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Abstract It has been recently proved that RuO2 can act as
an effective surface activator of aluminum alloy sacrificial
anodes. TiO2 has the property of stabilizing RuO2 coating
and resisting biofouling on metal surfaces. Hence, a mixed
oxide catalytic coating of TiO2 and RuO2 can enhance the
galvanic performance of aluminum alloy sacrificial anodes
and resists biofouling on the anode surface. In the present
work RuO2–TiO2 mixed oxide was coated on aluminum
alloy sacrificial anodes. The large and uniform porous
nature of the coating was found to facilitate efficient ion
diffusion. The coating was found to persist on the anode
even after 3 months of galvanic exposure. The anode
having an optimum combination of the mixed oxide had
70% TiO2 as the major component in the coating. The
catalytic coating significantly improved the performance of
the anodes to a large extent.

Keywords Corrosion . Aluminum . Sacrificial anode .
Metal oxides . Surface activation . Biofouling

Introduction

Aluminum, due to its high current capacity, is the most
suitable metal for fabricating sacrificial anodes for marine
applications. Aluminum readily forms an impermeable
oxide film on its surface; hence, the inclusion of activators
like In, Zn, Bi, Hg, or Sn is essential for its activation [1].
Various new activators have been investigated. These
internal activators activate aluminum alloy sacrificial
anodes by destructing impermeable alumina film by
surface redox reactions [2]. Direct surface activation of
sacrificial anodes by metal oxides, having the capacity to
exist in various oxidation states of the metal cation, is also
an efficient method for achieving good performance [3–5].

RuO2 coating, made by thermal decomposition of the
precursors such as RuCl3, can persist on aluminum alloy
anode surfaces for long durations and cause the activation
of aluminum through its pores [5].

The activation of aluminum alloy sacrificial anodes by
RuO2 proceeds through the formation of different ionic
clusters by RuO2–Al2O3 interaction. These ionic clusters
diffuse through the pores of RuO2 coating. Surface
activation by RuO2–TiO2 mixed oxide can occur only if
the coating is sufficiently porous for diffusion of the metal
ions. TiO2 acts as a stabilizing agent of RuO2 coating and it
has high electronic interactions with alumina [6] that
normally present on aluminum. The RuO2–TiO2 coating
with 20–50% RuO2 content (which is also normally used in
dimensionally stable anodes) has exceptionally high uni-
form mud-crack-type porosity [7]. The RuO2–TiO2 coat-
ing, with this range of composition, also shows a high
pseudo capacitance value due to the redox reactions of
RuO2. At 400°C, the normal firing temperature of RuCl3
on titanium or Al2O3 substrate, ruthenium penetrates deep
into the bulk of the substrate and accumulates in the near-
surface region [7, 8]. The RuO2 coating on aluminum
substrate almost resembles the characteristics of that on
titanium substrate. In this context, activation of aluminum
and diffusion of ionic clusters through the uniformly
porous RuO2–TiO2 film appears to be feasible.

The penetration of ruthenium content into the bulk of the
substrate and enrichment of TiO2 in the outer layer of
the coating during thermal coating have importance due to
the property of TiO2 to resist biogrowth. Its photoinduced
biocidal effect has been reported in detail [9, 10]. The
photochemical activity of TiO2 can be improved by the
synergistic action of metal oxides like RuO2 [11]. Hence,
the RuO2–TiO2 coating system can be predicted to resist
biogrowth even under daylight.

A steady state potential in the range from −0.900 to
−1.000 V should be established by the sacrificial anodes,
like aluminum alloy anodes, for effective use. The anodic
shift in potential (ennoblement) of the anode due to
biofouling is one of the major problems in this process.
Noncoulombic metal loss due to microbially influenced
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corrosion (MIC) is the second major problem to be
attended for long-term functioning of the sacrificial anodes
in marine environments. The present work has the
objective to develop high-performance aluminum alloy
sacrificial anodes by means of applying RuO2–TiO2 mixed
oxide coating with a view of controlling these two
constrains.

Materials and methods

Anode fabrication

Binary Al+5-wt.% Zn alloy anodes were cast in rectangular
shape with a dimension of 5×3×0.3 cm3 from commer-
cially available pure 99.0% aluminum and 99.5% Zn at a
temperature of around 700±10°C. The surface of the
anodes was polished by using different grades of emery
paper and then degreased. RuCl3.3H2O (Thomas Baker,
India) and TiCl4 (Spectrochem, India) solutions in the
required ratio were prepared in isopropanol. The precursor
was applied on the anode surface, dried, and fired at 400±
10°C in presence of air for 30 min.

Physico-chemical characterization

The surface morphology of the coatings was analyzed by
using scanning electron microscopy (SEM) without any
further treatment of the surface. Surface morphology of the
coating after 6 weeks of galvanic exposure was also
analyzed to assess the stability. Energy dispersive X-ray
(EDAX) analyses of the surface before and after the
galvanic exposure were conducted to evaluate the stability
of the coating on the anode surface. The coating was
scraped from the anode surface and ground well. The
powder so obtained was used to determine the crystalline
characteristics of the metal oxides by X-ray diffraction
(XRD) analysis. CuKa1 radiation was used during XRD
analysis.

Electrochemical characterization

The galvanic performance of the anodes in 3% NaCl and in
sea water was evaluated based on (1) open circuit potential
(OCP) decay measurement, (2) variation of the closed
circuit potential (CCP) with time, (3) variation of the
galvanic current with time, (4) galvanic efficiency, and (5)
self-corrosion. The anodes were coupled with mild steel
cathodes and the couples were immersed in 3% NaCl
solution and in seawater. The sacrificial anodes with and
without galvanic coupling with mild steel cathodes were
fixed on a wooden rack for evaluation of galvanic
performance in a marine environment. All the connections
were insulated and sealed by using M-seal (a commercially
available epoxy compound for sealing). The rack was
immersed in the Arabian Sea adjacent to Valiyathura pier at
Trivandrum. The location of the study was a fixed interior

350 m from the seashore, and the depth of immersion was
5 m from the sea level. The rack was periodically taken out
of the sea after placing it in a large tub containing marine
water. This procedure helped to measure OCP, CCP, and
current without destructing the biofilm. The tub was
removed after immersing the rack again in the sea.

The CCP of the anodes, during protection of the steel
cathode, was measured as a function of time to assess the
capacity of the anodes to provide electrons for cathodic
protection. The mild steel cathodes each had a dimension
of 11×4×0.5 cm3. The anodes were subjected to steady-
state polarization, in 3% NaCl solution, by using a
galvanostat. A platinum grid was used as the counter
electrode during the galvanostatic anodic polarization
studies. All potential values were measured with respect
to a saturated calomel electrode (SCE) with a Luggin
capillary to eliminate IR drop.

The galvanic efficiency of the anodes after 3 months of
exposure in 3% NaCl was determined by using the
formula:

Efficiency ηð Þ ¼ A=Bð Þ � 100; where

A is the actual charge delivered by the anode during the
period of exposure. The current flowing in between the
mild steel cathode and the sacrificial anode was con-
tinuously measured as a function of time, while the couples
were subjected to galvanic exposure for a period of 2
months, by using an ammeter. For this purpose the galvanic
couple was provided with a parallel connection having an
ammeter, and then the original circuit was disconnected
prior to the measurement each time. The measurement did
not affect the continuous galvanic action of the anode. The
value of Awas determined from the plot of current vs time.
The area under the graph is exactly proportional to the
actual charge delivered by the anode. B is the theoretical
charge that would have been delivered by the anode. This
charge is calculated by using Faraday’s law based on the
actual weight loss of the anode due to galvanic exposure.

Biogrowth

The rate of biofouling on the anode surface was monitored
for 8 weeks. After 4 weeks, the biofilm formed on the
anode surface was brushed into distilled water and then
analyzed to detect sulfate-reducing bacteria (SRB), the
organism known as the main cause of MIC. The
composition of the media used was KH2PO4 (0.05 g),
NH4Cl (0.1 g), Na2SO4 (0.45 g), CaCl2.6H2O (6 mg),
MgSO4.6H2O (6 mg), sodium lactate (0.6 g), yeast extract
(0.1 g), FeSO4.7H2O (0.01 g), sodium citrate.2H2O
(0.03 g), and Distilled water (100 mL). The pH ranged
from 7 to 5. The bottles containing the scraped biofilm and
the medium were filled to the brim and closed to exclude
air. Blackening after incubation for 2 weeks, if any, could
indicate the presence of SRB.
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Results and discussion

Preliminary characterization

Morphological change

The main requirements for the effective surface activation
of sacrificial anodes by mixed oxide coating are good
adherence, optimum porosity, and uniform dispersion to
facilitate metal ion diffusion. The optimum concentration of
RuO2 on aluminum alloy sacrificial anode surfaces is
0.175 mg cm−2 [3, 5]. This optimum concentration was
maintained throughout the first stage of the present work,
which was intended to find out the optimum total metal
oxide composition that facilitates large and uniform
porosity. Hence, different amounts of TiO2 were added
with the optimum concentration of RuO2. After fixing the
optimum total oxide composition, a fine-tuning of the metal
oxide ratio was made to study the influence of the metal
oxide composition on the coating morphology and galvanic
performance of the anode.

Figure 1a shows the surface morphology of the RuO2-
coated anode. The anode surface had several uncoated
regions or traces of precipitation. Lower concentrations of
TiO2 (∼10%) with optimum RuO2 led to more uniform pore
distribution (Fig. 1b). The pores and grains are more
uniformly dispersed with defined boundaries. Incorporation
of higher concentrations of TiO2 (>30%) with optimum
RuO2 resulted in reduced porosity (Fig. 1c,d).

Galvanic performance

The reduction in porosity, resulting due to the incorporation
of high percentages of TiO2 along with optimum RuO2,
was found to have a high influence on the galvanic per-
formance of the anodes. Consistent with the previous in-
vestigations [3, 5], the surface activation by 0.175 mg cm−2

RuO2 resulted in higher cathodic OCP (−0.999 V) than that
of the bare anode (−0.952 V). The incorporation of lower
concentrations of TiO2 (up to ∼10%) with optimum RuO2

resulted in a cathodic OCP higher than −0.999 V. However,
a further increase in the TiO2 content (>40%) resulted in
reduced cathodic OCP values. The CCP values were also
found with the same trend during polarization studies. The
anodes with lower amounts of TiO2 with optimum RuO2

exhibited more negative CCP at all current densities. The
measurements were repeated on several samples and the
results were found to be the same. The results are compared
in Table 1. It is evident from the table that the incorporation
of TiO2 above 40% caused a significant reduction in the
galvanic performance of the anodes. The reduced perfor-
mance at higher TiO2 concentrations can be attributed to
the reduced porosity of the film as observed from the SEM
micrographs.

Fig. 1 The SEM photographs
(×500) showing the morpholog-
ical changes of the optimum
(0.175 mg cm−2) RuO2 coating
on Al+5% Zn alloy anode due to
the incorporation of different
percentages of TiO2: a 0%,
b 10%, c 50%, d 70%

Table 1 Comparison of galvan-
ic performance of the anodes as
a function of the addition of
different amounts of TiO2 with
optimum concentration of RuO2
(electrolyte: 3% NaCl,
temperature=30°C)

Percentage of
TiO2 per cm

2
OCP (VSCE) CCP (VSCE) at different

current densities (mA cm−2)
Self corrosion × 10−6

(g cm−2 h−1)
Efficiency
(%)

3 5 10 15

0 −0.999 −0.960 −0.957 −0.915 −0.894 7.2491 80
10 −1.060 −0.995 −0.992 −0.991 −0.990 6.9110 84
50 −0.980 −0.980 −0.973 −0.920 −0.898 8.7000 67
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Optimization of the coating composition

Coating morphology and composition

The results of preliminary studies revealed that a total
oxide content of 0.192 mg cm−2 activates aluminum alloy
anodes without any passivation with maximum efficiency.
Hence, the total oxide concentration of 0.192 mg cm−2 was
kept constant during the subsequent stages, but the
percentage concentration of the individual oxides was
varied from 0 to 100. Coatings containing 25–35% RuO2

had high porosity and good morphology. Figure 2a shows

the surface morphology of the best coating containing 28%
RuO2. One can argue that the observed porous nature of
the coatings might have arisen due to the high vacuum
condition used during the SEM analysis. This porous
nature of the coatings is due to the probability of the
escape of water or other volatile components during the
analysis. In this context, the wet electrodes were photo-
graphed by using an optical microscope to confirm the
actual existence of the observed morphology. Figure 2b
shows an optical photograph of the optimum mixed oxide
coating. The cracked structure is also visible from the
optical photographs.

Fig. 2 The surface morphology
of the optimum RuO2–TiO2-
coated Al+5% Zn alloy anode
before and after galvanic expo-
sure: a SEM of the coating
before exposure, b optical
photograph of the coating before
exposure, c and d SEM of the
coating at two different magni-
fications after exposure

Fig. 3 The XRD pattern of the
RuO2–TiO2 coating on the Al+
5% Zn alloy sacrificial anode.
CuKa1 radiation was used for
analysis
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From a practical point of view, oxide-supported oxide
catalysts are extremely complex [12]. TiO2 is a catalyst
support as well as a stabilizing agent of RuO2. Hence, their
interaction normally results in solid solution [13–15]. The
formation of RuTiOx

+ cluster ions (x=0, 1, 2) due to the
interaction between RuO2 and TiO2 has been reported
based on secondary ion mass spectrometry study [16]. The
solvents used in the coating process also have interactions
with the metal ions [17]. The rate of the aforesaid reactions
and decomposition of the precursor mixtures are highest in
the case of the coating containing 10–30 mol% of
ruthenium [18]. This high reactivity facilitates a faster
release of heat and gaseous products. This can be attributed
as being one of the reasons for the present observation of a
uniform and porous coating morphology with ∼30% RuO2

content. Segregation of TiO2 along the outer layers of the
catalytic coating also results in compositional anisotropy
and porous coating. This is also the cause for the present
observation. Thus, consistent with the SEM observations,
the coating with ∼30% RuO2 could be predicted to exhibit
uniform mud crack porosity.

It was confirmed, based on the XRD pattern (Fig. 3), that
TiO2 was in the anatase form. The peaks at 2θ values of

25.379 and 48.145 correspond to anatase TiO2. The peaks
at 28.022 and 34.999 correspond to rutile RuO2. The high
intensity peaks at 38.56 and 44.731 correspond to the
aluminum present in the sample, due to deep scratching of
the coating. The peak at 41.962 is due to the presence of a
small fraction of metallic ruthenium formed due to the
possible reduction of RuCl3 during firing.

Coating stability

The morphological studies revealed that the coating was
porous enough to allow the free passage of metal ions. The
morphology and composition of the coating after 6 weeks
of galvanic exposure were studied to assess the coating
stability during galvanic exposure. The SEM micrograph
of the coating after galvanic exposure exhibited the
effective existence of the coating with the same porous
structure (Fig. 2c,d). The corrosion products diffused out
through the uniform cracks without destructing coating.
Based on the EDAX analysis of the coatings before and
after the galvanic exposure, it was confirmed that the
coating components were only marginally disintegrated
due to the galvanic exposure (Fig. 4). These observations
show the stability of the coating during corrosion of the
anode. After galvanic exposure the percentage of alumi-
num in the coating was considerably increased due to the
release of corrosion products through the pores of the
coating.

Galvanic performances

The anode Based on the primary test results, the amount of
total mixed oxide in the coating was kept at 0.192 mg
cm−2. The influence of the compositional variation of
individual metal oxides on the galvanic performance of
anodes was studied under laboratory and marine condi-
tions. The tests were repeated, with a number of samples
having the same coating composition, to check the
reproducibility of the results. The average values of the
results are given in Table 2. Among the various
compositions studied, the anodes with the mixed oxide
coatings containing 20 to 40% RuO2 exhibited better
galvanic performance. The anode with 28% RuO2-
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Fig. 4 The EDAX data of optimum RuO2–TiO2 coating on Al+5%
Zn alloy anode before and after 6 weeks of galvanic coupling with
mild steel cathode in 3% NaCl at 30°C: a before galvanic exposure,
b after galvanic exposure

Table 2 Galvanic performance of the mixed oxide coated anodes and other anodes in laboratory conditions (electrolyte: 3% NaCl,
temperature=30°C)

Coating composition (%) OCP (VSCE) CCP(VSCE) at different current
densities (mA cm−2)

Self corrosion ×
10−6 (g cm−2 h−1)

Efficiency
(%)

TiO2 RuO2 3 5 10 15

0 0 −0.952 (−0.949) −0.950 −0.900 −0.810 −0.739 9.1857 (10.43) 64 (59)
0 Optimum RuO2 −0.999 (−0.984) −0.960 −0.957 −0.915 −0.894 7.2491 (9.11) 80 (74)
72 28 −1.098 (−0.997) −1.000 −1.010 −0.999 −0.998 6.6300 (7.33) 89 (83)
60 40 −1.005 (−0.995) −0.965 −0.941 −0.910 −0.899 7.1552 (8.55) 82 (76)
25 75 −0.996 (−0.991) −0.960 −0.952 −0.900 −0.887 7.4221 (8.66) 78 (71)

The values given in parenthesis are those values observed in marine conditions
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containing coating exhibited the best galvanic perfor-
mance. These anodes exhibited the highest cathodic OCP.
The average values of OCP and CCP for a set of samples
with the same coating composition were measured as a
function of time. Figure 5 compares the variation in the
average OCP and CCP values of the bare anodes along
with the mixed oxide and optimum RuO2-coated galvanic
anodes. The anode with 28% RuO2-containing coating
showed the least anodic polarization (Fig. 6). At all current
densities, the anode showed the highest negative CCP
values.

The anodes with 28% RuO2-containing coating ex-
hibited the highest negative OCP and CCP values (Fig. 7)
under marine conditions. The bare and lone RuO2-coated
anodes exhibited high rates of ennoblement due to high
biofouling on the anode surface. But the ennoblement did
not continue after 45 days. After a period of about 45 days,
the potentials slightly shifted to a more negative direction.
The potential shift may be attributed to the removal of the
biofilm as patches from the anode surface and to the
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enhanced biocorrosion caused by the microorganisms
present on the anode surface. All the anodes having TiO2-
containing coating did not exhibit considerable ennoble-
ment due to the low rate of biogrowth on the anode
surface.

The couple The trend of variation of current with time,
between the anode and the cathode under laboratory and
marine conditions, is shown in Fig. 8. During the study,
the coating having 28% RuO2 content facilitated high
current. After a few days all the anodes attained almost a
constant current under laboratory conditions. But all the
anodes under marine conditions exhibited constant reduc-
tions in the current with time. The reduction in current can
be attributed to the biofilm formation on the anode surface
suppressing active dissolution of the anode. Due to less
biofouling, the decrease in current was least pronounced in
the case of the anodes having TiO2-containing coating.
These anodes showed almost the same current as that
observed under laboratory conditions.

The cathode The cathodes protected by the RuO2–TiO2

surface-activated anodes did not exhibit any tendency to
undergo corrosion throughout the period of the study,
under marine conditions. Even the initial shiny appearance
persisted on the steel surfaces of the cathodes. The
corrosion rate was zero when evaluated after a period of 2
months. However, the cathodes coupled with the bare
anode or the lone RuO2-coated anodes exhibited rusting
after 1 month of exposure under marine conditions. In this
case a mild corrosion on the cathode surface was observed
as brown spots after 35 days. There was also mild
biofouling. There was no further severe corrosion there-
after. The OCP of the cathodes in the former case was
found to be in the range of −0.580 to −0.595 V, while it
was in the range of −0.615 V to −0.630 V in other cases,
as determined based on the parallel experiments con-
ducted. All these observations are attributed to the reduced
current capacity of the biofouled bare and lone RuO2-
coated anodes.

The activation trend The observed high galvanic perfor-
mances of the metal oxide coated anodes may be attributed
to the enhanced activation of aluminum by RuO2–TiO2

coating. It was also facilitated by the uniformly porous
coating having more dispersivity of RuO2 when the RuO2

content was ∼30%. Ruthenium oxide can act as a mixed
electron–proton conductor and can shift between various
oxidation states. Ruthenium oxide can also behave as a
good capacitor due to the action of various redox stages of
ruthenium with simultaneous proton transfer across the
coating originated from the water of hydration [19, 20].
Such oxidation and reduction reactions of ruthenium oxide
on the anode surface can destruct the stable alumina film
by a mechanism analogous to that of internal activators
[2]. To understand the path of activation, the bare and
optimum RuO2–TiO2 surface-activated anodes were
repeatedly polarized in 3% NaCl solution. The anodes
were galvanostatically polarized by impressing a current

of up to 80 mA cm−2, and then the current was interrupted.
The polarization was carried out again after allowing the
anodes sufficient time to reach stable potential. The
process was repeated several times. After three polariza-
tions, the bare anode became passive, which was evident
from the abrupt potential rise into the passive region. The
surface-activated anode did not exhibit any passivation
tendency, even after six repeated polarizations.

The cyclic voltammograms [17, 18] have revealed that
the maximum number of electro-active sites was present
when the RuO2 content in the RuO2–TiO2 coating was
around 20 to 30 mol%. The coating had a high surface area
and uniform pores at this composition. Thus, during
polarization, high oxidation state shuttling of ruthenium
could be predicted when the RuO2 concentration was
∼30%. Hence, the mixed oxide surface activation could
resist severe polarization during the actual functioning of
the anode.

Prolonged evaluation

Keeping the total mixed oxide composition of the coating
at 0.192 mg cm−2, the individual metal oxide content was
varied from 0 to 100%. The anodes coated with the mixed
oxide having 20 to 40% of RuO2 exhibited high galvanic
efficiency (more than 80%) and low self-corrosion values
under laboratory conditions. These anodes exhibited high
efficiency and low self-corrosion values under marine
conditions also. The anodes studied under marine condi-
tions were mechanically surface-treated to remove biofilm
and insulation. Hence, the efficiency and self-corrosion
values, determined under marine conditions, could be
treated as apparent. Under laboratory and marine condi-
tions, the anode having the coating containing 28% RuO2

showed optimum efficiency and least self-corrosion values.
The results of the long-term evaluation corresponding to
the five compositions are compared in Table 2. The
evaluations were repeated and the same trend was obtained
in all the cases.

All the anodes showed a well-complementary relation
between galvanic efficiency and self-corrosion. Aluminum
and aluminum alloys generally suffer from pitting and
localized corrosion in NaCl solutions. This is the main
cause of low galvanic efficiencies and high self-corrosion
values of aluminum alloy anodes [21]. The mixed oxide
coating with uniform pore distribution and uniform surface
activation can effectively reduce the localized corrosion.
Different interactions between the substrate and the coating
components, which are faster in the range of 10–30 mol%
of ruthenium, create various species at various oxidation
states of ruthenium.

The polarization behavior of the anodes after 2 months
of galvanic exposure was recorded (Fig. 6b) to assess the
retention capacity of the coating to activate aluminum. The
same polarization trend as that of the fresh anodes (Fig. 6a)
was observed. This observation confirms the activation
behavior of the coating even after long-term galvanic
exposure.
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Biofouling

The tolerance of biofouling is a key factor that determines
the worth of sacrificial anodes for marine applications. The
rate and nature of biofouling on the anode surfaces were
monitored as a function of immersion time in seawater.
White calcareous deposition was observed on the surface
of all the anodes within 2 days. The RuO2–TiO2 mixed
oxide coated anodes showed no coverage of marine
organisms after 1 week of immersion. However, 50 to
60% of the surface areas of the lone RuO2 coated or
uncoated anodes was found attacked by white slimy
organisms. The mixed oxide coated anodes exhibited 20%
attacked surfaces after 3 weeks, whereas other anodes
exhibited more than 80%. These anodes were also attacked
by some green- and brown-colored organisms. After 40
days, the RuO2–TiO2-coated anodes showed just less than
30% surface attack. After 45 days, the effluent containing
the acidic wastes from the nearby industrial unit (Travancore
Titanium) was released into the sea. Hence, some portions
of the biofilm from the surfaces of all the anodes were
peeled off due to the interaction with the effluent. Even
after 2 months of study, the biofilm coverage on the
RuO2–TiO2-coated anode surface was found below 30%,
whereas it was above 80% for the bare and lone RuO2-
coated anodes.

After 4 weeks, the sacrificial anodes were tested for the
presence of SRB, the organisms most closely identified
with microbially influenced corrosion (MIC). While the
absence of SRB was confirmed on RuO2–TiO2 surface-
activated anodes, other electrodes exhibited an effective
presence of SRB consortia. Thus, it was confirmed that
TiO2 in the surface coating could effectively reduce the
biofouling and flourishing of microbial groups that interact
in complex ways to induce MIC.

Conclusions

The optimum porous TiO2 mixed RuO2 catalytic coating
on the Al-alloy anodes facilitated the diffusion of Al metal
ions. The activation of Al-alloy anodes by RuO2 was
facilitated by the enhanced porosity of the coating. A fine-
tuning of the mixed oxide ratio would be necessary to
achieve enhanced performance. The anode coated with
optimum TiO2 mixed RuO2 catalytic coating showed an
exceptionally high galvanic performance. The mixed oxide

coating on the anode surface was found to have high
stability and induce activation even after half the volume of
the anode was consumed due to sacrificial action. TiO2

present in the catalytic coating effectively reduced
biofouling on the anode surface. The anodes have the merits
of low cost, easy development, high galvanic performance,
tolerance in aggressive media, and bioresistance.

Acknowledgement The administrative help and encouragement of
Prof. P. Indrasenan, Head, Department of Chemistry, University of
Kerala is gratefully acknowledged.

References

1. Venugopal A, Raja VS (1996) Br Corros J 31:318
2. Reboul MC, Gimenez PH, Rameau JJ (1984) Corrosion 40:366
3. Shibli SMA, George S, Gireesh VS (2002) Br Corros J 37:126
4. Shibli SMA, Gireesh VS (2003) Appl Surf Sci 219:203
5. Shibli SMA, Gireesh VS, George S (2004) Corros Sci 46:819
6. Sanchez-Agudo M, Soriano L, Quiros C, Avila J, Sanz JM

(2001) Surf Sci 482–485:470
7. Mink DR, Kristof J, De Battisti A, Daolio S, Nemeth Cs (1995)

Surf Sci 335:252
8. Daolio S, Kristof J, Piccirillo C, Pagura C, De Battisti A (1996)

J Mater Chem 6:567
9. Wolfrum E, Huang J, Blake D, Maness P, Huang Z, Fiest J,

Jacoby W (2002) Environ Sci Technol 36:3412
10. Amezaga PM, Neverez GVM, Orrantia EB, Mikiyoshida M

(2002) FEMS Microbiol Lett 211:183
11. Borgarello E, Kiwi J, Pelizzetti E, Visca M, Gratzel M (1981)

Nature 289:158
12. Ateanasoski T (1993) In: Wolsky SP, Marincis N (eds)

Proceedings of the third international seminar on double-layer
capacitors and similar energy storage devices. Florida Educa-
tional Seminars, Boca Raton

13. Kristof J, Daolio S, De Battisti A, Piccirillio C, Mihaly J,
Horvath E (1999) Langmuir 15:1498

14. De Battisti A, Battaglin G, Benedetti A, Kristof J, Liszi J
(1995) Chimia 49:17

15. De Battisti A, Lodi G, Nanni L, Battaglin G, Benedetti A
(1997) Can J Chem 75:1759

16. Piccirillo C, Naolio S, Kristof J, Mihaly J, Facchin B, Fabrizio
M (1997) Int J Mass Spectrom Ion Process 161:141

17. Kristof J, Daolio S, Piccirillo C, Facchin B, Mink J (1996) Surf
Sci 348:287

18. Kristof J, Liszi J, De Battisti A, Barbieri A, Szabo P (1994)
Mater Chem Phys 37:23

19. David M, Patrick LH, Linda PLC, Andrea ER, Karen ES,
Debra RR (1999) J Phys Chem B 103:4825

20. Tongchang L, Pell WG, Conway BE (1997) Electrochim Acta
42:3541

21. Salinas R, Garcia SG, Bessone JB (1999) J Appl Electrochem
29:1063

208


	RuO2–TiO2 mixed oxide composite coating for improvement of Al-alloy sacrificial anodes
	Abstract
	Introduction
	Materials and methods
	Anode fabrication
	Physico-chemical characterization
	Electrochemical characterization
	Biogrowth

	Results and discussion
	Preliminary characterization
	Morphological change
	Galvanic performance

	Optimization of the coating composition
	Coating morphology and composition
	Coating stability
	Galvanic performances
	The anode
	The couple
	The cathode
	The activation trend

	Prolonged evaluation

	Biofouling

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


