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Abstract—CuO+MxOy/TiO2+SiO2/Ti composites (M = Mn, FE, Co, Ni) were produced by plasma-electrolytic 
oxidation and impregnation, followed by annealing. The elemental and phase composition of these composites 
were examined and their activity series in CO oxidation was determined.
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It is known that binary oxides of transition metals, 
including those supported by ceramic monoliths and 
metallic substrates, are promising as redox catalysts 
[1–4]. Catalyst on metallic supports are distinguished 
by high heart conductivity and mechanical strength and 
can be easily molded into various shapes [5]. To deposit 
a catalytically active mass onto a metallic support, 
it is necessary to use in many cases a “sublayer” or a 
secondary support, which improves the adhesion to 
the substrate and imparts are larger, compared with the 
metal, specifi c surface area to the catalyst. An oxide 
layer of this kind can be formed by plasma-electrolytic 
oxidation (PEO), which consists in anodization of valve 
metals in electrolytes under the action of electric-spark 
and microarc discharges. This method, also having other 
names (anodic-spark deposition, microarc oxidation, 
anodization at high anodic potentials, anodic-spark 
electrolysis [6, 7], is capable of replacing in the future 
the existing methods for fabrication of both secondary 
supports [8, 9] and catalytically active oxide layers [10–
12] on metallic substrates. Depending on the process 
conditions, which include electrical and temporal forming 
parameters and the temperature and composition of an 
electrolyte, coatings differing in composition, thickness, 
porosity, and other physicochemical properties can be 
obtained [13].

It has been shown previously that Ni- and Cu-
containing oxides structures formed on titanium 
by a single-stage plasma-electrolytic oxidation are 
deactivated in the course of catalytic tests [14]. However, 
their activity can be enhanced upon an additional 
modifi cation with nickel and copper oxides [15], e.g., by 
impregnation in solutions of the corresponding salts and 
subsequent annealing. In [16], the effect of characteristics 
of preliminarily deposited plasma-electrolytic oxide 
layers formed on titanium in various electrolytes on 
parameters of nickel- and copper-containing oxide 
catalysts fabricated by impregnation and annealing was 
studied. The best catalytic, mechanical, and adhesion 
properties were obtained for nickel-copper oxide 
composites based on PEO layers formed in a silicate 
electrolyte. Therefore, just silicate coatings were chosen 
for deposition of copper oxide and the oxide of a 
transition metal (nickel, cobalt, manganese, or iron) by 
impregnation in solutions of the corresponding nitrates, 
followed by annealing.

The goal of our study was to examine the catalytic 
properties of modifi ed coatings on titanium in relation 
to their elemental and phase composition and surface 
morphology and to determine the catalytic activity 
series for the supported catalysts.
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EXPERIMENTAL

To determine the elemental and phase composition of 
the coatings and measure their thickness, we used 2.2 × 
2.2 × 0.1 cm planar samples of sheet titanium (VT1-
0). Catalytic tests were performed with coiled samples 
of a titanium wire 1.2 mm in diameter with a working 
surface area of 20 cm2.

The pretreatment of all the titanium samples consisted 
in their polishing in a mixture of hydrofl uoric and nitric 
acids (HF : HNO3 = 1 : 3, v/v) at a temperature of 70°C, 
followed by washing with, fi rst, tap and, then, distilled 
water and drying in air.

The electrochemical cell for anodization comprised a 
1-L glass vessel, a cathode in the form of a hollow coil 
pipe made of 12Kh18N10T corrosion-resistant steel, 
and a magnetic rabble. Coatings were formed using a 
computer-controlled multifunctional current source 
developed at Fleron OOO (Vladivostok, Russia) on the 
basis of a TER-4/460N-2-2UKhL4 commercial thyristor 
unit (Russia). The PEO layers were formed in the course 
of 10 min under anodic polarization in the galvanostatic 
mode (i = 0.1 A cm–2) in a silicate alkaline electrolyte 
containing 0.05 M Na2SiO3 and 0.05 M NaOH. 
The solution was prepared from distilled water and 
commercial reagents: sodium silicate Na2SiO3·9H2O of 
analytically pure grade and sodium hydroxide NaOH of 
chemically pure grade.

The resulting samples with PEO coatings were 
modifi ed by impregnation in an aqueous solution 
containing 1 M Cu(NO3)2 and 1 M of a transition metal 
[Mn(II), Fe(III), Co(II), Ni(II)] nitrate for 1 h. Then 
the samples were dried over an electric hot plate and 
annealed in air in a muffl e surface at 500°C for 4 h.

The thickness of the layers was determined with an 
eddy-current thickness meter. Data on the elemental 
composition and surface morphology were obtained with 
a JXA 8100 X-ray fl uorescence microanalyzer (Japan) 
with an INCA energy dispersive attachment (UK). 
To preclude surface charging, gold was preliminarily 
deposited onto the samples. X-ray diffraction patterns 
were measured using a D8 Advance X-ray diffractometer 
(Germany) with CuKα radiation. The X-ray phase 
analysis was made with an EVA search software with a 
PDF-2 database.

Catalytic tests were performed on a BI-CATfl ow 
4.2(A) versatile fl ow-through installation (Institute 
of Catalysis, Siberian Branch, Russian Academy of 

Sciences). Chopped wire samples with a PEO coating 
(geometric coating surface area 20 cm2) were placed in 
the active zone (d = 0.9 cm, h = 3 cm) of a tubular quartz 
reactor. The initial reaction mixture contained 5% CO 
and air. The gas fl ow rate was 50 mL min–1. The outlet 
CO and CO2 concentrations were determined with a 
PEM-2 IR gas analyzer. The temperature range under 
study was 20–500°C.

Data on the elemental and phase compositions and 
on the coating thicknesses are listed in the table. The 
modifi ed coatings can be arrange in order of decreasing 
thickness as Mn–Cu > Fe–Cu > Co–Cu ≥ Ni–Cu. The 
thickness of coatings modifi ed with oxides of copper and 
iron, cobalt, or nickel coincides within the measurement 
error (±2 μm) with that of the initial silicate coatings (see 
table). Only for Mn-containing coatings, the thickness 
exceeds by approximately 5 μm that of the initial PEO 
layers.

Crystalline titanium dioxide phases in the rutile and 
anatase modifi cations were found in the coatings, but no 
crystalline silicon oxide was observed. This oxide may 
be present in the coatings as amorphous silica because, 
according to X-ray diffraction analysis, their content 
of silicon varies from 5.8 to 9.3 at %. All the modifi ed 
coatings contain oxides of copper (tenorite) and other 
transition metals (Mn2O3, γ-Fe2O3, Co3O4, NiO). The 
only exceptions are Ni- and Cu-containing composites 
in which no crystalline copper oxide was found, 
presumably, because of its insuffi cient concentration (2.0 
at % Cu). According to published data [17], impregnation 
of ceramic supports with nitrates of divalent manganese, 
cobalt, nickel, and copper leads to formation of 
crystalline oxides β-MnO2+Mn2O3, Co3O4, NiO, and 
CuO, respectively. In the present study, only β-MnO2 
was not found. The authors of [17] demonstrated that 
the way in which the given Mn, Co, Ni, and Cu nitrates 
decompose in binary and ternary systems hardly differs 
from that in single-component systems. Because we 
used mixed impregnating solutions, it is not improbable 
that mixed phases, products of interaction of transition 
metal oxides with copper oxide, can also be formed [1–3, 
18]. For example, CuCo2O4 and NiCuO2 can be formed 
according to [1]. It was shown in [2] that Ni–Cu solid 
solutions are characteristic of nickel–copper catalytic 
systems on various supports. Indeed, the Ni2CuO3 
double oxide was found in [16] upon impregnation of 
PEO systems under similar conditions. The formation 
of the mixed Ni2CuO3 phase in [16] may be due to the 
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larger thickness (53 μm) of the starting silicate coatings 
because an electrolyte with a different Na2O/SiO2 ratio 
and higher current densities were used for the plasma-
electrolytic treatment.

In the systems under study, the formation of the 
Cu1.5Mn1.5O4 double oxide was observed only in a 
single case of impregnation in a solution of manganese 
and copper nitrates. Presumably, the formation of mixed 
phases cannot be ruled out for all of the composites 
under study. However, the concentration of these phases 
is insuffi cient for their detection by XPA.

In systems of this kind, it is also possible that 
products of interaction of transition metal oxides with 
the secondary support, titanium oxide in the given case 
[19, 20] (due to the inertness of silica, the interaction 
with TiO2 is preferable). For example, the formation 
of low-activity NiTiO3 (at 430–500°C) was a possible 
reason why a catalyst in the NiO–TiO2 system was 
deactivated [19].

According to the results of an X-ray fl uorescence 
microanalysis (XFA, see table), the modifi ed coatings 
can be arranged in order of decreasing concentration of 
active components as Fe–Cu > Mn–Cu > Co–Cu > Ni–
Cu. This series somewhat differs from the results of [17], 
where it was shown that, under identical conditions, the 

impregnating capacity of nitrates decreases in the order 
Co(NO3)2 > Mn(NO3)2 > Ni(NO3)2 > Cu(NO3)2, i.e., 
for some supports, the content of cobalt is the highest, 
and that of copper, the lowest at the same number of 
impregnations. It is unclear whether this difference is due 
to use of other substrates or to a simultaneous presence 
of a second component. In our case, the maximum total 
concentration of transition metals (Fe+Cu) is correlated 
with the minimum content of the substrate components 
(Si+Ti).

The coatings contain 6.9 to 20.0 at % carbon (see 
table). The presence of this element may be due to 
contamination of the coating surface, to its interaction 
with carbon(IV) oxide dissolved in the electrolyte both 
in a plasma-electrolytic treatment and in contact with 
air in drying of fi nished samples. The reasons for the 
incorporation of carbon in PEO coatings have been 
discussed previously [21, 22]. The fact that no carbon 
was found in the starting PEO coatings and in Ni- and 
Cu-containing PEO coatings obtained in [16] may be 
due to the deposition of carbon, rather than gold, onto 
the samples to preclude the surface charging in RFA.

Figure 1 shows scanning electron microscopic 
(SEM) images of the starting and modifi ed PEO layers 
formed in a silicate alkaline electrolyte. The surface of 

Thickness h and the elemental and phase composition of plasma-electrolytic layers before and after modifi cation

Coating Impregnating solution 
composition h, μm Phase composition of 

coatings
Elemental composition of coatings, at %

Mb Cu C O Ti Si Na

SiO2 + TiO2 – 13.3 TiO2 (r + а)c – – – 72.1 10.4 17.1 0.4 

Mn–Cu Mn(NO3)2 + Cu(NO3)2 18.3 TiO2 (r + а)
Mn2O3, CuO (tenorite)
Cu1.5Mn1.5O4

4.1 4.0 6.9 65.5 10.2 9.3 –

Fe–Cu Fe(NO3)3 + Cu(NO3)2 14.2 TiO2 (а)
CuO (tenorite)
γ-Fe2O3 (maghemite)

9.1 10.6 13.6 54.8 6.1 5.8 –

Co–Cu Co(NO3)2 + Cu(NO3)2 12.0 TiO2 (r + а)
Co3O4
CuO (tenorite)

3.8 3.3 20.0 55.8 8.4 8.7 –

Ni–Cu Ni(NO3)2 + Cu(NO3)2 11.6 TiO2 (а), NiO 3.6 2.0 15.5 59.0 11.8 8.2 –

Ni–Cua Ni(NO3)2 + Cu(NO3)2 53.5a Ni2CuO3, NiO
CuO (tenorite)

15.9 13.1 – 50.6 1.8 18.6 –

a Published data [16]; the thickness of the starting silicate PEO coatings (before impregnation) is given.
b M = Mn, Fe, Co, Ni.
c Here, r stands for rutile, and a, for anatase.
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Fig. 1. SEM images of the surface of PEO coatings (a, b) before and (c–j) modifi cation with transition metal oxides. The images were 
obtained in (a, c, e, g, i) amplitude and (b, d, f, h, j) phase contrast modes.
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the starting silicate coatings has a complex structure 
of intergrown fritted particles of various shapes and 
sizes, which are randomly arranged on the surface and 
alternate with pores and depressions (Figs. 1a and 1b). 
Upon the impregnation, the modifi ed catalysts retain 
their highly porous and developed surface structure. 
The crust formed on the surface reproduces the surface 
profi le of he starting coating and fi lls pores, thereby 
somewhat smoothing the profi le. This is indirectly 
confi rmed by measurements of the coating thickness, 
which only slightly differs from that of the starting 
silicate coatings. The larger crust thickness on the 
surface of Mn- and Cu-containing coatings (Figs. 1c 
and 1d) results in that areas not covered by the oxide 
composite are formed on some parts of the support 
surface. Possibly, just the formation of such areas is the 
reason for the lower concentration of transition metals in 

Mn- and Cu-containing catalysts, compared with those 
containing Fe and Cu. A characteristic feature of these 
latter (Figs. 1e and 1f) is the presence of a large number 
of cracks on the surface. Cracked areas are also present 
on the surface of Ni- and Cu-containing coatings, but, in 
this case, they have a fi ner grained structure.

All the catalysts obtained in the study were tested 
in the model reaction of CO oxidation to CO2. As the 
measure of catalytic activity was taken the variation of 
the CO conversion with temperature (Figs. 2a and 2b). 
It is noteworthy that the silicate coatings on titanium 
are high-temperature CO conversion catalysts by 
themselves; their half-conversion temperatures under 
the experimental conditions were 443–484°C (diagram 
in Fig. 2c). All the modifi ed catalysts characteristically 
show a “counterclockwise” hysteresis loop (Fig. 2a) in 
the fi rst cycle of catalytic tests, which may indicate that 

Fig. 2. Effect of the composition of the CuO-MxOy composite in (a) fi rst and (b) second cycle of catalytic tests on the dependences of 
the CO conversion X on temperature T and (c) on the half-conversion temperatures T50. The digits 1 and 2 refer to determination of 
T50 at increasing temperature in the fi rst and second cycles of the catalytic tests, and the primed digits 1' and 2', to that at decreasing 
temperature. (a, b) (1) Fe–Cu, (2) Ni–Cu, (3) Co–Cu, and (4) Mn–CU.

(a) (b)

(c)

X, % X, %

T, °C T, °C

T50, °C
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they are activated in contact with the gaseous reaction 
mixture, with the role of activator possibly played by 
CO. However, the catalysts are stabilized already in the 
second cycle (Fig.2b).

Analysis of the data on the elemental composition 
of the coatings (see table) and their catalytic properties 
(Fig. 2) shows that there is no relationship between the 
total concentration of active components in the coatings 
and the catalytic activity of the systems. Coatings with 
the highest content of transition metals (cFe + cCu = 
19.7 at %) exhibit the lowest activity.

The catalyst can be arranged in order of decreasing 
catalytic activity as Co–Cu > Mn–Cu > Ni–Cu > Fe–
Cu. If we disregard the presence of CuO in each of the 
systems under study, the above series coincides with that 
in which decreases the catalytic activity of transition 
metal oxides in reactions of homomolecular oxygen 
exchange, deep oxidation of methane, and oxidation 
of hydrogen [23]: Co3O4 > MnO2 > NiO(> CuO) > 
Fe2O3 > TiO2 (not the whole series is presented). A close 
sequence [Co3O4 > CuO > MnO2 (Mn2O3) > NiO > 
Fe2O3 > TiO2 has also been observed in measurements of 
the CO oxidation rate in mixtures with a stoichiometric 
component ratio under stationary conditions at 227°C 
[24, 25]. At the same time, the series of metal oxides 
arranged in order of decreasing activity in the reaction 
of full oxidation of propylene, determined in [26], are 
somewhat different: MnO2(> CuO) > Co3O4 > Fe2O3 > 
NiO. The certain difference in the oxide sequences in the 
activity series reported by different authors may be due 
both to the nature of the compounds being oxidized and 
varied conditions of catalyst fabrication and use [27].

The authors of [23, 28] believe that there exists an 
inverse relationship between the activity of oxides in 
deep oxidation reactions and the strength of the oxygen 
bonding: the weaker the oxygen bonding in the surface 
layer of an oxide, the higher its activity. However, the 
series of oxides arranged in order of decreasing bonding 
energy (kcal mol–1) of the surface oxygen somewhat 
differs from the above activity series: Co3O4 (15.3, 17), 
CuO (18.5, 19), NiO (19.5, 20), MnO2 (19.6, 20), and 
Fe2O3 (33.0, 34) [28, 23].

On passing from simple oxides to binary composites, 
their activity in redox reactions may both increase and 
decrease. For example, a higher activity in the model 
reaction of deep methane oxidation was demonstrated 
in [18] for binary copper-cobalt oxide systems 
supported by fi berglass, compared with the individual 
oxides Co3O4 and CuO. The authors believe that, in 

the case of copper-cobalt catalysts, there is a synergic 
effect of an increase in the catalytic activity, which is 
presumably due to partial formation of a CuCo2O4–
Co3O4 nonstoichiometric solid solution with spinel 
structure. By contrast, a decrease in the catalytic 
activity has been observed for similar CuMnOx copper-
manganese systems on fi brous supports, compared with 
CuO and Mn3O4. At the same time, γ-Al2O3-supported 
copper-manganese systems containing CuMn2O4 (trace 
amounts) + Mn2O3 + CuO in their active phase exhibit 
a higher activity in CO oxidation, compared with 
individual copper and manganese oxides on the same 
support [29].

CONCLUSIONS

(1) Composites active in CO oxidation at temperatures 
above 150–250°C were produced by deposition of 
binary oxides of copper and other transition metals 
(manganese, iron, cobalt, and copper) by impregnation 
on a SiO2 + TiO2/Ti secondary support formed by 
plasma-electrolytic oxidation of titanium. The modifi ed 
PEO coatings contain 2.0–10.6 at % Cu and 3.6–9.1 at 
% transition metal (Mn, Fe, Co, or Ni).

(2) No relationship was observed between the total 
concentration of transition metals in the coatings and the 
catalytic activity of the composites.

(3) It was shown that the supported catalysts can be 
arranged in order of decreasing catalytic activity as Co–
Cu > Mn–Cu > Ni–Cu > Fe–Cu. For the systems CuO + 
MxOy/SiO2 + TiO2/Ti (M = MN, Fe, Co, Ni), this series 
coincides with the activity series for the individual 
oxides of these transition metals in the reactions of 
homomolecular oxygen exchange and full oxidation of 
methane, carbon monoxide, and hydrogen.

(4) It was found that copper-cobalt oxide catalysts 
based on silicate PEO coatings on titanium are the most 
promising for further studies.

ACKNOWLEDGMENTS

The authors are grateful to Cand. Sci. (chemistry) 
T.A. Kaidalova, a staff member of the Institute of 
Chemistry, Far-Eastern Branch, Russian Academy of 
Sciences, for performing an X-ray phase analysis.

REFERENCES

1. El-Shobaky, H.G., Appl. Catal. A: Gen., 2004, vol. 278, 



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  86  No. 3  2013

325SILICATE  COATINGS  ON  TITANIUM

no. 1, pp. 1–9.
2. Efremov, V.N. and Golosman, E.Z., Kinet. Kataliz, 2006, 

vol. 47, no. 5, pp. 805–817.
3. El-Shobaky, H.G. and Fahmy, Y.M., Appl. Catal. B: 

Environ., 2006, vol. 63, pp. 168–177.
4. Meille, V., Appl. Catal. A: Gen., 2006, vol. 315, pp. 1–17.
5. Avila, P., Montes, M., and Miro, E.E., Chem. Eng. J., 

2005, vol. 109, nos. 1–3, pp. 11–36.
6. Yerokhin, A.L., Nie, X., Leyland, A., et al., Surf. Coat. 

Technol., 1999, vol. 122, pp. 73–93.
7. Walsh, F.C. and Low, C.T.J., Trans. Inst. Metal Finish., 

2009, vol. 87, no. 3, pp. 122–135.
8. Tikhov, S.F., Chernykh, G.V., Sadykov, V.A., et al., Catal. 

Today, 1999, vol. 53, no. 4, pp. 639–646.
9. Misnyankin, V.A., Plasmochemical Deposition of 

Catalytically Active Oxide on Aluminum from Aqueous 
Solutions, Cand. Sci. Dissertation, Dnepropetrovsk, 
2006.

10. Patcas, F. and Krysmann, W., Appl. Catal. A: Gen., 2007, 
vol. 316, pp. 240–249.

11. Ved’, M.V. and Sakhnenko, N.D., Korroziya: Mater., 
Zashch., 2007, no. 10, pp. 36–40.

12. Rudnev, V.S., Vasilyeva, M.S., Kondrikov, N.B., and 
Tyrina, L.M., Appl. Surf. Sci., 2005, vol. 25, no. 5, pp. 
1211–1220.

13. Suminov, I.V., Belkin, P.N., Epel’fel’d, A.V., et al., 
Plazmenno-elektroliticheskoe modifi tsirovanie pover-
khnosti metallov i splavov, v 2kh tomakh (Plasma-
Electrolytic Surface Modifi cation of Metals and Alloys in 
2 vols), Moscow: Tekhnosfera, 2011, vol. 1.

14. Vasil’eva, M.S., Rudnev, V.S., Ustinov, A.Yu., et al., Zh. 
Neorg. Khim., 2009, vol. 54, no. 11, pp. 1787–1791.

15. Rudnev, V.S., Tyrina, L.M., Ustinov, A.Yu., et al., Kinet. 
Kataliz, 2010, vol. 31, no. 2, pp. 281–287.

16. Vasil’eva, M.S., Rudnev, V.S., Sklyarenko, O.E., et al., 
Zh. Obshch. Khim., 2010, vol. 80, no. 8, pp. 1247–1253.

17. Dul’nev, A.V., Efremov, V.N., Obysov, M.A., et al., Zh. 
Prikl. Khim., 2004, vol. 77, no. 9, pp. 1501–1509.

18. Zav’yalova, U.F., Tret’yakov, V.F., Burdeinaya, T.N., et 
al., Kinet. Kataliz, 2005, vol. 46, no. 5, pp. 795–800.

19. Rubinshtein, A.M., Dulov, A.A., Yakerson, V.I., et al., 
Izv. Akad. Nauk SSSR, Ser. Khim., 1974, no. 7, pp. 1645–
1647.

20. Trusova, E.A., Tsodikov, M.V., Slivinskii, E.V., et al., 
Mendeleev Commun., 1998, vol. 8, no. 3, pp. 102–104.

21. Vovna, V.I., Gnedenkov, S.V., Gordienko, P.S., et al., 
Elektrokhimiya, 1998, vol. 34, no. 10, pp. 1208–1211.

22. Rudnev, V.S., Vaganov-Vil’kins, A.A., Ustinov, A.Yu., et 
al., Fizikokhim. Pov–sti Zashch. Mater., 2011, vol. 47, 
no. 3, pp. 277–285.

23. Boreskov, G.K., Kinet. Kataliz, 1967, vol. 8, no. 5, 
pp. 1020–1033.

24. Boreskov, G.K. and Marshneva, V.I., Doklady Akad. 
Nauk SSSR, 1973, vol. 213, no. 1, pp. 112–115.

25. Boreskov, G.K., Kataliz. Voprosy teorii i praktiki. 
Izbrannye trudy (Theory and Practice of Catalysis: 
Selected Works), Novosibirsk: Nauka, 1987.

26. Rubanik, M.Ya., Kholyavenko, K.M., Gershingorina, 
A.V., and Lazukin, V.I., Kinet. Kataliz, 1964, vol. 5, no. 
4, pp. 666–667.

27. Popova, N.M., Katalizatory ochistki gazovykh vybrosov 
promyshlennykh proizvodstv (Catalysts for Purifi cation of 
Industrial Effl uent Gases), Moscow: Khimiya, 1991.

28. Sazonov, V.A., Popovskii, V.V., and Boreskov, G.K., 
Kinet. Kataliz, 1968, vol. 9, no. 2, pp. 312–318.

29. Mardanova, N.M., Akhverdiev, R.B., Talyshinskii, R.M., 
et al., Kinet. Kataliz, 1996, vol. 37, no. 1, pp. 90–95.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


