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Abstract—Highly porous nickel matrices with varied content of nickel were formed on a glassy graphite electrode
by the electrochemical deposition method. The nickel deposits were studied by pulsed chronoamperometry, im-
pedance spectroscopy, and cyclic voltammetry on a rotating disk electrode in a 1 M KOH solution and in alkaline
solutions containing methanol or ethanol. The process in which a hydroxide film is formed on the nickel surface
in an alkaline solution and the influence exerted by this process on the catalytic oxidation of alcohols on nickel

in an alkaline medium are discussed.
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At present, there is a considerable interest in
application of nickel-based electrodes for -electro-
oxidation of small organic molecules. The oxidation
mechanism of some organic compounds on a nickel
anode in alkaline solutions was considered in [1, 2],
and the catalytic activity of nickel in the reactions of
methanol and ethanol oxidation in an alkaline medium,
in [3-5]. The oxidation of methanol was studied on
nickel electrodes modified with nickel complexes, on
nickel oxides [7-9], and also on nickel alloys [10-16].
The catalytic oxidation of ethanol in alkaline solutions
was examined on nickel nanoparticles supported by
substrates made of various materials [17, 18].

As follows from the published evidence, an
important role is played in the electrocatalytic activity
of nickel-containing electrodes by the redox pair
Ni(OH)2/NiOOH. However, the oxidation mechanisms
of alcohols vary between reports by different authors.
Therefore, of interest is a more detailed study of the
process of recharging of nickel oxides on the electrode
surface in alkaline solutions and of its influence on the
catalytic oxidation of alcohols.

EXPERIMENTAL

We prepared working solutions and made

electrochemical measurements by te procedures
previously described in detail in [19, 20]. All the reagents
used in the study were thoroughly purified and solutions
were prepared with twice-distilled water. The cell and
vessels used in the experiments were also washed with
twice-distilled water.

The study was carried out in a hermetically sealed
three-electrode glass cell having separate cathode
and anode spaces, with an inert gas (argon) bubbled
through the solution. An installation with a rotating disk
electrode was used. The working disk electrode had the
form of a glassy-carbon (GC) rod embedded in Teflon,
with a disk surface area of 0.07 cm2, on which a porous
nickel layer was electrochemically deposited. Prior to
deposition of nickel, the glassy-carbon electrodes were
polished to mirror shine with fine emery paper and then
thoroughly washed with twice-distilled water. Porous
nickel was deposited onto the glassy-carbon electrode
by the procedure suggested in [21] from a 0.2 M NiCl,
+ 2 M NH,CI solution with pH 3.6 in the galvanostatic
mode during a certain time. It was found [21] that, owing
to the joint discharge of ammonium ions as proton
donors, highly porous metallic nickel matrices are
formed under these electrodeposition conditions, with
a large roughness factor and good mechanical strength.
Using the data of [21], obtained when determining the
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fraction of the current consumed by the nickel deposition
process under these conditions, we estimated the amount
of deposited nickel. It was found to be 1.3, 2.6, 4.4, 5.2,
and 13 mg cm2, depending on the current density and
deposition duration.

As auxiliary electrode served a glass-sealed
platinum wire. The role of the reference was played
by a calomel electrode in a saturated KCl solution
(SCE). All the working-electrode potentials are given
in the study relative to this reference electrode. The
study was carried out at room temperature (18 + 2°C).
Before measurements, the solution under study was
saturated with argon in the course of 0.5 h to remove
molecular oxygen. When current—voltage curves were
recorded, argon was passed over the solution under
study. Electrochemical measurements were made with
an Autolab PGSTAT 12 automated electrochemical
complex (Eco Chemie, The Netherlands) interfaced
with a personal computer.

The electrochemical impedance spectroscopy
(EIS), in which the impedance of an electrochemical
system is measured under ac voltage conditions, is a
powerful method for a study of the electrical properties
of substances and phase boundaries at the electrode
surface. For all the fabricated nickel electrodes, we
obtained electrochemical impedance spectra in a wide
range of frequencies (0.1-10 000 Hz) with an amplitude
of 0.01 Hz at various electrode potentials. Prior to
impedance measurements, the electrode was polarized
during a long time (500 s) at an appropriate potential
until a steady-state current was reached. The electrodes
with various amounts of deposited nickel were studied
in an alkaline solution. Cyclic voltammetric (CVA)
curves were recorded in a 1 M KOH solution in a wide
range of potentials at various potential sweep rates.

As noted previously [19, 20], anodic and cathodic
peaks are observed on the nickel electrode in an alkaline
solution at potentials higher than 0.35 V. These peaks
correspond to the process of nickel hydroxide recharging
on the electrode, which can be described by the equation
[1,2]:

Ni(OH), + OH- - e = NiOOH + H,0. (1)

With increasing potential sweep rate, the currents of
the recharging peaks grow. We plotted dependences of
the currents /, of the anodic and cathodic peaks on the
potential sweep rate V, which were straight lines with
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slope ratios of about 0.7-0.8 in the In /—In ¥ coordinates.

We examined the reproducibility of the nickel
hydroxide recharging curves on nickel electrodes
operating during several days. The corresponding data
are presented in Fig. 1. The arrows show the direction
in which the potential changes. It can be seen that
the height and position of the anodic and cathodic
recharging peaks vary with time on the same electrode.
All the curves have a single anodic recharging peak,
which shifts toward positive potentials in the course of
time. A bifurcation of the cathodic recharging peak is
observed, with the cathodic peak lying at more negative
potentials being more strongly pronounced on freshly
deposited electrodes. This peak gradually decreases and
is transformed to the peak at more positive potentials.
This variation of the cathodic recharging peak can
be attributed to the presence of two nickel hydroxide
phases, a-Ni(OH), and B-Ni(OH), [7], on the nickel
surface and to the transformation of nickel hydroxide
from phase o to phase B in the course of time. Similar
curves were obtained on electrodes with various nickel
contents, which may indicate that the recharging process
of nickel hydroxides occurs in a thin surface layer, rather
than throughout the deposit volume.

The catalytic activity of all the porous nickel
electrodes we obtained was studied in the reaction of
ethanol and methanol oxidation in an alkaline medium.
The cyclic voltammetric curves were recorded at various
potential sweep rates in a wide range of potentials.
Figure 2 shows as an example the CVA curves obtained
on the nickel electrode at a potential sweep rate of
0.05 V s! in an alkaline solution with addition of 1 M
of ethanol. The data obtained in alkaline alcoholic
solutions fully agree with those published previously
[19, 20]. The oxidation of the alcohols is only observed
on the nickel electrode on the oxidized nickel surface,
in agreement with published data [3, 13]. The potentials
of the oxidation peaks of the alcohols in forward
(anodic) and reverse (cathodic) potential sweeps
coincide. The voltammetric curves corresponding to
the anodic potential sweep show a superposition of two
processes, recharging of nickel and oxidation of ethanol
(methanol). The curves obtained in a cathodic potential
sweep clearly demonstrate, after the anodic peak
corresponding to the alcohol oxidation, the cathodic
peak of nickel recharging. The currents of the alcohol
oxidation peaks grow with increasing potential sweep
rate. In the process, the nickel recharging peaks also
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Fig. 1. Cyclic voltammetric curves obtained in a 1 M KOH
solution at a potential sweep rate of 0.05 V s-1 on a nickel
electrode deposited at a current density of 0.1 A cm2 in the
course of 100 s, with the electrode operating for several days.
(1) Current and (E) potential; the same for Figs. 2 and 5. (/) On
the day of nickel deposition, (2) in 5 days, and (3) in 7 days.

become higher. The dependences of the peak currents
on the potential sweep rate are linear in the In/,~InV’
coordinates. The slope ratios of these dependences for
the recharging process of nickel hydroxides were 0.7—
0.8. The same parameters for the processes of methanol
and ethanol oxidation were substantially smaller (~0.2—
0.3).

Porous nickel electrodes were studied by pulsed
chronoamperometry. In doing so, we applied a pulse of
a potential in the range from —0.8 V (the value at which
no Faraday processes occur at the nickel electrode
according to the preliminarily measured CVA curves) to
—0.4, 0.0, +0.4, +0.5, and +0.6 V and the variation of
the current with time was recorded. Figure 3 shows the
I—t curves obtained in a 1 M KOH solution (Fig. 3a)
and in an alkaline solution with addition of 1 M of
ethanol (Fig. 3b). It can be seen that, at potentials in the
range in which no Faraday processes occur at the nickel
electrode, a sharp fall of the current is observed when
the potential instantaneously changes upon an abrupt
change in the current, which corresponds to charging of
the electric double layer. At the potentials corresponding
to the nickel hydroxide recharging (Fig. 3a) or to the
alcohol oxidation (Fig. 3b), delays appear in the /-t
curve, during which the current grows as the positive
pulsed potential becomes higher.
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Fig. 2. Cyclic voltammetric curves obtained on a porous
nickel electrode in a 1 M KOH solution with addition of 1 M
of ethanol at a potential sweep rate of 0.05 V s-1.
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81 (b)

0.1 0.3 051,s
Fig. 3. Chronoamperograms obtained on a nickel electrode in
solutions of (a) 1 M KOH and (b) 1 M KOH + 1 M ethanol,

with the potential changed in the pulsed mode from —0.8 V to
various values. (/) Current and (1) time.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 86 No. 11 2013



1716

iy
800

400}

400 800 Z', Q

NIKIFOROVA et al.

- ()
500

03V

300t

100F

-200 0 200 400 2", Q

Fig. 4. Nyquist diagrams obtained on a Ni electrode at various potentials in (a) 1 M KOH alkaline solution and (b) alkaline solution with
addition of 1 M of ethanol. (Z', Z") Real and imaginary components of the impedance.

Electrochemical impedance spectra were obtained
on all the nickel electrodes in alkaline 1 M KOH
solutions and alkaline solutions of the alcohols. Figure
4 shows Nyquist diagrams obtained on a Ni electrode at
various potentials in a 1 M KOH solution (Fig. 4a) and
in an alkaline solution with addition of 1 M of ethanol
(Fig. 4Db).

It is noteworthy that the run of the Nyquist diagrams
varies with the electrode potential and solution
composition. In all of the solutions studied, the Nyquist
diagrams obtained on nickel electrodes at the potentials
at which no Faraday processes are observed in the
CVA curves (—0.4...40.3 V) are linear. At more positive
potentials, semi-circles corresponding to the occurrence
of a charge-transfer process at the electrode appear in
the Nyquist diagrams. In addition, negative values of the
real component of the impedance are observed in alcohol
solutions at potentials corresponding to the descending
branch of alcohol oxidation in the CVA curve. At even
more positive potentials, when a next Faraday process
starts to occur at the electrode, semi-circles are again
observed in the Nyquist diagrams.

When obtaining the electrochemical impedance
spectra, we preliminarily polarized the electrodes during
500 s at a required potential until a steady-state current
was attained. We plotted dependences of the steady-
state currents on the potentials at which these currents
were attained. Figure 5 shows dependences of this kind,
obtained on a nickel electrode in a 1 M KOH solution
(Fig. 5a) and in a solution of 1 M KOH + 1 M ethanol
(Fig. 5b).

It can be seen in Fig. 5 that the steady-state currents

are extremely low at potentials in the range in which
there are no Faraday processes at the nickel electrode.
At potentials of nickel recharging and alcohol oxidation,
the steady-state currents sharply grow. In this case, the
steady-state currents in alcohol-containing solutions
pass through a maximum.

Comparison of the dependences in Figs. 4 and 5
shows that an increase in the steady-state currents is
observed at positive potentials in a 1 M KOH solution
(Fig. 5a), which is correlated with the appearance of
semi-circles in the Nyquist diagrams (Fig. 4a). The
steady-state currents in alcohol-containing solutions
pass through a maximum with increasing positive
value of the potential (Fig. 5b). The decrease in the
steady currents is accompanied by the appearance of
negative values of the real component of the impedance
in the Nyquist diagrams (Fig. 4b). At the most positive
potentials, when the next electrode process starts to
occur, the steady-state currents again increase, which
is accompanied by the appearance of semi-circle in the
Nyquist diagrams.

No influence of the thickness of the nickel deposit on
the run of the dependences obtained was observed.

The experimental data obtained on the nickel
electrode in the 1 M KOH solutions indicate that the
surface layer of nickel hydroxide s changed in the
course of electrochemical measurements. In this case,
both conversion of nickel hydroxide from one phase into
the other [from the a-Ni(OH), phase to the B-Ni(OH),
phase] in a cathodic sweep of the potential (Fig. 1) and,
presumably, a slow growth of the nickel hydroxide layer
on the electrode surface are observed. The formation
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Fig. 5. Dependence of the steady-state current on the potential for a NI electrode in (a) 1 M KOH alkaline solution and (b) 1 M KOH

alkaline solution + 1 M ethanol.

of a bulk layer of nickel hydroxide is evidenced by the
slope ratios of the linear dependences in the coordinates
In /,-InV (0.7-0.8), found from CVA curves for peaks of
nickel recharging in a 1 M KOH solution. For example,
according to Laviron [22], a directly proportional
dependence of the peak current on the potential sweep
rate must be observed for charge-transfer processes in
the adsorbed state. If the process occurs with diffusion
hindrance, the slope ration of the corresponding
dependence must be 0.5 [23]. The intermediate value
we obtained is in good agreement with the results of the
study [12] in which the nickel recharging process in a
1 M KOH solution was studied in an exceedingly wide
range of potential sweep rates (0.002-2.0 V s-1). The
authors of [12] obtained a dependence of the current
of the nickel recharging peaks on the potential sweep
rate on the surface of an electrode containing about 65
monolayers of nickel, which had two linear portions
with slope ratios of 1.0 at potential sweep rates of 0.002—
0.040 V s~ and 0.5 at higher potential sweep rates.

The diffusion hindrance is presumably created in
nickel recharging by the nickel hydroxide layer because
no diffusion limitations were found for the solution. This
was confirmed in [20] by demonstrating on a rotating
disk electrode that the recharging peaks are independent
of its rotation speed.

A study in alkaline solutions with addition of
alcohols demonstrated the following. In full agreement
with published data, the cyclic voltammetric curves for
oxidation of alcohols on a nickel electrode in alkaline
solutions indicate that the oxidation of alcohols occurs
on the oxidized surface of the nickel electrode. There

are several approaches in the literature to description
of the mechanism by which alcohols are oxidized on
nickel. For example, Fleischmann and co-workers
[1] suggested a mechanism of alcohol oxidation with
simultaneous reduction of Ni(III) to Ni(II), described by
the equation

NiO(OH) + organic compound
— Ni(OH), + product )

In [12], it was suggested to describe the oxidation
of alcohols at more positive potentials in terms of the
mechanism of electrochemical oxidation of an alcohol
at active areas of the oxidized nickel surface by the
reactions

Ni3* — methanol — Ni3* — intermediate + e, 3)

Ni3* — intermediate — Ni3* — products + e. 4)

The results obtained in the present study: the
coincidence of the potentials of the alcohol oxidation
peaks in potential sweep in the anodic and cathodic
directions; slope ratios of the dependences of the peak
current on the potential sweep rate in the In/—InV
coordinates, equal to 0.2—0.3; and the dependence with
a maximum of steady-state currents on the potential
(Fig. 5b), may indicate that the oxidation of alcohols
occurs in their adsorbed state, has no diffusion limitation
from the solution, and is controlled by processes
occurring in the surface film of nickel hydroxide. The
recharging of nickel hydroxide in alkaline solutions
may occur via formation of intermediate products in
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accordance with the equation

Ni(OH), — e 5 Ni(OH);, )
Ni(OH); + OH- 5 Ni(OH);, (©6)
Ni(OH); 5 NiOOH + H,0. (7)

It can be assumed that alcohols are oxidized on
the nickel surface via interaction of an alcohol with
intermediate compounds in the hydroxide film of nickel
in an alkaline solution.

CONCLUSIONS

(1) A nickel hydroxide film slowly grows on the
surface of a nickel electrode in an alkaline solution.
This film can be regarded as a polymeric film with redox
properties.

(2) Oxidation of alcohols on a nickel electrode in
alkaline solutions is only observed on the oxidized
surface of nickel, in agreement with published data.

(3) The decrease in the steady-state currents of
alcohol oxidation is accompanied by the appearance of
negative values of the real component of the impedance
in Nyquist diagrams.

(4) The oxidation ofalcohols may occur viainteraction
with intermediate compounds in the hydroxide film of
nickel n alkaline solutions.

REFERENCES

1. Fleischmann, M., Korinek, K., and Pletcher, D., J.
Electroanal. Chem., 1971, vol. 31, pp. 39-49.

2. Vertes, G. and Horanyi, G., J. Electroanal. Chem., 1974,
vol. 52, pp. 47-53.

3. Rahim, M.A.A., Hameed, R.M.A., and Khalil, M.W., J.
Power Sources, 2004, vol. 134, pp. 160—169.

4. Xu, C., Hu, Y., Rong, J., et al., Electrochem. Comm.,
2007, vol. 9, pp. 2009-2012.

5.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22,

23.

NIKIFOROVA et al.

Gobal, F., Valadbeigi, Y., and Kasmaee, L.M., J
Electroanal. Chem., 2011, vol. 650, pp. 219-225.

. Golikand, A.N., Shahrokhian, S., Asgari, M., et al., J.

Power Sources, 2005, vol. 144, pp. 21-27.

. Spinner, N. and Mustain, W.E., Electrochim. Acta, 2011,

vol. 56, pp. 5656—-5666.

. Li, H, Liu, S., Huang, C., et al., Electrochim. Acta, 2011,

vol. 58, pp. 89-94.

. Albu, C., Deconinck, D., Hotoiu, L., et al., Electrochim.

Acta, 2013, vol. 89, pp. 114-121.

Karichev, Z.R., Tarasevich, M.R., Efremov, B.N., et al.,
Elektrokhimiya, 2005, vol. 41, no. 12, pp. 1422-1430.
Aal, A.A., Hassan, H.B., and Rahim, M.A.A., J.
Electroanal. Chem., 2008, vols. 619-620, pp. 17-25.

Danaee, 1., Jafarian, M., Mirzapoor, A., etal., Electrochim.
Acta, 2010, vol. 55, pp. 2093-2100.

Wang, Y., Zhang, D., Peng, W., et al., Electrochim. Acta,
2011, vol. 56, pp. 5754-5758.

Doner, A., Telli, E., and Kardas, G., J. Power Sources,
2012, vol. 205, pp. 71-79.

Asgari, M., Maragheh, M.G., Davarkhah, R., et al,
Electrochim. Acta, 2012, vol. 59, pp. 284-289.

Azizi, S.N., Ghasemi, S., and Chiani, E., Electrochim.
Acta, 2013, vol. 88, pp. 463—472.

Lo, Y.L. and Hwang, B.J., J. Electrochem. Soc., 1995,
vol. 142, no. 2, pp. 445-450.

. Jin, G.-P,, Ding, Y.-F., and Zheng, P.-P., J. Power Sources,

2007, vol. 166, pp. 80-86.

Nikiforova, T.G., Savel’eva, T.V., and Datskevich, O.A.,
Zh. Prikl. Khim., 2011, vol. 84, no. 8, pp. 1282-1288.
Nikiforova, T.G., Datskevich, O.A., and Malev, V.V., Zh.
Prikl. Khim., 2012, vol. 85, no. 12, pp. 1983-1990.

Marozzi, C.A. and Chialvo, A.C., Electrochim. Acta,
2000, vol. 45, pp. 2111-2120.

Laviron, E., Interfacial Electrochem., 1974, vol. 52,
p. 355.

Bard, A.J. and Faukner, L.R., Electrochemical Methods:

Fundamentals and Applications, New York: J. Wiley &
Sons, 1980.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 86 No. 11 2013




<<
  /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


