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One of the most promising ways of producing syn-
thesis gas is by MSR. To carry out the endothermic
reaction of methane steam reforming (MSR), intensive
heat transfer from an outer source to the reaction zone
is required. Therefore, the catalyst must have a high
thermal conductivity. It is most promising to use cata-
lysts on metallic supports. There are several works in
which MSR was carried out using catalysts on metallic
supports [1–4]. Test data for a nickel composite catalyst
reinforced with a stainless steel network were reported
in [1]. That catalyst was obtained by sintering metallic
nickel and supported nickel catalyst powders and a
chromium oxide admixture. Ismagilov et al. [2, 3]
tested an MSR catalyst composed of porous nickel with
an oxide underlayer and supported nickel. A catalyst
obtained by supporting nickel oxide onto porous
nichrome containing a zirconium oxide underlayer has
been patented [4]. A composite MSR catalyst can be
obtained by capsulation of lanthanum nickelate parti-
cles in a cermet obtained by the hydrothermal oxidation
of porous aluminum [5].

Magnesium oxide is often used as a support of
nickel catalysts for MSR. It shows high thermal stabil-
ity, reduces carbonization owing to the basic properties
of its surface [6–9], and readily forms solid solutions
with nickel oxide due to the similarity of their structure
parameters, making it possible to obtain fine nickel
crystallites [6, 10].

In this work, we consider the influence of prepara-
tion conditions on the phase composition and texture of
porous nickel supports with a magnesium oxide cata-
lyst carrier and on the catalytic properties of catalysts
obtained on these supports in MSR.

EXPERIMENTAL

Nickel catalysts were prepared on porous nickel
(pNi) supports as 1-mm-thick plates obtained by rolling
[11]. The supports had a specific surface area of
0.13 m

 

2

 

/g. The magnesium oxide underlayer (5 wt %)
was obtained by impregnating the support with a

 

Mg(NO

 

3

 

)

 

2

 

 solution followed by drying and calcination
at 

 

550°C

 

 in flowing 

 

N

 

2

 

 (support I) or H

 

2

 

 (support II).
Nickel was supported using a 

 

Ni(NO

 

3

 

)

 

2

 

 solution fol-
lowed by drying and calcination at 

 

450°C

 

 in an 

 

N

 

2

 

 flow.
The catalysts were reduced in flowing 

 

ç

 

2

 

 at 

 

750°C

 

. The
nickel content of the reduced catalysts was 5–9 wt %.

The specific surface area and the pore radius distri-
bution were determined by means of low-temperature
nitrogen absorption at 77 K using an ACAP-2400
Micromeritics precision instrument. For a number of
samples, the total pore volume and the pore radius dis-
tribution were determined using mercury porosimetry.
Particle morphology was examined by scanning elec-
tron microscopy (SEM) and transmission electron
(TEM) microscopy using REM-100U and JEM-2010
instruments with a lattice resolution of 0.14 nm. The
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Abstract

 

—The influence of synthesis conditions on the phase composition and texture of porous nickel sup-
ports as plates with a magnesium oxide underlayer were investigated by X-ray diffraction, low-temperature
nitrogen absorption, and electron microscopy combined with X-ray microanalysis. Nickel catalysts supported
on these plates were studied. Thermal treatment of Mg(NO

 

3

 

)

 

2

 

 in nitrogen yields a magnesium oxide underlayer
with a small specific surface area (support I). The replacement of nitrogen with hydrogen leads to a larger sur-
face area (support II). The formation of MgO is accompanied by the incorporation of Ni

 

2+

 

 cations from the
oxide film into the underlayer. Upon subsequent reduction with hydrogen or under the action of the reaction
medium, these cations form fine crystallites of nickel. The supports having an oxide underlayer show a higher
activity in methane steam reforming than the initial metallic nickel. Nickel catalysts on supports I and II show
similar activities. The activity of the catalysts was stable throughout 50-h-long tests; no carbon deposits were
detected by TEM.
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energy-dispersive X-ray fluorescence microanalysis
(EDX) of some samples was done using an EDAX
energy-dispersive spectrometer with a Si(Li) detector
with an energy resolution of 130 eV.

Phase analysis was done using X-ray diffraction pat-
terns obtained on an HZ-4 diffractometer (monochro-
mated 

 

Cu

 

K

 

α

 

 radiation).
Catalyst activity in the MSR reaction was measured

by the circulating flow method under atmospheric pres-
sure at 

 

ç

 

2

 

é/ëç

 

4

 

 = 2 mol/mol, 

 

T

 

 = 

 

750°C

 

, and an initial
mixture flow rate of 11.8 l/h using a stainless steel reac-
tor (volume of 34 cm

 

3

 

, diameter of 22 mm). The cata-
lysts based on porous nickel were tested as plates (

 

20 

 

×

 

35 

 

×

 

 1

 

 mm, 0.7 cm

 

3

 

) or as a 0.25–0.50 mm size fraction
(sample weight of 0.8 g). The commercial catalyst
NIAP-18 [12] was tested as a 0.25–0.50 mm size frac-
tion (sample weight of 0.8 g) or as 1/2 of the natural
grain (hollow cylinder with an outer diameter of
1.5 cm, an inner diameter of 0.6 cm, a height of
0.48 cm, and a volume of 0.7 cm

 

3

 

). Before activity
measurements, the samples were reduced in an H

 

2

 

 flow
at 750

 

°

 

C for 1 h. Next, hydrogen was replaced with the
reaction mixture and measurements were taken after
1 h. The composition of reaction mixtures was deter-
mined chromatographically. Catalytic activity mea-
surements for the empty reactor showed that the meth-
ane conversion was less than 1%.

RESULTS AND DISCUSSION

 

Phase Composition and Texture

 

X-ray diffraction revealed the nickel phase in the
metallic supports. In support I, the NiO and MgO
phases with a unit cell parameter of 4.206 Å were addi-
tionally identified (Table 1). This indicated the forma-
tion of a solid solution of NiO in MgO. Furthermore,
the sample contained traces of the MgO precursor,
apparently magnesium hydroxide nitrate, which

showed itself as very weak diffraction peaks. In
support II, the Ni and MgO phases with a unit cell
parameter of 4.218 A were identified. In the reduced
catalysts (

 

750°C, ç

 

2

 

) containing 5.0–8.7 wt % Ni on
supports I and II, nickel and a solid solution of NiO in
MgO with a unit cell parameter much smaller than that
of pure MgO (Table 1) were observed. According to the
literature, the unit cell parameter of MgO is 

 

4.211 

 

Å
[13] and that of NiO is 

 

4.177 

 

Å [14]. The presence of
the 

 

Ni

 

x

 

Mg

 

1 – 

 

x

 

O

 

 solid solution after reductive treatment
(

 

750°C, ç

 

2

 

) is explained by the fact that the 

 

Ni

 

2+

 

 cations
built in the lattice of the difficult-to-reduce oxide MgO
are more resistant to reduction (magnesium is charac-
terized by a higher heat of oxide formation than nickel
[15]). The increase in the reduction temperature of NiO
upon the formation of the 

 

Ni

 

x

 

Mg

 

1 – 

 

x

 

O

 

 solid solution is
demonstrated in works [6–10].

The metallic support has a macroporous structure
with a small total pore volume: according to mercury
porosimetry data, most of the pore volume is due to the
pores with a radius of 5 to 30 

 

µ

 

m (Fig. 1). The
macroporous nature of the support is confirmed by
SEM data (Fig. 2): the support has a corpuscular porous
structure formed by 3- to 10-

 

µ

 

m round crystal blocks
intergrown at contact sites.

According to SEM data, magnesium oxide forms a
2- to 3-mm-thick loose and porous layer completely
covering the pore walls. In the case of support II,
according to low-temperature nitrogen absorption data,
the MgO underlayer has fine pores with an average
diameter of 40 to 80 Å (Fig. 3). The specific surface

 

Table 1.  

 

Unit cell parameters of MgO in the catalysts

Catalyst

 

a

 

MgO

 

, Å

pNi + 5.0% MgO (I) 4.206

pNi + 5.0% MgO (II) 4.218

5.0% Ni/(pNi + 5.0% MgO) (I) 4.201

7.2% Ni/(pNi + 5.0% MgO) (II) 4.205

8.7% Ni/(pNi + 5.0% MgO) (II) 4.194
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Fig. 1.

 

 Pore volume distribution over pore radius: (

 

1

 

) pNi,
(

 

2

 

) pNi + 5.0% MgO (II), and (

 

3

 

) 7.2% Ni/(pNi + 5.0%
MgO) (II).

 

1 

 

µ

 

m

 

Fig. 2.

 

 TEM image of porous nickel metal.
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area of the underlayer is 7.7 m

 

2

 

/g (Table 2). The
replacement of hydrogen with dry nitrogen results in an
abrupt decrease in the proportion of fine pores and in
the specific surface area down to 0.8 m

 

2

 

/g (Fig. 3,
Table 2). The possible causes of the observed changes
in the specific surface area are as follows: firstly the
incomplete decomposition of the initial 

 

Mg(NO

 

3

 

)

 

2

 

 in
the 

 

N

 

2

 

 flow at a short calcination time [16], as distinct
from calcination in flowing hydrogen (a more intensive
dehydration of chromium oxide in flowing hydrogen
was observed in [17]); secondly, the formation of a sur-
face structure with a higher defect concentration;
thirdly, in flowing hydrogen, the amount of water vapor
in the pores decreases more sharply and, accordingly,
the sintering of MgO particles slows down because of
the higher diffusion rate of hydrogen.

According to TEM data, the MgO underlayer on
supports I and II consists of aggregates with a size of

 

500–1500 

 

Å formed from initial particles 

 

20–70 

 

Å in
size. The TEM images of the MgO underlayer (I and II)
do not show any separate nickel particles, but only
sparse aggregates (

 

~1000 

 

Å), which likely separated
from the metallic support during sample preparation.
For supports I and II, the EDX spectra of MgO indicate
nickel traces (

 

~

 

2 at %) as weak lines (Figs. 4a, 4b). The
intensities of the nickel lines in EDX spectra from dif-
ferent MgO areas differ, testifying to different extents
of interaction between MgO and NiO from the oxide
during heating. It is likely that MgO and NiO particles
being in contact interact to yield surface solid solutions
or surface compounds [6, 18]. The MgO particles
remote from the NiO surface do not react with NiO and
do not contain nickel. The general idea of the mecha-
nism of oxide interaction boils down to the cross diffu-
sion of 

 

Mg

 

2+

 

 and 

 

Ni

 

2+

 

 cations with oxygen ions remain-
ing fixed. The possibility of interaction between NiO
and MgO upon heating in hydrogen at 

 

250–400°C

 

 is
confirmed by data reported in [18], out of which the
authors infer that the diffusion of 

 

Ni

 

2+

 

 cations to the
near-surface layer of MgO occurs simultaneously with
their reduction. This also follows from the results
reported in [19].

Upon further reduction (

 

750°C, ç

 

2

 

), fine crystallites
of nickel (

 

20–70 

 

Å) (Fig. 4c) form on the MgO surface
of support I, as is indicated by TEM data; nickel on the
MgO surface of support II is still detected only by EDX
spectroscopy (Fig. 4d), but nickel crystallites with a
size of 

 

20–70 

 

Å appear in the sample tested in the reac-
tion (Fig. 4e). It can be concluded that the fine crystal-
lite of nickel results from the interaction between NiO
and MgO. High-resolution TEM shows (Fig. 4e) that
the crystallized nickel particles are covered with an
oxide layer ~2 nm in thickness. The interplanar spacing
in the oxide layer (0.21 nm) is in good agreement with
the [002] interplanar spacing in the face-centered struc-
ture of nickel oxide [14]. It should be noted that, as a
result of reduction with H

 

2

 

 at 750

 

°

 

C, the MgO agglom-
erates (support II) are enriched with nickel (Fig. 4d).

The specific surface area of the reduced catalyst and
the nickel particle size for supports I and II are similar
(Table 2). The similarity of the texture parameters of
the nickel catalysts on supports I and II is seemingly
due to the rehydration of a considerable part of the
magnesium oxide upon impregnation with aqueous

 

Ni(NO

 

3

 

)

 

2

 

 [20–22]. As the impregnated catalysts are
heated to 

 

450°C

 

 in flowing nitrogen and from 450 to

 

750°C

 

 in flowing hydrogen, a porous structure more
similar in parameters to the initial supports I and II
forms there (Table 2).

TEM data (Fig. 5) indicate the epitaxial growth of
nickel on the MgO surface [23]: the [111] face of MgO
stabilizes the [111] face of Ni. The images of the nickel
particles in contact with MgO show a moiré fringe pat-
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Fig. 3. Pore volume distribution over pore diameter:
(1) pNi + 5.0% MgO (550°C, N2) and (2) pNi + 5.0% MgO
(550°C, H2).

Table 2.  Texture parameters of the catalysts

Catalyst Ssp, m2/g DNi, Å*

pNi + 5.0% MgO (I) 0.8 –

pNi + 5.0% MgO (I)** 1.2 25–70

pNi + 5.0% MgO (II) 7.7 –

pNi + 5.0% MgO (II)** 7.3 –

5.0% Ni/(pNi + 5.0% MgO) (I)** 2.4 50–100

7.8% Ni/(pNi + 5.0% MgO) (I)** 1.6 50–200

5.7% Ni/(pNi + 5.0% MgO) (II)** 2.7 50–100

7.2% Ni/(pNi + 5.0% MgO) (II)** – 50–200

8.7% Ni/(pNi + 5.0% MgO) (II)** 2.8 100–200

  * The samples were reduced at 750°C in hydrogen.
** Dominant nickel particle size on the MgO surface according to

TEM data.
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tern [24]. Crystal faces were indexed using interplanar
spacing data obtained by high resolution TEM.

Catalytic Activity

Table 3 contains methane conversion data for gran-
ular nickel catalysts. The conversion value for the ini-
tial nickel support is 20% and increases to 52 and 65%
upon the introduction of the MgO (I) and MgO (II)
underlayers, respectively. The growth of conversion
upon MgO introduction is evidently due to the interac-
tion between NiO and MgO yielding solid solutions,
which yield fine nickel crystallites under the action of
hydrogen or the reaction medium. The higher activity

of the MgO-containing sample obtained by calcination
in hydrogen is possibly due to the smaller size of the
nickel crystallites forming from the reduction-resistant
surface compounds under the action of the reaction
medium and to the higher nickel content (Fig. 4d).
Additional supporting of nickel raises the methane con-
version. The nickel catalysts on supports I and II afford
comparable conversions because of the similar average
sizes of the supported nickel particles. As the nickel
content is increased from 5 to 8–9 wt %, the activity of
the catalyst increases slightly (Table 3) because of the
coarsening of the nickel particles and the slowdown of
the growth of the catalyst surface area per unit weight
of the catalyst.
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Fig. 4 TEM images of the MgO underlayer on supports (a) I and (b) II obtained by Mg(NO3)2 decomposition at 550°C in flowing
(a) N2 and (b) H2; (c) support I after additional reduction at 750°C in H2; (d) support II after additional reduction at 750°C in H2;
(e) support II after testing in the MSR reaction.
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According to TEM data, the supported catalysts
tested in MSR contain fine nickel crystallites (~20 Å);
according to X-ray diffraction data, they do not contain
the solid solution phase. It is likely that, under the action
of the reaction medium, the reduction of nickel oxide
from the reduction-resistant solid solution yielding fine-
grained nickel takes place in the supported catalysts.

In this case, NiO is reduced not by dihydrogen, but
by H atoms forming in the reaction. Additional heat

treatment of the supported catalyst at 550°C in flowing
argon for 2 h after an MSR test leads to the partial oxi-
dation of the nickel crystallites and to a decrease in the
proportion of crystallites being in epitaxial contact with
the MgO underlayer (Fig. 6a). The epitaxial interaction
of nickel with the underlayer occurs mainly in the case
of the finest Ni particles 20–50 Å in size. When in con-
tact with the underlayer, small particles may flatten.
According to electronic microscopy data, a polycrystal-
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line NiO layer ~20 Å in thickness forms on larger
nickel crystallites 100–300 Å in size, while the smallest
nickel particles (20–50 Å) do not oxidize, and no oxide
layer forms on them. Above, we have already men-
tioned that the presence of nickel oxide is evident from
the direct resolution of the lattices planes of the metal
and the oxide in the TEM images. Figure 6 shows TEM
images (high resolution image in Fig. 6b) demonstrat-
ing that all fine nickel crystallites are in the metallic
state and contain no oxide layer on their surface. To
explain this phenomenon, we assumed that the oxida-
tion of finely divided nickel is suppressed by the inter-
action of the nickel metal clusters with the MgO sur-
face. It is possible that nickel is oxidized by surface
oxygen ions of the underlayer at the metal/oxide inter-
face and, as a consequence, the electron density is
shifted towards the underlayer [26]. The cluster has the
Fm3m structure of metallic nickel, but the resulting
positive charge (δ+ < 2+) prevents the oxidation of its
outer surface and NiO formation.

Figure 7 shows the dependence of the methane con-
version on the duration of the reaction on supported
nickel catalysts.

Clearly, the catalysts show stable activity through-
out the testing time (50 h). No carbon deposits were
observed by TEM in tested samples. It is likely that the
hydroxylation of the magnesium oxide surface [27–29]
contributes to the coking resistance of the catalysts.
Mobile hydroxyl groups migrate to the nickel surface
and oxidize the methyl radicals (carbon) forming there
[27, 29]. Furthermore, a considerable part of the nickel
metal crystallites in the catalysts results from the reduc-
tion of the solid solution of NiO in MgO (Table 1) and
of surface compounds (Figs. 4a, 4b). It can be assumed
that the fine crystallites being formed interact with the
underlayer and have catalytic properties different from
those of the coarse crystallites. The interaction of the
fine nickel particles with the underlayer is confirmed by
high-resolution TEM data (Fig. 6b) indicating the
absence of the oxide phase in these particles after calci-
nation in argon. An increase of the coking resistance in

the case of the solid solution of NiO in MgO being the
precursor of the active component was demonstrated in
[8, 30, 31]. The stable performance of a nickel catalyst
obtained by the reduction of the Ni0.03Mg0.97O solid
solution was observed in [8]: at 850°C and ç2é/ëç4 =
1 mol/mol, the activity of the catalyst was invariable
throughout the test (65 h). It is suggested that the sup-
pression of coking is due to the interaction between the
fine nickel particles resulting from reduction and the
oxide underlayer [30]. The influence of the interaction
between the catalyst and the support on the coking
resistance is also assumed in [32, 33]. Taking into con-
sideration the results reported in [34], one can deduce
that, in the catalysts examined, the epitaxial binding of
finely divided nickel by the MgO underlayer (Fig. 5)
also leads to a change in its catalytic properties and sup-
presses its activity in the reactions leading to carbon
formation.

20 nm

Fig. 5. TEM image of the supported catalyst 5.0% Ni/(pNi +
5.0% MgO) (I).

     
Table 3.  Catalytic activity of the nickel catalysts in MSR

Catalyst

M
et

ha
ne

co
nv

er
si

on
, %

k*,
cm3 (g Cat)–1 atm–1 s–1

pNi 20 1.0

pNi + 5.0% MgO (I) 52 4.5

pNi + 5.0% MgO (II) 65 7.7

5.0% Ni/(pNi + 5.0% MgO) (I) 70 9.6

7.8% Ni/(pNi + 5.0% MgO) (I) 72 10.6

5.7% Ni/(pNi + 5.0% MgO) (II) 73 11.1

7.2% Ni/(pNi + 5.0% MgO) (II) 72 10.6

8.7% Ni/(pNi + 5.0% MgO) (II) 76 13.1

* The rate constant of the reaction (k) at 750°C was estimated using
a rate equation first-order with respect to methane.

2 nm

20 nm

(a)

(b)

Fig. 6. TEM image of the supported catalyst 5.7% Ni/(pNi +
5.0% MgO) (II) tested in the MSR reaction and additionally
treated in flowing Ar at 550°C for 2 h: (a) nickel crystallites
on the MgO surface; (b) high resolution TEM image of a
fine nickel crystallite having epitaxial contacts with MgO.
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For the catalyst containing 7.2 wt % Ni (plate), the
observed methane conversion and the product compo-
sition are close to their equilibrium values. A compari-
son between the nickel catalysts prepared and the com-
mercial catalyst NIAP-18 shows that the activity of the
former per unit volume is higher (Fig. 7).

Thus, the nickel catalysts supported on porous
nickel plates with a MgO underlayer show stable activ-
ities in MSR and are resistant to coking.
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Fig. 7. Methane conversion versus time on stream: (1) 5.0%
Ni/(pNi + 5.0% MgO) (I) (plate, V = 0.7 cm3, m = 3.29 g);
(2) 5.7% Ni/(pNi + 5.0% MgO) (II) (plate, V = 0.7 cm3, m =
3.28 g); (3) 7.2% Ni/(pNi + 5.0% MgO) (II) (plate, V =
0.7 cm3, m = 3.07 g); (4) commercial catalyst NIAP-18
(particle size fraction 0.25–0.50 mm, m = 0.80 g); (5) com-
mercial catalysts NIAP-18 (1/2 of the natural grain, V =
0.7 cm3, m = 1.46 g).



<<
  /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 /Warning
  /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
  /SyntheticBoldness 1.00
  /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
  ]
  /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

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


