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Abstract

An artificial neural network (ANN) was built to analyze the decrease of nitrogen oxides relativetpdi@er photocatalytic efficiency.
Experimental sets were considered to train and test ANN where it was possible to identify an optimized structure representing the correlations
between experimental variables and NO and,N@iciencies. Predicted results permitted to point out the role of exposed surface and
powder mass.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Atrtificial neural network; Photocatalysis; T#ONitrogen oxides removal

1. Introduction The aim of the present paper is to assess the possibility to
predict photocatalytic activity of the titanium dioxide pow-
The photocatalysis is a technique that allows environmen- der regarding the NOremoval by the technique of neural
tal purification of air and water by decomposition and re- computational method. In order to process large data gener-
moval of harmful gases. Titanium dioxide is one of the most ated by nitrogen oxides removal set up and to identify the
important photocatalyst used for such applications. Light role of experimental variables, an artificial neural network
excitation of Ti@ semiconductor, under a wavelength be- was built.
tween 360 and 380 nm, generates electrons and holes in the Such technique encodes relationships between process
conduction and valence bands, respectively. These specieyariables organized as inputs and outputs [5]. It permits also
are very reactive and can either recombine or diffuse to to take into account parameter interdependencies and pro-
semiconductor surface where they are trapped by adsorbedess variability [6]. In this study, it is used to quantify the
molecules of water and oxygen. They provoke the forma- relationships between photocatalysis experiment variables
tion of hydroxyl radicals that attack pollutant molecules and namely TiG powder mass, exposed surface and output vari-
thus degrade them. ables, namely NO and NCefficiencies.
TiO2 photocatalytic efficiency depends on various param-
eters such as crystalline phase type, surface morphology,
specific surface area and thermal treatment [1-4]. 2. Procedure
This paper deals with the decrease of nitrogen oxides
concentration using the photocatalysis method overzTiO 2.1, Materials and experimental design
powders. The nitrogen oxides N@especially NO and Ng¢)

forming by cars traffic, combustion of coals, thermal power  Tio, pegussa P25 (from Degussa AG) powder, generally
plants participate in the formation of acid rain, greenhouse ¢qngidered as a reference in the photocatalytic tests, was
effect, photochemical pollution and major problems on the \;seq to evaluate the photocatalytic decrease of nitrogen ox-
human health. ides. The powder has a specific surface area of abou&p m
(BET method, nitrogen adsorption at 77 K) and contains two
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Fig. 1. Morphology of TiQ powder (Degussa P25) under SEM (left) and TEM (right) analysis.
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Fig. 2. Photocatalytic test chamber for nitrogen oxides removal.

The experimental set-up for Ngphotocatalytic removal  the ultraviolet lamp was turned on. When Degussa P25 pow-
described in a previous paper [7] is presented in Fig. 2. Theder was used, variations in the nitrogen oxides were ob-
nitrogen oxides, prepared in situ by chemical reaction be- served during the irradiation. During the photocatalytic test,
tween copper powder and nitric acid, were introduced in an a rapid decrease of the pollutants concentrations took place
environmental chamber (volume of about 0.3)rallowing in the first minutes; after that this decrease became slower
nitrogen oxides volume concentration of about 1.0-1.5 ppm. in time. When the lamp was turned off, the concentration
The photocatalytic reactor (100 mril00 mmx 5 mm) was of nitrogen oxides started to increase. The decrease of pol-
equipped with a plexiglass window which allowed the light lutant concentrations was obtained only in presence of both
passage from an ultraviolet lamp (30% UVA and 4% UVB). photocatalyst and ultraviolet light (Fig. 3).

This reactor was placed inside the environmental chamber The photocatalytic efficiency was evaluated after the 10
and crossed by the NOlow. Nitrogen oxides amount was  first minutes of UV irradiation, as the ratio of the removed
measured continuously using an AC-30M Ndual chamber ~ concentration of nitrogen oxides. The decreases of pollutant
chemiluminescence analyzer (Environmental SA, France) concentrations, called efficiencies, were determined by the
and recorded with an acquisition data system. following relationships:

B_efore performlng the photocatalytic tes_t, a planktest was _ [NOJinitiar — INOJyy
carried out without the photocatalyst. No significant changes [NOlremoved(%) =
in the nitro id i [NOlinita

gen oxides concentrations were observed when

x 100 (1a)
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Fig. 3. Experimental photocatalytic test result over Figdwder (Degussa
P25).

Table 1
Parameters of photocatalytic tests

Number of test Exposed surface @&m

20 0.01
0.025
0.05
0.08

54 0.01
0.025
0.05
0.08

Powder quantity (9)

O~NO O~ WNPE

[NO][initial — [NOx]uv
[NO]initial

where [NOlemoved%) and [NQ]removed%0) are the con-
centration decreases of NO and NQ@espectively, in the
presence of the catalyst and UV irradiation; [IW@d and
[NO,Jinitial represent the values of the NO and Né»ncen-
trations without irradiation; [NQ]y and [NQJuy are the
values of the NO and NQOconcentrations under UV irradi-
ation.

x 100

[Nox]removed(%) = (1b)

The photocatalytic tests were performed over different
powder quantities of Degussa P25, ranging from 0.01 to
0.08 g, to observe the variations in the photocatalytic diminu-
tion of nitrogen oxides. The catalyst was exposed to UV
over two circular surfaces of 20 and around 54crespec-
tively. The parameters of photocatalytic tests are resumed in
Table 1.

2.2. Neural computation

An ANN was built to relate powder mass, exposed sur-
face and time to NO and NQefficiencies. Such structure
encodes the relationships between 1/O variables through a
large set of neurons which acts as mathematical decision
centers. These are connected by weights which are numbers
translating the strength of neuron connections. Input vari-
ables are looked as number fluxes which feed the network
structure and reach the output pattern. ANN optimization
process is based on a training procedure to decrease the er-
ror between ANN response and experimental response for
a given set of input variables. Such optimization considers
neuron number and weight updates. Optimization parame-
ters are summarized in Table 2. In this study, 488 experi-
mental sets are used to feed an ANN structure. The network
input contained three neurons representing powder quantity,
exposure time and surface, respectively. The output pattern
comprised two neurons representing the photocatalytic re-
sponse, namely NO and N@fficiencies.

Experimental sets are organized in training and test sam-
ples. The first category was used to tune neuron network
weights and the second category to test the network con-
figuration. Neuron penalty is introduced to optimize neuron
number. A stopping criterion was applied corresponding to
a fixed number of training and test cycles: 2000 cycles were
achieved for each network configuration after approximately
1h of computation time.

Table 2

ANN optimization parameters

Parameter Value Comments
Variable type Minimum Maximum

Input variables 3 Exposed surface @m 0 for 20 1 for 54
Exposed time (min) 0 10
Powder mass (g) 0 0.1

Output variables 2 NO efficiency (%) 0 100
NO, efficiency (%) 0 100

Architecture

Training algorithm

Database

Optimization cycle number
Number of hidden layers
Number of neurons in each layer

Feed-forward

Quick propagation

488 samples

2000
3
Varied

See [6] for definition

See [5] for definition

Category Sample number
Train 244
Test 244

One cycle corresponds to training and testing of the whole database passage
Suitable for non linear correlations. See [5] for further comments
This number is calculated from the optimization procedure
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Fig. 4. ANN optimized structure.
3. Results and discussion ment variable by varying independently each of them and

collecting NO and NQ efficiencies.

Fig. 4 shows the optimized ANN structure characterized Figs. 5 and 6 present the predicted photocatalytic effi-
by three hidden layers containing seven, four and three neu-ciency of the Degussa P25 powder for the diminution of
rons, respectively. Correlations were learnt from the databasenitrogen oxides, function of powder quantity and exposed
with a percentage of 98.57%. The overall optimization error surface to ultraviolet irradiation.
was in the average less than 5%. With the optimized struc- In all cases, it was observed that a fast diminution in the
ture, it was possible to quantify the effect of each experi- nitrogen oxides concentration was recorded in the first min-
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Fig. 5. ANN predicted curve of (a) NO and (b) N@emporal decrease Fig. 6. ANN predicted curve of (a) NO and (b) N@emporal decrease
for different powder quantities (exposed surfae0 cn?). for different powder quantities (exposed surfae&4 cn?).
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Fig. 7. Comparison between experimental and simulated photocatalytic results for surface of (&)a2ficfn) 54 cri. Results obtained after 10 min of
ultraviolet irradiation.

utes of illumination. Then, this diminution remained almost an optimal value over which efficiency remained practically
constant with UV time for the NO and was slowly decreased the same. Zhang et al. [8] and Herrmann [9] quoted also
for NO, pollutant. When the powder was spread out over that photocatalytic degradation rate of different agueous
the surface of 20 cA&) NO diminution varied with the P25  pollutants increased with a catalyst mass until a maximum
guantity from 7 to 15% after 10 min of UV illumination. value that depended on the type of photocatalyst, the pho-
In the meantime, NQdiminution is predicted to be around toreactor geometry and working conditions. The mass limit
3-7% when the mass increased from 0.01 to 0.08 g (Fig. 5).corresponded to the case where all Tifarticles (i.e. the
For an exposed surface of 54€r(Fig. 6), simulation whole exposed surface) were irradiated and participated to
results show that NO removal was between 8% (for 0.01 g) the photocatalytic process. For higher powder quantities, a
and 31% (for 0.08g) and NQOdecrease varied from 3 to  screening effect of particles in excess occurs, which masks
10% with powder mass (Fig. 6). When experimental pho- a part of the photoactive surface. In such a way, Byrne et al.
tocatalytic tests were carried out over the powder exposed[10] noted that photocatalytic efficiency of the T@ the
on the surface of 54 c¢fn NO removal increased from 8%  degradation of phenol concentration seemed decrease with
(0.01g powder) to 32% (0.08g P25), whereas ,N@- the mass of the photocatalyst.
moval varied from 4 to 14% after 10 min of ultraviolet In addition, optimal powder mass depended on the ex-
irradiation. posed surface to ultraviolet irradiation. In this study, the limit
These results show overly that photocatalytic efficiency value was 0.06 g for a surface of 20€mnd 0.08g for a
of Degussa P25 was higher when powder was exposed tosurface of 54 crh
illumination onto a larger surface. Moreover, for a given ex-  Fig. 7 compares results obtained from the photocatalytic
posed surface, efficiency increased with powder mass untiltests with those obtained from neural computation after the
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