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Nano-sized Beta zeolites, with a crystal size of 80–100 nm, were synthesized via surface wet method. The nano-sized HBeta

zeolites exhibit much higher activity and stability in the Friedel–Crafts acylation of anisole and toluene with acetic anhydride than

the conventional zeolites of large particle size. The small crystal size of nano-sized zeolites may bring on more accessible active sites

and then enhance the catalytic activity. The exposed pore openings in nano-sized zeolites allow a fast desorption of heavy products

from the catalyst and can then reduce the occupancy of active sites by the adsorption of products; this can then alleviate the catalyst

deactivation and improve the catalyst stability.
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1. Introduction

The Friedel–Crafts acylation of aromatic compounds
is one of the most important routes for the synthesis of
aromatic ketones intermediates in the fine chemical and
pharmaceutical industry [1]. In a conventional homog-
enous process, aromatics and carboxylic acid derivatives
are used as reactants and Lewis acid anhydrous metal
halides as catalysts, which may cause serious corrosion
and pollution problems [2]. Therefore, considerable
efforts have been made to develop heterogeneous pro-
cesses using solid acid catalysts such as zeolites, clays
and heteropolyacids [3–10]; of them, especially, zeolites
combine acidic properties with shape selectivity and
exhibit accordingly good catalytic activity and selectivity
in the acylation of aromatic compounds. However, the
solid acid as acylation catalyst often suffers from fast
deactivation and then needs frequent regeneration,
mainly owing to the stable adsorption of heavy products
and the permanent deposition of carbonaceous sub-
stances on the catalyst that may block the accesses that
reactants need to the active sites in the catalyst [11].

Zeolites with a small particle size have exhibited
attractive performances in a series of catalytic reactions
such as hydrocracking of crude oil, hydroxylation of
phenol, isomerization of xylene, and oligomerization of
ethylene [12–15]; the decrease in the crystal size of zeolites
can effectively improve their catalytic activity and stabil-

ity. It is then expected that both activity and stability may
be improved by using the zeolites of small crystal size and
large external surface as catalysts in the Friedel–Crafts
acylation, because the small-sized zeolites can bring on
more accessible active sites and the exposed pore openings
allow a fast diffusion and desorption of heavy products
from the catalysts. However, there are few reports
concerning the application of nano-sized zeolites in the
Friedel–Crafts acylation.

In this work, the nano-sized Beta zeolites were syn-
thesized and used as catalysts in the Friedel–Crafts
acylation of anisole and toluene with acetic anhydride.
The influences of particle size on the catalytic perfor-
mances were investigated through comparing acylation
reaction behaviors over HBeta zeolites of different sizes
from nanometers to micrometers.

2. Experimental

2.1. Zeolites synthesis

For the synthesis of zeolites, tetraethylammonium
hydroxide (TEAOH) (mass fraction w > 25.0%) from
Tianjin Guangfu Institute of Fine Chemistry, NaOH
(w > 96.0%) and sodium metaaluminate NaAlO2

(Al2O3 > 41.0%) from Tianjin Hengxing Chemical
Reagent Co., and silica gel (SiO2 > 96.3%) provided
by Qingdao Haiyang Chemical Plant were used.

The nano-sized (denoted as bS) and medium sized
(denoted as bM) Beta zeolites were synthesized via
surface wet method by controlling the content of
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TEAOH [16]. The molar composition of the precursor
solution for nano-sized Beta is 1.95 Na2O:3.8 TEA-
OH:33 SiO2:1 Al2O3:100 H2O, while for the medium
sized Beta zeolites it is 1.95 Na2O: 2.8 TEAOH:33
SiO2:1 Al2O3:100 H2O. After intensive stirring for 0.5 h
at room temperature, the precursor solution was intro-
duced into a 100 ml Teflon-lined stainless steel autoclave
and crystallized at 170 �C for 26 h. After that, the
as-synthesized zeolites were filtered, dried at 120 �C
overnight and calcined at 550 �C for 6–12 h.

For comparison, Beta zeolites of large particle size
(denoted as bL) were also prepared by nucleation gel
method with the molar composition of the precursor
solution being 3.1 Na2O:33 SiO2:1 Al2O3:6.0 TEA-
OH:15 (NH4)2O:650 H2O [17].

Beta zeolites as-synthesized were ion-exchanged with
NH4NO3 (1 M, 150 ml for 10 g zeolite sample) at 90 �C
to obtain NH4-form samples, which were calcined in air
at 550 �C for 3 h to obtain H-form zeolites HBeta. The
powder zeolites were further tableted and crushed to
granules of 0.4–1 mm for catalytic tests.

2.2. Catalyst characterization

XRD characterization was performed on a powder
X-ray diffractometer (Shimadzu 6100) with a mono-
chromated CuKa radiation source (0.15418 nm, 40 kV
and 30 mA). Relative crystallinity was extracted by
using the most intense diffraction peak at 2h of 22.5�,
taking the integrated intensities of sample bM as the
standard 100 [18].

BET surface area of the catalysts was measured by
nitrogen adsorption at )196 �C with ASAP 2000
(Micromeritics Instrument Co.). The samples were
degassed at 200 �C and 6.7 Pa for 2 h prior to the
measurement.

NH3-TPD was conducted on a multiple adsorption
apparatus TP 5000-II (Tianjin Xianquan Corporation of
Scientific Instruments). The measurement was per-
formed in a quartz microtubular reactor. For each run,
about 50 mg sample (40–60 mesh) was first pretreated in
an argon flow (30 ml/min) at 550 �C for 2 h and then
cooled down to 100 �C. NH3 was then injected to the
reactor to start the NH3 adsorption. After the sample
was saturated with NH3 adsorption, the excessive NH3

was swept away with the argon flow at 120 �C for
30 min. Then the NH3-TPD is performed from 120 to
700 �C with a heating rate of 10 �C; the signal of NH3

desorption was detected by a thermal conductivity
detector at the outlet and the effluent was further
introduced to an aqueous HCl solution to absorb the
desorbed NH3 that can be titrated by NaOH solution to
measure the density of acid sites.

Transmission electron microscopy (TEM) was
performed at a JEM-2000EX microscope operated at
200 kV. For TEM analyses, the samples were prepared
by sonicating in ethanol for 5 min, followed by

depositing one drop of the resulted suspension on a
holey copper grid.

UV–VIS spectra were measured with a UV–VIS
spectrometer (CARY 300, with an integrated sphere
CA-30I, Varian).

Thermogravimetric analysis combined with mass
spectra (TG-MS) was carried out on a thermogravime-
ter (TGA 92, Setaram Co.) under air (40 ml/min) within
the temperature range of 30–800 �C at a heating rate of
10 �C/min, and the effluent was monitored with a mass
spectrometer (QEM 200).

2.3. Reaction and analytical procedures

For the catalytic tests and analysis, anisole
(w > 98.0%), toluene (w > 98.0%), p-methylacetophe-
none (p-MAP,w> 98.0%) and p-methoxyacetophenone
(p-MOAP, w > 98.0%) from Shanghai Chemical
Reagent Corporation, and acetic anhydride (w> 98.6%)
provided byTianjin Tian-DaChemical Corporationwere
used.

The acylation of toluene with acetic anhydride was
carried out in a 20 ml stainless steel autoclave equipped
with a stirrer. Before each test, 0.1 g catalyst (calcined
HBeta zeolites), 60 mmol toluene and 6 mmol acetic
anhydride were charged into the autoclave. The mixture
was then stirred intensively at 130 �C and 0.13 MPa for
a period of 3 h. After that, the reactor was cooled down
and the resultants were subjected to analysis with a FID
gas chromatograph (Shimadzu GC-14B) equipped with
a 60 m� 0.25 mm OV-101 capillary column.

The acylation of anisole with acetic anhydride was
carried out in a fixed-bed reactor with an inner diameter
of 6 mm and length of 300 mm. About 0.5 g catalyst
was loaded for each test, and a flow of N2 (23 ml/min)
was used as a carrier and diluting gas. The reactant
mixture with a molar ratio of anisole to acetic anhydride
being 5 was pressurized to the reactor by a metering
pump with a liquid flow rate of 5 ml/h. The reaction was
conducted at 3.7 MPa and 120 �C. The effluents were
decompressed through a backpressure regulator, and
liquid products and unreacted reactants were condensed
in a trap with an ice water bath, which were then
analyzed with the gas chromatograph.

3. Results and discussion

3.1. Beta zeolites of different particle sizes

Beta zeolites with different particle sizes varied from
60 to 4000 nm were synthesized. As shown by the XRD
patterns in figure 1, the characteristic diffraction peaks
at 2h of 7.8� and 22.5� suggest that the as-synthesized
Beta zeolites have the structure of BEA with high
crystallinities and there are no visible peaks from any
impurities. This proves that the surface wet method is
an effective way to prepare Beta zeolites with high

X. Ji et al./Friedel–Crafts acylation of anisole and toluene172



crystallinity. It has been proposed that high concentra-
tion of templates and high alkalinity of precursor,
formed by the surface wet method, can accelerate the
dissolution of aluminasilica and the formation of crystal
nuclei [19].

Figure 2 shows the TEM micrographs of the as-syn-
thesized zeolites, from which their particle sizes can be
estimated. bS crystals are irregular in the shape and the
particle size ranges from 60 to 100 nm. bM and bL

appear to be round in the shape and their particle sizes
are in the range of 210–300 nm and 2.3–4.0 lm,
respectively. Moreover, the aggregation of particles is
not evident, as suggested by the TEM (figure 2).

BET surface areas (including the total and external
surface area) and pore volumes of the HBeta zeolites
with different particle sizes are given in table 1. All three
kinds of zeolites are similar in the BET surface areas (ca.
590 m2/g). However, they are quite different in the
external surface areas and the pore volumes that may be
assigned to the inter-particulate spaces; the external
surface areas increase considerably from 97 m2/g,
114 m2/g, to 130 m2/g and the pore volumes from
0.29 cm3/g, 0.47 cm3/g, to 0.68 cm3/g for zeolites from

bL (2.3–4.0 lm), bM (210–300 nm), to bS (60–100 nm),
respectively.

NH3-TPD profiles of HBeta zeolites with different
particle sizes are shown in figure 3. Normally,
NH3-TPD profiles of HBeta zeolites suggest two
desorption peaks; they are located in the regions of
low-temperature (LT, below 400 �C) and high-temper-
ature (HT, above 400 �C), respectively [20,21]. These
two distinct bands at around 240 and 400 �C are
attributed to desorption of NH3 from weak Lewis acid
sites and decomposition of NH4

+ ions formed over
strong acid sites, respectively [22]. The NH3-TPD
profiles suggest that three HBeta zeolites of different
particle sizes exhibit little difference in the acid proper-
ties (strength and density). As also listed in table 1, the
densities of acid sites are about 5.60 mmol/g for all three
HBeta zeolites.

3.2. Catalytic activity and stability

The acylation of toluene with acetic anhydride was
carried out at 130 �C with a molar ratio of toluene to
acetic anhydride of 10. As shown in table 2, acylated
toluene is the major product. The products distribution
shows that the ratio of para- to ortho-MAP is 98:2 and
no metaisomer is detected. Nano-sized bS gives the
highest yield of acylated products; there is an obvious
decrease in the yield of acylated products with increasing
the particle size of zeolites. Because three HBeta zeolites
of different particle sizes own similar acid properties and
density of active sites, as suggested by the NH3-TPD
profiles, the high activity of nano-sized zeolites might
come from more accessible active sites and/or reduced
diffusion limitation, which allows a much easier access
of reactants to the active sites and leaving of heavy
products from the catalyst surface [23].

The acylation of more reactive reactant anisole with
acetic anhydride was carried out in a fixed-bed reactor at
120 �Cwith amolar ratio of anisole to acetic anhydride of
5. For all tests in this work, the selectivity towards
p-MOAP is about 98% and keeps at this value with the
time on stream. However, the conversion of acetic
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Figure 1. XRD patterns of the as-synthesized Beta zeolites (bS, nano-

sized; bM, medium sized; bL, large sized).

Figure 2. TEM of the as-synthesized Beta zeolites (bS, nano-sized; bM, medium sized; bL, large sized).
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anhydride depends on both the particle size of zeolites and
the time on stream. As shown in figure 4, the highest
activity and stability are obtained on the nano-sized cat-
alyst bS; the conversion of acetic anhydride at beginning is
93.0%, decreases slowly with the time on stream and then

keeps at about 57.7% after 33 h on stream. Although bM

and bL exhibit a similar initial conversion of acetic
anhydride (95% and 92%, respectively, at 1 h on stream)
as bS, their activities, especially the activity of bL, decrease
drastically with the time on stream. After 33 h on stream,
the conversions of acetic anhydride over bM and bL
decrease to 37.1% and 7.0%, respectively; this indicates a
serious catalyst deactivation.

Three kinds of HBeta zeolites with different crystal
sizes give the similar p-MOAP selectivity and initial
acetic anhydride conversion, indicting that the particle
size and external surface area have little influence on the
nature of the active sites in these zeolites. On the other
hand, the selectivity towards p-MOAP remains the same
for the three Beta zeolites with time on steam, indicating
that the external surface of the catalyst has little
contribution to the acylation. This observation has been
also reported in the reaction of phenol hydroxylation
over TS-1 zeolites [13]. Thus, the high activity of nano-
sized zeolites may be ascribed mainly to the improved
efficiency of the active sites as a result of better acces-
sibility and less diffusion limitation.

3.3. Catalyst deactivation

With Beta zeolites as catalyst for acylation, the
molecular sizes of reactants and products are compa-
rable to the pore openings of zeolites; their diffusion in
zeolites is therefore strongly inhibited by the small pore
size. The strong adsorption of products such as
p-MOAP on the active sites, which endured further
reaction to form heavier products, is responsible for
catalyst deactivation [5,11,24]. The accumulation of
heavier products inside the pores may partly block the
pore access and result in the irreversible deactivation of
catalyst. Derouane et al. [5] found that for the acylation
of anisole over HBeta zeolites, the adsorption of
p-MOAP on the active sites is preferential to those of the
reactants acetic anhydride and anisole, and then attrib-
uted the decrease in the activity to the decrease in the

Table 1

Properties of HBeta zeolites of different particle sizesa

Zeolites bS bM bL

SiO2/Al2O3 mole ratio 33 33 33

TEAOH/SiO2 mole ratio 0.115 0.085 0.180

Na2O/SiO2 mole ratio 0.059 0.059 0.094

Relative crystallinity 118 100 63

Particle size range (nm) 60–100 210–300 2300–4000

BET surface area (m2/g) 595 596 581

External surface area (m2/g) 130 114 97

Pore volume (cm3/g) 0.68 0.47 0.29

Density of total acid sites (mmol/g) 5.590 5.601 5.605

Surface area, spent catalystb (m2/g) 227 215 200

Pore volume, spent catalystb (cm3/g) 0.65 0.33 0.12

aNano-sized bS and medium sized bM are synthesized by surface wet method, while large sized bL is synthesized by the nucleation gel method.
bSpent catalysts are the catalysts after enduring the acylation of anisole with acetic anhydride for 30 h on stream at 120 �C.
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Figure 3. NH3-TPD profiles of HBeta zeolites of different particle

sizes (bS, nano-sized; bM, medium sized; bL, large sized).

Table 2

Acylation of toluene with acetic anhydride over the HBeta zeolites

of different sizesa

Zeolites MAP Yield (%)b Product distribution (%)

para-MAP ortho-MAP

bS 71.1 98.0 2.0

bM 64.3 96.0 4.0

bL 57.3 98.0 2.0

aReaction conditions: 0.1 g catalyst, 60 mmol toluene and 6 mmol

acetic anhydride were charged in a 20 ml autoclave; reaction lasted for

3 h at 130 �C and 0.13 MPa.
bMethylacetophenone (MAP) yield is based on the reactant acetic

anhydride.
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accessibility of active sites to the reactants. Rohan et al.
[11] reported that the byproducts with large molecules,
formed from the polyacetylation of anisole, block the
micropores of zeolites and prohibit the reactants from
accessing to the active sites.

The lifetime of zeolite catalysts may be prolonged by
reducing their particle size or using the zeolites of large
pore size. Winé et al. [25] reported that the rapid evac-
uation of heavy ketone products from catalyst may help
to improve the acylation stability of Beta zeolites (with
the particle size of around 30 nm) supported on a b-SiC
foam monolith in the benzoylation of anisole. Ya-
mamura et al. [15] suggested that the lifetime of ZSM-5
zeolite in the oligomerization of ethylene depends on the
large external surface area of zeolites with small particle
size. Berrichi et al. [24] reported that Ga doped SBA-15
mesoporous silica exhibits relatively higher stability
than HBeta zeolites, which is attributed to the presence
of mesoporous network in SBA-15 that favors the
diffusion of reactants and products.

The surface area and pore volume of spent catalysts
after the acylation of anisole with acetic anhydride for
33 h on stream at 120 �C are also listed in table 1. The
surface area of the catalysts decreases considerably after
enduring the reaction, indicating a heavy blockage in the
micropore of the zeolites. On the other hand, the pore
volume of catalyst bS after enduring the reaction
remains at the same level as that of fresh catalyst, while
the pore volumes of bM and bL decreased largely after
enduring the reaction. This suggests a less deposition of
heavy products on bS than that on bM or bL.

The UV–VIS spectra of the spent catalysts after the
acylation of anisole with acetic anhydride for 33 h on
stream at 120 �C are depicted in figure 5. There are two
distinct absorption bands centered at 270 and 435 nm,
respectively. The absorption band at 270 nm is origi-
nated from the product p-MOAP adsorbed on the

catalyst. The band at 435 nm probably comes from the
presence of condensed aromatic compounds, typical
carbonaceous deposits [26]. It is evident that the
absorbances at 270 and 435 nm increase with the
particle size of Beta zeolites. Therefore, high stability of
bS with small particle size for the acylation is associated
with the fewer amounts of p-MOAP adsorbed and coke
deposited on the catalyst.

DTG and CO2 signal for TG-MS measurement of the
spent catalysts after the acylation of anisole with acetic
anhydride for 33 h on stream are illustrated in figure 6.
The weight loss around 200 �C is attributed to the
desorption of adsorbed water and p-MOAP, while that
at about 500 �C can be ascribed to the combustion of
condensed aromatic compounds deposited on the cata-
lyst. The amounts of coke deposition on bS, bM and bL
are 9.7, 10.3 and 10.6 wt%, respectively. In addition, the
temperature of coke combustion shifts to higher value
for zeolites from bS, bM to bL, indicating that the coke
deposited on bL is much heavier than those on small-
sized zeolites [25].

The nano-sized Beta zeolites as catalysts exhibit much
higher activity and stability in the acylation than the
zeolites of larger particle sizes. This can be ascribed to
the improved efficiency of the active sites as a result of
better accessibility and less diffusion limitation. With
zeolites of small particle sizes as catalysts, the heavy
products such as p-MOAP and ketones produced from
the acylation reaction can escape from micropores in
zeolites much more easily; this prevents the heavy
products from occupying the active sites and further
forming cokes that may block the access of reactants to
the active sites. These may alleviate the deactivation of
catalyst considerably.

4. Conclusions

Nano-sized Beta zeolites with a crystal size of
80–100 nm were synthesized via surface wet method.
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Figure 4. Catalytic tests for the acylation of anisole with acetic

anhydride over Beta zeolites of different particle sizes (bS, nano-sized;

bM, medium sized; bL, large sized) in a fixed bed reactor at 120 �C and

3.7 MPa (the initial molar ratio of anisole/acetic anhydride is 5 and the

weight hourly space velocity is 10 h)1).

200

β
S

.u.a / ecnabrosb
A

Wavelength / nm

β
M

β
L

800700600500400300

Figure 5. UV–VIS spectra of the spent catalysts of different particle

sizes (bS, nano-sized; bM, medium sized; bL, large sized) after the

acylation of anisole with acetic anhydride for 33 h on stream.
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Their catalytic performances on the Friedel–Crafts
acylation of anisole or toluene with acetic anhydride
were investigated comparatively with those of medium
(210–300 nm) large (2.3–4.0 lm) sized Beta zeolites.

The nano-sized HBeta zeolites exhibit much higher
activity and stability in the Friedel–Crafts acylation than
the conventional large particle sized zeolites. The small
crystal size of nano-sized zeolites may bring on more
accessible active sites and then enhance the catalytic
activity. The exposed pore openings in nano-sized zeolites
allow a fast desorption of heavy products from the cata-
lyst and can then reduce the occupancy of active sites by
the adsorption of products; this can then alleviate the
catalyst deactivation and improve the catalyst stability.
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Figure 6. DTG (upper) and CO2 signal (lower) for the TG-MS

measurement of the spent HBeta catalysts after the acylation of anisole

with acetic anhydride for 33 h on stream (solid line, nano-sized bS;
dash line, medium sized bM; dotted line, large sized bL).

X. Ji et al./Friedel–Crafts acylation of anisole and toluene176



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


