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ABSTRACT

The photocatalytic activity of TiO, immobilized on three different metal substrates (stainless steel, copper
and titanium) has been investigated using dichloroacetic (DCA) and oxalic acid (OA) as model compounds.
The TiO, immobilization was realized by a novel process of Cold Spraying. The photocatalytic degradation
experiments were performed in two cycles on every TiO,-coated metal substrate following two method-
ologies: (a) the same acid, i.e., OA or DCA, was degraded in the first and in the second cycle, and (b) one
acid was used in the first cycle and the other acid in the second.

OA was found to be more efficiently photocatalytically degraded than DCA; moreover, OA helps for
the regeneration of the surface when employed after DCA. The use of copper as a substrate material was
found to be photochemically active releasing basic species to the aqueous solution. Stainless steel and
titanium are therefore less interfering choices to carry out mechanistic studies or, eventually, for envi-
ronmental applications. The photonic efficiencies of the TiO, particles immobilized on the three different
metallic supports were compared to those found for TiO; in an aqueous suspension. From the viewpoint
of the amount of the employed photocatalyst, the TiO,-coated metal substrates are significantly more
efficient for the degradation of OA than a highly efficient TiO, suspension (Evonik P25), which content
of nanoparticulate photocatalyst was enormously higher. Furthermore, OA and DCA can be completely

mineralized at the supported catalyst.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Heterogeneous photocatalysis has attained great interest in
recent years due to its promising approach for environmental
remediation, and other applications [1-6]. Due to the rapid indus-
trial development the importance for efficient and eco-friendly
decomposition and mineralization of the organic contaminants in
wastewater and air has grown exponentially [7]. Ultimately, many
researchers centered on advanced oxidation processes (AOPs),
which allow the complete oxidation of organic compounds to
harmless products such as carbon dioxide and water [8-10].

TiO,-based photocatalysis has been shown to be one of the most
important advanced oxidation processes especially as promising
technology for air and water purification treatment [11-13]. TiO,
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isawide band semiconductor (band gap 3.2 eV for anatase) [ 12-14],
chemically and photochemically stable, non toxic, inexpensive,
largely available, has strong oxidizing power and high photo-
catalytic activity [15,16]. The photocatalytic process involves, as
primary and initial step, the generation of an electron-hole pair
in the TiO, semiconductor particle by the irradiation with light of
wavelength equal or greater energy than the band gap [17]. These
charge carriers can recombine or participate in red-ox reactions at
the particle-solution interface [18]. Valance band holes and con-
duction band electrons become, therefore, in strongly oxidizing
and reducing species, respectively [ 19]. Consequently, the semicon-
ductor particles act as electron donors and electron acceptors for
molecules in the surrounding medium. For instance, the reaction
of the photogenerated holes with water molecules and hydroxyl
ions adsorbed on the surface of TiO, leads to the formation of
hydroxyl radicals (-OH), capable of mineralizing a wide range of
organic pollutants at ambient temperature and pressure [20-23].
TiO,-based photocatalysts are very versatile and can be uti-
lized either suspended in aqueous solutions or immobilized on a
supporting solid substrate [18]. Most studies have reported that
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suspension reactors are more efficient due to the high surface area
available for red-ox reactions [18] However, the use of an aque-
ous suspension of fine powdered TiO, requires a post-treatment
removal of the TiO, particles, which can be a time consuming and
a costly process [24]. Recently an interesting method has been
suggested which promises more feasible separation of suspended
photocatalyst powders [25].

Since 1993 the idea of an immobilized photocatalyst on an inert
support has gained much attention due to the possibility of reduc-
ing costs in phase separation processes [22,26]. In addition, the
amount of photocatalysts employed in such immobilization design
is considerably low as compared to the approach of using aque-
ous suspensions. And the fact that a lower amount of photocatalyst
is necessary is of economical interest. The immobilization of TiO,
has been achieved on a variety of supports, such as glass, silica gel,
metal, ceramics, polymer, thin films, activated carbon and others
[27,28].

In the present work the three different metal substrate types,
stainless steel, copper and titanium have been coated with
nanoparticulate TiO, using the Cold Spraying technique. Cold
Spraying is a relatively new thermal spray process, which allows
producing coatings without significant heating of the feedstock
powder [29,30]. Therefore it is possible to avoid the phase transfor-
mation from anatase to rutile in Cold Spraying and thus preserve
the photocatalytic active anatase phase [31]. In contrast to con-
ventional thermal spray techniques, the gas temperatures are low
enough and the exposure time to the hot gas stream is short enough
to avoid melting of the particles [29]. As Cold Spraying has become
in the last years an established industrial spray process, the produc-
tion of large scale active surfaces on metallic supportsis a promising
challenge to carry out. Furthermore, this process allows the uti-
lization of metal supports with relatively low weight for example
aluminum. Hence the overall weight of a system thus will not
exceed that of those photocatalysts fixed on glass supports.

The advantages of using metals as substrates respond to the
facts that (a) few authors have investigated the impact phenomena
and layer formation process for spraying brittle ceramic materi-
als on ductile metal surfaces, (b) Cold Spraying has proven to have
minimum thermal influences, thus structures and properties of the
powder feedstock can be retained, and (c) by Cold Spraying, com-
paratively thin layers of ceramics can build up on metal substrates,
which are sufficient for a number of multiple applications.

Thus, since this technique can be easily applied on ductile mate-
rials such as metals, it appeared to be an excellent choice to produce
innovative photocatalytic surfaces which properties reveal inter-
esting features. The photocatalytic activity of the three different
metal substrates coated with nanoparticles of TiO, has been inves-
tigated using dichloroacetic (DCA) and oxalic acid (OA) as model
compounds. The resulting photocatalytic activities are compared
to that of the commonly used TiO, suspension prepared with the
highly active photocatalytic commercial powder P25 from Evonik.

2. Experimental procedures

All chemicals were of analytical grade and used as received
without further purification. All solutions were prepared with
deionized water from a Sartorius Arium 611 apparatus (resis-
tance=18.2MQ cm1).

2.1. Coating preparation

Cold Spraying was performed with the HSU CGT Kinetiks 8000
prototype by using nitrogen as process gas with standard nozzle
of type 24 WC-Co and powder feeder PF4000 from CGT, Ampfing,
Germany. The powder feed rate was kept constant at 0.22 g/s, and

the traverse speed of the spray gun was also maintained constant
at 320 mm/s. The process parameters for Cold Spraying the TiO,
coatings were set to a gas temperature of 800 °C and a gas pressure
of 4 MPa. Substrates were fixed at a stand-off distance of 60 mm.
The cold sprayed TiO, coatings have been obtained after one spray
pass.

The sprayed material was TiO, TS40 from Hombikat, Sachtleben
Chemie GmbH, Germany. TiO, TS40 consists of anatase with
15-20 nm average particle size and a surface area of ca. 50 m2/g
(according to the Brunauer-Emmett-Teller (BET) method). The
amount of deposited TiO, on each metal substrate was around
20g/m2. The thickness of the films prepared by Cold Spraying was
not uniform varying between 5 and 6 wm, with a maximum at
around 10 pwm [29].

2.2. Photocatalytic tests

The photocatalytic degradation tests of both, DCA and OA, were
carried out in a glass reactor, equipped with a cooling jacket, and
under vigorous stirring (Fig. 1). The glass reactor was connected
to a semi-micro pH-electrode combined with an Ag/AgCl reference
electrode (Thermo-Orion Ross 8115). A pH static technique was
employed for the kinetic measurements. The details of which have
previously been described in detail elsewhere [32]. The automatic
dosing unit was a Basic Titrino 794 from Metrohm. The irradia-
tion unit consisted of a Xe arc lamp CSX 450 W (Phillips) and a
lamp house LAX 1450 with a power supply SVX 1450 from Miiller
Elektronik-Optik. A 10 cm IR blocking filter was placed between the
reactor glass window and the lamp to protect the reaction solution
from overheat associated to the irradiation. The temperature was
kept constant at 25°C during the entire experiment by means of
a thermostatic bath from Julabo Company. An oxygen purge was
used for all experiments.

The TiO, coated metal substrates were immersed into the reac-
tor containing DCA or OA solutions. All solutions were prepared
in 10 mM KNOs3 to maintain the ionic strength close to a constant
value. The initial concentrations of DCA and OA were 1 mM and
2 mM, respectively. The pH of the solution was adjusted to 3.0 for
DCA and 3.7 for OA. This pH values have been carefully selected to
enable the comparison with previously published data concerning
the photocatalytic degradation of these model compounds [33,34].
Due to the pH static technique employed in this work, the amount
of base or acid added to the system to keep the pH constant was
computed to assess the respective amounts of DCA or OA photo-
catalytically degraded. All the dry metal substrates were previously
UV(A)irradiated for 3 days on a horizontal bench at ambient condi-
tions to mineralize residual organic matter adsorbed at the surface
[35].

The photocatalytic degradation experiments were performed on
cold sprayed metal substrates consisting of TiO,-coated stainless
steel, copper, or titanium substrates, in two consecutive cycles for
the mineralization of OA and DCA following two methodologies:
(a) the same acid, i.e., OA or DCA, was degraded in the first and
in the second cycle, and (b) one acid was used in the first cycle
and the other acid in the second. Thus, each metal substrate was
employed twice in the two consecutive cycles. After the first pho-
tocatalytic test using either OA or DCA, the metal substrate was
thoroughly washed with deionized water, dried under a soft air
current, and UV(A) irradiated for 24 h on the horizontal bench at
ambient conditions.

The photocatalytic test employing a TiO, suspension has been
performed in the same reactor and experimental set-up as shown
inFig. 1. The photocatalyst was TiO, P25 from Evonik. TiO, P25 con-
sists of anatase and rutile in a proportion of approximately 80 and
20% respectively, with 25-50 nm average particle size and a sur-
face area of ca. 50 m2/g (according to the Brunauer-Emmett-Teller
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Fig. 1. Scheme of the experimental set-up used for the photocatalytic degradation experiments. A glass reactor with a double jacket for thermal control.

method). The reactor was filled with 230 ml of a suspension 2.5g
TiO,/1 in 10 mM KNO3 and 2 mM OA. The suspension was allowed
to reach adsorption equilibrium in the dark for 24 h under vigor-
ous stirring. The pH was adjusted to 3.7 and the suspension was
stirred for further 40 min to ensure equilibrium previous to the
photocatalytic reaction.

In the case of the TiO, coated metal substrates an aliquot of
1 ml was withdrawn every 30 min to monitor the DCA or OA con-
centration, as well as those of other anions such as chloride. The
quantification was performed by means of high performance ionic
chromatography (HPIC). In the case of the suspension an aliquot of
1 ml was withdrawn every 10 min.

The chromatograph was a DIONEX ICS-1000 with a conductivity
detector and an electro-regenerator-suppressor. The column was
anlonPac AS9-HC 2 x 250 mm and the guard column was an Ion Pac
AG9-HC 2 x 50 mm from DIONEX. The eluent was an alkaline solu-
tion of 8 x 103 mol/l Na,CO3 and 1.5 x 10~3 mol/l NaHCO3. The
temperature of the detector conductivity cell was kept constant
at35°C.

The photocatalytic activity of three different cold sprayed TiO,-
coated metal substrates, e.g., stainless steel, copper and titanium,
has beeninvestigated using DCA and OA as model compounds. They
were compared to the photocatalytic activity of a TiO, suspen-
sion prepared with the commonly used highly active photocatalytic
commercial powder P25 from Evonik [36].

In aqueous solution OA (H,C,04) and DCA (HC;HCI,0,) depro-
tonate giving rise to three and two species, respectively. Table 1
lists the nomenclature used in the present work for the five species.
For instance, in the case of OA at pH 3.7 the test solution contains
species B and C while in the case of DCA at pH 3 species E.

The photocatalytic degradation of OA was studied at pH 3.7. The
three species A, B and C degrade upon photocatalysis according to
Egs. (1)-(3), respectively.

hv, TiO

H2C204+1/202 —>22C02+H20 (])
HC,04~ +1/20,™1922¢0, 4+ OH- )

Table 1

Nomenclature for the different species present in the photocatalytic systems. The
pKa constants at 25 °C and low ionic strength are 1.25 and 4.27 for OA, and 1.29 for
DCA [35].

Species Nomenclature
H2C204 A
HC2047 B
C20427 C
HC,HCL, 0, D
CzHC12027 E

C,04~ +1/20, + H,0""222¢0, 4+ 20H~ (3)

The generation of OH~ ions makes possible the monitoring of
the photocatalytic degradation of species B and C using a pH static
technique. The number of moles of H* (addition of HNO3 ) necessary
to neutralize all OH™ produced is computed and stoichiometrically
assigned to the number of moles of species B or C degraded. The
concentration of all species present in the system at any time is
therefore calculated as the difference between their corresponding
initial and degraded concentrations.

The photocatalytic degradation of DCA was studied at pH 3.0.
Both species D and E degrade upon photocatalysis according to Eqs.
(4) and (5), respectively.

hv, TiO:

HC2HC1202 + 0y — 22C02 + 2HT + 20 (4)
C,HCL0,~ +0,™%22c0, + H + 201 (5)

Due to the very low concentration of species D in the system
at the working pH, only species E was taken into account, and
analogously to OA, the DCA concentration present at any time was
calculated by neutralizing the H* generated upon the course of the
photocatalytic reaction (addition of KOH).

Photonic efficiencies ¢ have been calculated for all investigated
samples as well as for the TiO, suspension using Eqs. (6) and (7).

‘= degradation rate [mol/s]  V-Ac 6)
" photon flux [molhv/s] ~ Iy-A- At
I-X
b=§re 7

where V is the volume of the glass reactor, Ac/At the degradation
rate, A the illuminated area (8.04 cm?2), I the photon flux, I is the
light intensity, A is 365 nm, N, is Avogadro’s constant, h is Planck’s
constant and c is the velocity of light.

Additionally to the pH static technique, an independent mea-
surement of the OA and DCA present in the system was done by
means of high performance ionic chromatography (HPIC). Aliquots
of 1 ml were withdrawn from the solutions in contact to the photo-
catalytic samples every 30 min. In the case of DCA the concentration
of chloride ions was as well quantified by this analytical technique.

3. Results and discussion

Fig. 2 shows the photocatalytic degradation of OA and DCA at
the three different cold sprayed TiO,-coated metal substrates.

Table 2 summarizes the calculated photonic efficiencies for all
species at different cycles.

The photonic efficiency of all TiO,-coated metal substrates
in contact to the same acid tends to be lower in a second
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Fig. 2. The photocatalytic degradation of OA (on the left) and DCA (on the right) at different TiO,-coated substrates, from top to bottom: stainless steel, copper and titanium
(first cycle). The initial oxalic acid concentration was 2 mM in 10 mM KNOs at pH 3.7. Oxalic acid concentration measured by means of a pH-static technique: (OJ) species
(B+C), (O) species B and (2) species C. (®) Oxalic acid concentration in the solution measured by HPIC. The initial DCA concentration was 1 mM in 10 mM KNOs at pH 3.0.
(O) DCA concentration measured by means of a pH-static technique. (®) DCA and (O) chloride concentrations in the solution measured by HPIC.

photocatalytic degradation cycle. It must be noted that after the
first cycle all metal substrates showed a dark grayish color where
the UV(A) light beam impacted. This may be indicative of a loss of
photocatalytic material affecting the capability of the surface for
degrading OA and DCA.

The photonic efficiencies for both, OA and DCA, calculated from
the concentrations measured by means of the pH static technique
are higher than those from the concentrations measured by ionic
chromatography. This is consistent with the fact that both tech-
niques sense different set of species present in the systems. While
the pH static technique is able to monitor all changes arising either
from dissolved or from adsorbed species, the chromatographic
method only accounts for those present in the liquid bulk solution,
i.e. dissolved species.

Table 2 reveals some interesting points regarding the photonic
efficiency for DCA in a second photocatalytic degradation cycle.
It appears to be dependent on which acid had been employed in
the first cycle. For instance, for the case of TiO,-coated stainless
steel substrates it is 1.23% or 1.48% if DCA or OA is used first,

respectively. Analogously, for TiO,-coated titanium substrates, it is
found to be 0.98% or 1.61%. Furthermore, if DCA is used in a second
cycle on TiO,-coated stainless steel after OA (1.48%), the photonic
efficiency is rather similar to the one obtained using DCA in the first
cycle (1.50%). This may indicate that, despite OA adsorbs strongly,
its photocatalytic degradation products do not remain at the surface
thus no active sites are thereafter blocked for further degradation
of DCA. Another explanation for the decreased photocatalytic activ-
ity would be a partial release of TiO, from the metal substrate to
the solution which, however, such a phenomenon is unlikely since
TiO, layers prepared by drying a suspension on a substrate at room
temperature, i.e., the adherence of the particles to the surface is
much lower than that of the TiO, particles on these metallic sub-
strates, are stable for longer periods of time even when they are
exposed to a continuous flow of an aqueous solution [37]. Whereas
the photocatalytic degradation of DCA either yields adsorbed prod-
ucts, such as chloride ions, which block active sites, or promotes
the buildup of a polymeric adsorption structure which remains
so strongly adsorbed that cannot be removed in the subsequent
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Table 2

Photonic efficiencies (in %) calculated using OA or DCA concentrations measured
by pH static techniques, or by high performance ionic chromatograph; and using
chloride concentrations for the photocatalytic degradation of OA and DCA at the
different TiO,-coated substrates after one or two cycles.

Substrate Cycle Photonic efficiency, ¢ (%)
OA DCA
pH-static HPIC pH-static HPIC (Cl7)
S-Steel 1 3.22 2.28 - - -
2 2.40 2.02 - - -
1 - - 1.50 0.66 1.49
2 - - 1.23 0.65 1.38
1 3.26 2.35 - - -
2 - - 1.48 0.62 1.78
1 - - 1.50 0.79 1.41
2 2.40 1.82 - - -
Copper 1 3.70 2.62 - - -
2 3.12 2.28 - - -
1 3.61 2.81 - - -
2 - - 0 0.99 2.09
1 - - 0 1.03 1.71
2 3.19 1.94 - - -
Titanium 1 2.56 1.62 - - -
2 2.03 1.68 - - -
1 - - 1.42 0.68 1.24
2 - - 0.98 0.49 0.99
1 2.56 1.68 - - -
2 - - 1.61 0.54 1.45
1 - - 1.43 0.68 1.24
2 235 1.44 - - -

cleaning process for the preparation of the second photocatalytic
cycle. Similar observations have been reported previously for
anions such as ClI-, SO42~, and PO,43~, respectively [33]. Such a sit-
uation can be more evinced in the case of TiO,-coated titanium
substrates where the photonic efficiency for DCA after the photo-
catalytic degradation of OA is higher than that obtained when using
DCA in the first cycle, i.e., 1.61% and 1.42-1.43%, respectively.

Contrary to the case of DCA, the photocatalytic degradation of
OA in a second cycle does not appear to depend on the acid pre-
viously used. For instance, the photonic efficiencies for OA in the
case of TiO,-coated stainless steel substrates after the photocat-
alytic degradation of either OA or DCA are, in both cases, 2.40%.
A possible explanation can be that due to the strong inner sphere
adsorption of OA, any species remaining at the active sites upon the
photocatalytic degradation of DCA can be easily replaced. Further-
more, the species produced upon photocatalytic reaction of OA can
easily desorb leaving the active sites free for further adsorption and
subsequent reaction. Experimental evidence for similar adsorption
replacements were reported by Weisz and co-authors [38]. Thus,
OA s suggested to play an important role in the regeneration of the
photocatalytic surface.

The lower photonic efficiencies for either DCA or OA in a second
cycle, as compared to those corresponding to the first cycle can be
attributed to a very small loss of TiO,, as pointed above, thereby
affecting the sample’s capability of photocatalytic degradation.

The pH static technique was not possible to apply to monitor
the DCA photocatalytic degradation on the TiO,-coated copper sub-
strates. During this reaction almost no base (KOH) was consumed
for the neutralization of the generated H* ions (see Fig. 2 DCA@Cu).
The TiO,-coated copper substrates are not photochemically inert.
Basic species are produced under UV(A) irradiation, and can be neu-
tralized by addition of acid (Fig. 3). These basic species are likely
to be involved in capturing the H* produced upon the DCA pho-
tocatalytic degradation, thus disabling the pH static technique for
the quantification of the corresponding concentrations. However
the photocatalytic degradation of DCA could be estimated from the

0,8+
0,64
‘E 04
>
0,24
0,0 T T T T T T
40 80 120 160 200 240
t/ min

Fig. 3. The consumption of HNO3; 0.42M by a TiO,-coated copper substrate
immersed in water (OA and DCA free solution) at pH 3.70 under UV(A) irradiation.

concentrations measured by high performance ionic chromatog-
raphy. Similar values for the photonic efficiency of DCA when it
was used in a first cycle or in a second cycle after OA were found,
i.e.,, 1.03 and 0.99%, respectively. Despite the fact that these type
of metal substrates, i.e., TiO,-coated copper substrates, do show
a non-negligible photocatalytic activity, its use for environmental
applications imply the production of the basic species (the unre-
vealing of their nature demands an investigation beyond the scope
of this work), that may interfere in the system and play a key role
for the exact interpretation of the results. The use of stainless steel
or titanium as a support material is therefore a better choice than
copper. It must be remarked that not only in the case of copper,
thorough the clear evidence of the production of these basic species,
but in the cases of stainless steel and titanium there also exist a
participation of both metal substrates in the photocatalytic reac-
tion. Although their contribution is not as evident as in the case of
copper, they are expected to very likely play a role. Electrochem-
ical and photoelectrochemical measurements are currently being
carried out to explore such interactions.

From Fig. 2 a rough calculation was made and it was found that
the photocatalytic degradation of 1 mole of DCA yields approxi-
mately 2 moles of chloride ions. This is in agreement with Eq. (5)
and it supports the assumption that at the working pH the concen-
tration of the protoned species D is sufficiently low to be neglected.
Such observations were as well reported by Bahnemann and co-
authors [39]. It must be noted that at the low working pH (3.0) the
TiO, surface is positively charged and electrostatic adsorption of
anions such as chloride can be favored, blocking therefore active
sites for the photocatalytic degradation of other species in the sys-
tem.

The photonic efficiencies for DCA calculated from DCA and chlo-
ride concentrations follow a similar trend and reflect a consistent
photocatalytic degradation mechanism (Eq. (5)).

As pointed out above, the photonic efficiencies calculated from
the data obtained by the pH static technique are higher than
those calculated by ionic chromatography. The pH static tech-
nique accounts for all species present in the system which are
photocatalytically degraded, i.e., adsorbed and dissolved species.
Although the difference is not large (Table 2), it can be perfectly
assessed experimentally, and should not be neglected or underes-
timated. These measurements support the fact that narrowing the
study of a photocatalytic reaction species to the solely monitoring
of dissolved species, even employing highly sensitive techniques
such as chromatographic methods, will surely yield to a wrong or
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Fig. 4. The photocatalytic degradation of OA by a TiO, suspension (Evonik P25)
with a photocatalyst concentration of 2.5 g/I. The initial OA concentration was 2 mM
in 10 mM KNOs; at pH 3.7. Oxalic acid concentration measured by means of a pH-
static technique: (OJ) species (B +C), (O) species B and (A) species C. (®) Oxalic acid
concentration in the solution measured by HPIC.

incomplete result. For the case of both model compounds employed
in this work, OA and DCA, the pH static technique is the method of
choice for a thorough study of the systems.

Additionally, based on the results of Table 2, the metal substrates
perform more efficiently degrading OA than DCA. OA appears as a
better choice for a comparative study of samples with high photo-
catalytic activity.

Fig. 4 shows the photocatalytic degradation of OA by a TiO,
suspension (Evonik P25) and performed in the same conditions as
in the case of the TiO,-coated metal substrates. Table 3 lists the
corresponding photonic efficiencies from the pH static and chro-
matographic techniques.

The photocatalytic degradation of OA at the TiO, suspended par-
ticles shows a linear decrease in the concentration within the initial
50 min. After this period of time the concentration of species B and
Creach aplateau and remain constant. It is therefore suggested that
an amount of OA cannot be photocatalytically degraded, remaining
approximately 0.5 mmol/lin the system (estimated from Fig. 4). The
data obtained by means of ionic chromatography show that after a
reaction time of 80 min the OA concentration is close to zero (see
Fig. 4). Such a complimentary information thus supports that a big
portion of the total initial amount of OA is adsorbed at the particles,
in agreement with adsorption isotherms measured for the same
system (results not shown), and that the photocatalytic reaction
very likely mostly involves adsorbed OA species [40].

Comparison of Fig. 4 to Fig. 2 evinces the important role of the
adsorbed species since the exposed surface area is considerably
higher in the system with suspended particles (25-28 m?) than
in the one where they are immobilized on the metal substrates
(1.2-1.9 m2). While the photonic efficiency of the TiO, suspension
is higher than that of the TiO,-coated substrates, i.e. 7.17% and val-
ues around 3%, respectively, the later ones ensure the complete
photocatalytic degradation of the model compound (no plateau is

Table 3

Photonic efficiencies (in %) calculated using OA concentrations measured by the pH
static technique and high performance ionic chromatography for the photocatalytic
degradation of OA by a P25 TiO, suspension.

TiO, suspension Photonic efficiency, ¢ (%)

pH-static HPIC
Evonik P25 7.17 4.15

observed neither for OA nor DCA on different TiO,-coated metal
substrates, see Fig. 2).

The system P25 and DCA has been thoroughly studied in our lab-
oratory previously [33]. Typically, photonic efficiencies ¢ =4 (+£1)%
are observed here. Comparison with the values given in Table 2
shows that the Cold Spraying technique employed here leads to
the formation of rather active samples (¢ =1.4%).

An additional advantage of the TiO,-coated substrates is
the considerably lower amounts of TiO, present in the system
(20g/m?2) as compared to the approx. 500mg of TiO, (2.5g/l)
employed in the suspension to photocatalytically degrade the same
OA concentration. The immobilization of the TiO, particles on
metal substrates not only represents a convenient way for pho-
tocatalytic applications, i.e., easier removal of the photocatalytic
material from a liquid phase that has been treated, and highly
portability of devices based on such preparations, but an inter-
esting new challenge to unravel fundamental questions about the
mechanisms of cooperation between the nanoparticulate photo-
catalyst and the metallic support which whom interacts intimately.
A thorough characterization of such photoelectrochemical proper-
ties is the focus of a forthcoming work to shine light on this not yet
understood mechanism.

4. Conclusions

The photocatalytic degradation of the two model compounds,
i.e. OA and DCA, on TiO,-coated metal substrates revealed that OA
can be more efficiently photocatalytically degraded than DCA, and
that OA helps for the regeneration of the surface when employed
after a first cycle with DCA. The use of copper as a substrate
material was found to be photochemically active producing basic
species which are released to the aqueous system. Stainless steel
and titanium appear to be more suitable substrates materials for
photocatalytic environmental applications.

The photonic efficiencies of the immobilized TiO, particles on
the three different metal substrates compared to those found for a
highly active TiO, (Evonik P25) aqueous suspension showed that
the Cold Spraying technique allows a very good electronic inter-
action between the photocatalyst and the metal substrate for an
efficient photocatalytic degradation of simple organic acids such as
OA and DCA.
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