxide thin films, J Phys Chem A ; 101: 8057-8062.

Rivallin M, Benmami M. Kanaev A and Gaunand A., 2005 Sol-gel reactor with rapid micromixing: modelling and
measurements of titanium oxide nano-particles growth, Chemical Engineering Research & Design; 83: 67-74.
Rodriguez-Talavera R, Vargas S, Arroyo-Murillo R, Montiel-Campos R and Haro-Poniatowski E., 1997 Modification

of the phase transition temperatures in titania doped with various cations, J Mater Res; 12: 439-443.

Tompkins DT, Lawnicki BJ, Zeltner WA and Anderson MA., 2005, Evaluation of photocatalysis for gas-phase air
cleaning -Part1: Process; technical and sizing considerations, in:Geshwiler; M. (Ed.); Ashrae Transactions 111:
60.

Wang TM, Wang HY, Xu P, Zhao XC, Liu YL and Chao S., 1998, The effect of properties of semiconductor oxide
thin films on photocatalytic decomposition of dyeing waste water, Thin Solid Films; 334: 103-108.

Zhu Y., Zhang L., Wang L., Tan R., Cao L., 2001, Interface diffusion and reaction between TiO2 film photocatalyst
and aluminium alloy substrate, Surf. Interface Anal. 32 218—-223.





