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Abstract 

The photoactivity of supported TiO: and M" +/TiO2 (M" '  ~ Li ' .  Zn 2 ~. Cd-" ' ,  Ce 3 *. Co ~ *. Cr ' ~. Fe ~ *, AI ~*, Mn-" ÷ and Pt o) layers, 
fixed on glass fibres by the sol-gel technique, was tested using the reaction of phenol degradation. The concentration of metal dopant in lhe 
immobilized photocatalysts was 5 tool.% M" ~ : Ti 4 *. In addition, the effect of platinum loading in Pt°/TiOz samples (Pt ° content in the 
range 0.5-5.0 tool.% Pt ° : Ti 4~ ) was investigated. The prepared materials were also characterized by their isoelectric points and reflectance 
spectra. The photoaetivity of the materials prepared is strongly dependent on the character and concentration of the dopant. The best results 
in terms of phenol decomposition were obtained for dopant-free TiO_~, Li +/TiO2, Zn-" +/TiO2 and Pt°/TiO~ ( Pt content, less ~han 5 tool.% 
Pt () : TP '  ). However. using Pt°/TiO, layers, we observed a slower decomposition of hydroquinone, which is produced as an intermediate by 
phenol hydroxylation. The presence of Co~', Cr ~ ÷, Ce ~ , Mn-" +, AI ~" and Fe ~ ~ ions in the TiGz photocatalyst (5 tool.% M" ~ : Tia ~ ) has 
a detrimental effect c., its photoactivity. © 1997 Elsevier Science S.A. 
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I. Introduction 

The photocatalytic mineralization of organic pollutants 
using active TiO_, photocatalysts has been established as an 
effective method for water and air purification [ I--41, How- 
ever, the use of powdered photocatalysts in technological 
applications may produce difficulties dud ng processing. Con- 
sequently, recent investigations have focused on the prepa- 
ration of immobilized, active TiO_~ layers on suitable 
supporting materials [ 5-12 I. TiO2 layers have been success- 
fully prepared by the sol-gel process [ 7--I ! I. Their structure 
and photochemical activity are strongly dependent on the 
temperature processing during preparation [ 8. I 1,13 I. 

The incorporation of metal ions in TiO_~ photocatalysts may 
substantially alter their photocatalytic activity [ 14-20]. In 
addition, the bulk and surface properties and the photoactivity 
are strongly dependent on the methods used for photocatalyst 
formation. The dominant parameters include the character 
and concentration of the dopant and the thermal treatment 
I15,17]. 

In this study, we prepared TiO~ and M"+/TiOz 
(M ,,+ _=Li +, Zn "+, Cd z+, Ce -~+, Cr ~+, Co 3+, Fe 3+. Ai 3+, 
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Mn -'+ and Pt °) layers fixed on glass fibres by the sol-gel 
technique. The concentration of metal dopant in the fixed 
photocatalysts was 5 mol.% (M n+ : Ti "*+ ). In addition, for 
Pt°/TiO2, we synthesized materials with metal concentrations 
of 0.5. 1.25. 2.5 and 3.75 mot.% iPt° : Ti4+). The photo- 
catalytic activity of the supported photocatalysts was tested 
using the reaction of phenol degradation. 

2. Experimental  details 

2.1. Chemicals 

Titanium(IV) tetrabutoxide (Ti[O(CH2)3CH3]4; 99%) 
and ethyl acetoacetate (99%) were purchased from Aldrich. 
Methanol (quality for gas chromatography), ethanol (spec- 
troscopic grade), nitric acid and phosphoric acid were 
obtained from Lachema (Czech Republic). Ethanol used for 
TiO2 sol preparation was dried using sodium, and then 
distilled. Phenol, provided by Reactivul (Romania),  was 
used without further purification. The metal salts LiNO3, 
Zn(NO3)2-6H20, Ce(NO3)3.6H20, CrCI3-6H20, Co- 
( NO3 ) 3" 6H20, FeCl3 • 6H,O, Al ( NO3 ) 3" 9HzO, Cd ( NO 3 ) a" 
4I-lzo and 5,tnCl~- 4H20 (analytical grade. Lachema. Czech 
Republic) and Na,PICI6-6H.~O tFluka) were applied for 
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doped TiO_, layer preparation. Deionized water was used in 
all the experiments. 

2.2. Preparation v fT i02  sol and 170, supported on glass 

fibres 

Commercial glass fibre fabric (for technical laminate 
application, Skloplast, SIovak Republic), with a specific 
weight of 500 g m -  "~ and a fibre diameter of 13 ~m, was used 
as support material. The coating surface layer (methacryl 
silane) of the technical glass fibre was removed by firing at 
400 °C. 

The TiO2 sol corresponding to 5 wt.% of TiO2 was syn- 
thesized by the sol-gel technique as described in Rel: [ 2 i ]. 
The glass fibre fabric was dipped into the prepared TiO, sol. 
After removal, the layer was equilibrated for 2 days in the 
laboratory, and then stepwise calcined in a furnace, with 30 
rain steps every 100 °C including the top temperature of 450 
°C, and freely cooled to room temperature. The concentration 
of titania in the supported photocatalyst was i0 mg per i g 
of glass fibre. The TiO_, layers doped with metal ions were 
prepared analogously. The calculated amounts of metal salts 
wer~ diluted directly in the prepared TiO_~ sol (the molar 
concentration of metal was evaluated in relation to titanium ). 

2.3. M" + /TiOz photocatalyst characterization 

The dependence of the ~" potential of the supported M" ÷ / 
TiO, photocatalysts on the pH was studied using an electro- 
kinetic analyser ( EKA-Paar, Austria) at a temperature of 25 
°(2. NaNO3 was applied as the basic electrolyte (concentra- 
tion, 10-" M), and the pH values were maintained using 0.2 
M HCi and 0.2 M NaOH [ 22 I. 

The reflectance spectra of the supported M" ÷/TiO2 pho- 
tocatalysts were measured using a UV-visible spectropho- 
tometer (M40, Zeiss. Germany) equipped with a reflectance 
acces~ry with an integration sphere. 

The X-ray powder patterns of Pt/TiOz were recorded using 
a DRON UMI X-ray powder diffractometer with Bragg- 
Brentano parafocusing geometry equipped with a scintilla- 
tion detector. Cu K, radiation ( A = 0.1542 rim) was applied. 

2.4. Photocatalytic experiments 

The activity of the supported M "÷/TiOz photocatalysts 
(area, I dm 2) was tested using the reaction of phenol deg- 
radation, The reactions were performed in a photochemical 
immersion well ( Applied Photophysics, UK) using a 125 W 
medium pressure mercury lamp (Applied Photophysics) as 
irradiation source. With the aim of inhibiting any direct pho- 
tochemical process, wavelengths below 300 nm were 
removed using a Pyrex sleeve inserted in the central part of 
the photoreactor. The irradiated systems were continuously 
saturated by oxygen (flow rate, 100 ml min-  ~). The exper- 
iments were carried out at a temperature of 50 °C. The pH 

values of the solutions were controlled by HCI and NaOH 
addition. 

2.5. Product analysis 

The concentrations of phenol and its degradation products, 
hydroquinone and catechol, in the irradiated samples were 
determined by high performance liquid chromatography 
(HPLC) (FPLC Pharmacia, Sweden) using a Separon SIX 
C-18 column (Tessek, Czech Republic) and a UV detector 
(A=280 nm~. A mixture of methanol-water-H3PO.~ 
( 35 : 65 : 0. I ) was applied as mobile phase. 

UV spectra were measured using a UV-visible spectro- 
photometer ( PU 8800, Philips) for all irradiated samples. 

The concentration of phenol in the irradiated samples was 
also evaluated by the principal component regression (PCR) 
method 123,241. The vector elements of the standard con- 
centrations for phenol were determined by simultaneous 
measurement of the UV spectra and phenol concentration by 
HPLC in the analysed samples. 

3. Results and discussion 

3. I. Blank experiments 

In the blank experiments, solutions with an initial phenol 
concentration of co = I mM were irradiated without photo- 
catalyst under identical conditions to those of the standard 
photocatalytic experiments ( Pyrex sleeve, oxygen flow, tem- 
perature of 50 °C). During 60 rain of irradiation, tile concen- 
tratioz~ of phenol was monitored, and only negligible changes 
were observed. Thus the presence of TiO., photocatalyst is 
necessary for effective phenol decomposition on irradiation 
under the given experimental conditions. 

3.2. Isoelectric point ( IEP) determhzation 

Figure I shows the dependence of the ~" potential on pH 
for TiO2 and Li -~/TiO2 ( 5 mol.% Li + : q'i 4 ~ ) photocatalysts 
supported on glass fibres using the sol-gel technique. For 
all the prepared M"÷/TiO2 photocatalysts (5 tool.% 
M" ÷ : Ti 4 ÷ ), the measured dependences of the ~' potential 
on pH are analogous to that depicted in Fig. I. These were 
approximated by a quadratic function using the program SCI- 
ENTIST (MicroMath). The calculated values of the IEP are 
summarized in Table I. 

For the M "+/Ti02 photocatalysts prepared in our labora- 
tory, the values of IEP are in the range 3.7--4.5, which is in 
agreement with IEP = 4-6 predicted for TiOz supported films 
110]. As can be seen below, the changes in IEP do not directly 
reflect the photoactivity of M" ÷/TiO2 catalysts. 

As the surface charge of M" ÷/TiO2 photocatalysts can 
substantially influence the adsorption of phenol (pKph~,o~( 25 
°C) =9.95 1251 ), the effect ofpH was studied in detail for 
Pt°/TiO2 photocatalysts at a temperature of 50 °C. The deg- 
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Fig. I. Dependence of the ~ potential on the pH at 25 °(2 for TiO: photoca- 
talysts supported by the sol-gel technique on glass fibres: O, TiO:; O, Li ÷ / 
TiO: (5 tool.% Li + : TP ~ ). 

Table I 
Isnelectric point (1EP) determined at 25 °C for M"'!TiO~ (5 mol.% 
M ~+ :Ti "*+ ) photocatalysts supported by the sol-gel technique on glass 
fibres 

Photocatalyst IEP 

TiO: 4.5 
Li +/TiO: 3.7 
Zn: +/TiO., 4, I 
Cd: +/TiO: 4, I 
Pt"/TiO, 4.4 
Ce ~ ÷/TiO.. 3.8 
Cr ~ +/TiO~ 3.8 
Co 3 +/TiO, 4.0 
Fe ~ +/TiO: 4.4 
AI ~ ÷/TiO: 4. l 
Mn" +/TiO: 4.0 

tO0 

0 i i i i , 

2 5 0  450  650  8 5 0  X, n m  

Fig. 2. Reflectance spectra of TiOz photocatalysts supported by the sol-get 
technique on glass fibres: , TiO2: - - - .  Cr ~+/TiO2; • - . ,  t,'t / riO: 
(5 mol.% M ~+ : Ti ~+ ). 

radation of phenol (Co --0. ! mM) is very effective in a c ~  
solution, and between pH 2.C and pH | 0.0 only small ch~ges  
in the phenol degradation ra~¢ (evaluated as the formal 
half-time ¢t/2) are observed ~ ¢1,,2 " 10 rain). Similar resuhs 
were reported by O'Shea and Cardona [ 26 | ,  sugges~ng only 
a minor influence of the variation of H30 + and O H -  con- 
centrations on the overall degradatioTl in this pH r~ng¢. 
However, in solution at p H >  I0, phenol degrad~ion is sig- 
nificantly lower ( et/2 > 20 rain), probably du¢ to the hind~ed 
adsorption of phenoxide species on the ncgative|y ch~ged 
Pt°/TiO2 surface. 

3.3. Reflectance spectra 

The presence of metal dopant may also significandy i n k -  
ence the optical properties of the TiO,. photocatalysL grid the 
light absorption of M" +/TiO2 can be shifted into the visible 
region [ 17]. The thermal treatment during TiO2 p t ¢ ~  
by the sol-gel technique determines whether 
(Ahg = 380 rim) or futile (Abe=410 nm) is formed [8,11 ]. 

The reflectance spectrum of TiO_~ supp~.ed on glass fib~res 
by the sol-gel technique (Fig. 2) shows predominantly the 
anatase structure. In addition, the presence of anamse is con- 
firmed by the X-ray powder paRern of Pt/TiO 2 (5 tooL% 
P t :T i  4+) shown in Fig. 7 (see later). Absorp6on in the 
visible region was measured for M "+/TiO,  photoca~lysrLs 
(5 mol.% M "+ :Ti  4+) doped by Fe 3~', Co 3+, Mn -'+ and 
CP ÷. A colour .iaange for these layers was observed 
(Fig. 2). During the preparation of Pt°/TiO2, p|atinum was 
deposited on the TiO2 surface, and the refiectivity of  
photocatalyst was significantly decreased in the 400-8:50 nm 
region ( Fig. 2). 

3.4. Photocalalytic phenol degradation on l~+/TiO: 

The rapid decrease in phenol concentration (co = 0.1 mM) 
during irradiation at 50 °C using TiO2 and Pt°/TiOz (5 tool.% 
Pt ° : Ti 4+ ) photocatalysts is depicted in Figs. 3(a) and3(b).  
During irradiation, the simultaneous formation and decom- 
position of two intermediates, i.¢. hydroquinonc and catechol, 
may be monitored by HPLC (Figs. 3(a) and 3(b)) .  The 
relatively high concen~ation of  hydroquinone observed after 
30 min of irrad;.ation using the Pt°/TiO2 catalyst is 
interesting. 

The dependenc~ of the phenol concentration c on the ~ -  
diation time ti, was fitted (by the non-linear least-squares 
minimization procedure) to an exponential function 

c = A  + B e x p ( - k t i , )  ( I )  

using the program SCIENTIST (MicroMath). Formal first- 
order kinetics were propo~d for phenol decomposition and 
the formal .,'ate constant k was evaluated. From this, the formal 
phenol half-times were calculated. The formal phenol Imlf- 
times were used for a comparison of the efficiency of the 
photocatalytic process on M "+/TiO_,. 
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Fig. 3. Concentration changes during the irradiation o1" a phenol solution 
I co = O. l mM ) at a tumperamre of 50 °C: I a I TiO, phottv,:atalyst: ( b I PI"/ 
Ti02 photocatalyst (5 tool.% Pt": Ti a" ). 

The linear dependence of the formal phenol half-time ~-z/2 
on the initial concentration of phenol cn for TiO2 photocata- 
lysts is illustrated in Fig. 4. Such a kinetic behaviour is char- 
acteristic of the Langmuir-Hinshelwood description of the 
surface photocataiytic reactions in systems with constant oxy.- 

gun concentration [ 7 ] 

In_.2Z K___~_ 
~',/2 - k~k2 + 2k ,k2 ¢ u (2) 

where Kph is the adsorption constant of phenol and k~ and k2 

are the formal experimental constants including the influence 
of the experimental arrangement and oxygen concentration 
171. 

Analogous linear dependences to lhose shown in Fig. 4 
were also evaluated for Li +/TiO2, z~n 2+/TiO2 and Cd z+ / 
TiO_, photocatalysts (5 mol.% M "+ : Ti 4+ ). The calculated 

parameters of the lines obtained (intercept, slope, R 2) are 
summarized in Table 2, together with the values of the phenol 
adsorption constant Kph. Comparing these values with the 
adsorption constant Kph = 4.07 mM-~ reported for phenol 
decomposition in aqueous TiO2 suspension [27] and 
Kp, = 8.9 raM- i for TiO2 P25 particles fixed on glass fibres 
[ 28 ], it can be seen that very good agreement is obtained for 
the TiO2 supported photocatalysts. The relatively high value 
of the adsorption constant obtained for the photocatalyst 
doped with lithium ions (Kph = 27.7 mM-  i ) is remarkable. 

On the other hand, Co 3 +/'l'iO2, Cr  ~ +/TiO2, Mn 2 +/TiO2 
and Ce-~+/TiO2 photocatalysts (5 mol.% M "+ :Ti 4+ ) are 
photochemically inactive, and a very low activity of phenol 
degradation is observed for AI -~ +/TiO2 and Fe 3 +/TiO2, 
where the formal phenol half-times obtained for the lowest 
initial phenol concentration (co=0.1 mM) are 33 min and 
44 min respectively. 

The effect of individual metal ions on the photocatalytic 
activity of M" +/TiO2 is a complex problem. However, a 
significant decrease in the photocatalytic activity is observed 
for M "+/TiO2 doped with metal ions characterized by ionic 
radii comparable with the ionic radius of Ti 4 + [29], and by 
a more positive redox potential of the M " + / M ' " -  ~ + couple 
[30l than the band edge potential of the TiO2 conduction 
band ( - 0.4 V vs. NHE at pH 7 [ 311 ). 

The characteristics of Cr/TiO2 samples with various Cr 
concentrations were studied by electron paramagnetic reso- 
nance (EPR) spectroscopy, and the formation of large 
agglomerates of Cr203 was confirmed for Cr/TiO2 materials 
doped in the range 3-5 wt.% [32]. Herrmann et al. [ 141 
prepared homodispersed and homogeneously doped n::n- 
porous Ga ~ +/TiO2, Cr  ~ +/Ti02, Sb 5 ~/TiO2 and V ~ */TiO2 
photocatalysts by the flame reactor method. All samples 
exhibited smaller photocatalytic activities than pure TiO2 of 
a similar texture, and the strongest inhibitory effect was 

36 

t-- @ 
24 

12 

oOo ' , O 0.20 0.40 0.00 
Co, I ~ M  

Fig. 4. Dependence of the formal phenol half-time on the initial phenol 
concentration for the photocatalytic degradation (temperature, 50 °C) on 
TiO2 supported by the sol-gel technique on glass libres. 
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Table 2 
Calculated parameters for the linear dependence of the formal phenol half-time on the initial concentration of phenol, and values of the phenol adsorption 
constant (dopant concentration. 5 mol.q: M" ~ : Ti* " ; photncatalytic experiments were carried out at 50 °C) 

Photocatalyst ~',/2 = ( In 2) / (ktk2) + [ Kp,/(2k,k:) Ic,, 

(In 2)l(k~k2) (min) Krhl(2k~k 2) (min mM- ~) R z g~, (mM -=) 

TiO_, 8.8 37.2 0.998 5.9 
Li */TiO,. 2.7 53.9 0.998 27.7 
Zn 2 +/TiO~ 6.8 44.5 0.997 9.1 
Cd: +/TiO2 18.3 34.6 0.999 2.6 

observed Cor C r  ~+/TiO2. The detrimental  effect of  doping 
was explained by the fact that trivalent and pentavalent  ions 
behave as recombination centres of  the photoproduced charge 
carders  [ 14l. The Fe 3+ ion concentrat ion is dominant  for 
Fe 3 +/TiO2 materials [ 15,17, i 8 ]. Fe 3 +/TiO2 samples con- 

. ~+ 
t a i n i n g v a n o u s a m o u n t s o f F e -  (O.2-10wt .%)  were applied 
to the photocatalytic oxidation of  nitrite; the most  photoactive 
sample was found to contain 0.5 wt.% Fe 3+ [ 18]. Similar 
results were obtained by Soria et al. [ 151 and Palmisano et 
al. [ 17] for TiO2 samples doped with Fe 3+. For the more 
highly doped materials ( iron concentrat ion higher  than O. 1% 
[ 171 or 0.5% [ 181 ), the photoreactivity is negatively influ- 
enced by the presence of  iron ions, probably due to a decrease 
in the density of  surface-active centres. 

We propose that the low photoactivity of  the prepared 
Co ~ +/TiO2, C r  a +/TiO2, Mn 2 +/TiO2,  Ce 3 +/TiO2, AI 3 + / 
TiO2 and Fe 3+/TiO2 photocatalysts (5 ntoi.% M "+ : Ti 4+ ) 
can be explained as discussed in Refs. [ 14-18] .  

3.5. Photocatalytic activit3' o f  Pt°/Ti02 with various dopant 
concentrations 

Doped Pt°/TiO2 photocatalysts with platinum concentra- 
lions of  0.5, 1.25, 2.5, 3.75 and 5 mol.% Pt ° : Ti 4+ were 
synthesized by the sol-gel  technique on glass fibres. The 
effective decrease in phenol concentrat ion during irradiation 
in the presence of  the Pt°/TiO2 photocatalyst (3.75 mol.% 
Pt ° : Ti 4 + ), in systems with increasing initial phenol concen- 
tration, is shown in Fig. 5. However,  as noted above 
( Fig. 3 ( b )  ), the decomposit ion of  the intermediates is slower 
than for dopant-free TiO2 layers ( Fig. 3 ( a )  ). The set of  UV 
spectra obtained during irradiation in the p r e ~ n c e  of  the Pt°/  
TiO2 photocatalyst (3.7:3 mol.% pin:  Ti * ; c o = 0 . 3  m M )  
clearly illustrates the formation of  intemtediates during 30 
min of  irradiation ( Fig. 6) .  Consequently,  longer irradiation 
times are necessary for the total mineralization of  phenol 
using Pt°/TiO2 photocatalysts. In an effort to obtain infor- 
mation on the oxidation states of  platinum in the prepared 
Pt/TiO2 photocatalysts, the X-ray powder  diffraction patterns 
were measured for a sample with a platinum concentrat ion of  
5 mol.% Pt : Ti 4+. The measured results were analysed by 
comparing the X-ray powder  diffraction patterns with data 
published in the Powder Diffraction Files (PDFs)  with the 
following numbers:  Pt 4-802; Pt304 21-1284; PrO 27-1331; 

0.6 

0.4 

0.2 

0.0 
o 2o 40 tiT, r a i n  ,o  

Fig. 5. Decrease in phenol concentration during in'adiation at 50 °C in the 
presence of a Pt°/TiO2 photocatalyst (3.75 mol.% Pt ° : TP ~ ) in systere~ 
with various initial phenol concentrations co: II, 0.5 raM; 0.  0.4 raM; A, 
0.3 mM; rq, 0.2 raM; O. O. I mm. 

=J, 

A b s  

0 . 5 -  

O.O i 
200  250  30O 

Fig. 6. Changes in the UV spectra observed during photocatalytic phenol 
decomposition on Pt°/TiO2 (3.75 tool.% Pt° :Ti 4+ ) (co=0.3 raM; tem- 
perature, 50 °C). Itrvaliation time: 0, 5,10, 15, 20, 25, 30 and 45 rain. 

PrO2 23-1306; PtTi 23-13i0 ;  PtCl 4 19-914; TiO2 (anatase)  
21-1292; TiO2 (ruffle) 21-1276. Our  data (Fig. 7)  confirm 
the formation of  the anatase structure during the preparation 
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Fig. 7. X-Ray powder diffraction pattern of PI/TiO2 photocatalyst supported 
by the sol-gel technique on glass fibres {5 tool.% Pt : Ti 4÷ ) with marked 
lines for anatase A ( ). PRO_, ( - - - )  and Pf' ( - - -). Conditions: step. 
0.04 ° 20;. time of step, 15 s. Asterisk represents the signal of the carrier 
material. 

o f  a TiO_, layer on glass fibre, and show unambiguously the 
presence of  Pt ° in the sample. Signals representing platinum 
in the higher oxidation states were not found. 

The  positive role of  platinum [ 14,16,19,33] and o fPd ,  lr, 
Rh, Os and R u [  16,19,34] loading on TiO2 in the photoca- 
talytic decomposit ion of  organic compounds  has been 
d~,'~cribed previously. Kaise et al. [19] reported, for Pln/ 
TiO, .  an optimal Ioadiag of  metal in the range 0.5-1.5 m m o l  

M "+ : TiO:  for effective radical formation. Herrmann et al. 
[ 14] obtained a hyperbolic decrease in the reaction rate with 
increasing Pt ° loading on TiO:,  and the experimental  results 
were interpreted by the tra, lsfer of  photoelectrons from the 
semiconductor  to the metal particles, and by the decrease in 
the amount  of  oxygen photoadsorbed on TiO2 as a negatively 
charged species with increasing Pt ° content. The role of  the 
number  and size of  Pt clusters on TiO., has also been discussed 
by Gefischer  and coworkers [ 35,36] and Sadeghi et al. [ 37 ]. 

The dependence of  the formal phenol half-t ime on the 
initial phenol concentrat ion is non-l inear for Pt°/TiO2 pho- 
tocatalysts, as depicted in Fig. 8. Consequently,  the kinetic 
equation (Eq.  ( 2 ) )  is not valid for Pt°/TiO.,, and plat inum 
is probably included in the oxygen reactions on the TiO,  
surface as proposed in Refs. [ 14,35-38].  

In addition, in our  experiments,  the concentrat ion of  Pt ° 
substantially influences the photoactivity of  Pt° /TiO, ;  the 
best properties were obtained for a platinum content of  
1.25 tool.% Pt ° : T P  4. Concentrat ions of  Pt ° of  more than 
5 mol.% Pt ° : Ti ~÷ have a detrimental  effect on the photo- 
catalyst activity. 

4 .  Conc lus ions  

The  presence of  metals, such as Li 4 , Zn  -'4 , Cd 2+ , Pt n, 
Co 3+ , Ce 3+. Cr 3+, Mn 2+ , A! 3+ and Fe 3+, may significantly 
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Fig. 8. Dependence of the formal phenol haft-time on the inRia[ phenol 
concentration for the photneatalytic degradation (temperature, 50 °C) on 
Pt"/TiO2 photo, catalysts at various lh" concentrations ( mol.% Pt ° : Ti 4 + ). 

change the photoactivity of  a TiO2 layer prepared on glass 
fibre by the sol-gel  technique. The prepared dopant-free TiO2 
photocatalyst is very effective in the reaction of  phenol 
decomposition, and a l inear dependence of  the formal phenol 
half-time on the initial concentrat ion of  phenol in solution is 
found. An analogous linear dependence ( f rom which the 
corresponding phenol adsorption constants  were calculated 
and compared)  is also obtained for Li 4/TiO,. ,  Zn 2 +/TiO2 
and Cd 24 /TiO2 photocatalysts.  

The photoactivity is dependent  on the dopant  concentrat ion 
for ptu/TiO2 materials with a plat inum content  in the range 
0 .5-5.0  mol.% Pt ° : T P  4. In our experiments,  the best results 
were obtained for a Pt°/TiO2 photocatalyst with i .25 tool.% 
Pt ° : TJ 4 +. However,  the degradation of  hydroquinone,  pro- 
duced as an intermediate,  is s lower than for dopant-free TiO2 
photocatalyst.  Consequently,  longer irradiation times are nec- 
essary for the total mineralization of phenol using Pt°/TiO2 
photocatalysts. 

The presence of  Co 3 +, Ce ~ 4 Cr~ 4, Mn 2 +, AI3 4 and Fe 3 4 
ions (5 tool.% M "4 : Ti 44 ) in the TiO2 layer supported on 
glass fibres by the sol-gel  technique has a detrimental  effect 
on the photoactivity. 
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