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Sonochemical synthesis of calcium phosphate powders
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Abstract f-tricalcium phosphate (S-TCP) and bipha-
sic calcium phosphate powders (BCP), consisting of
hydroxyapatite (HA) and -TCP, were synthesized by
thermal decomposition of precursor powders obtained
from neutralization method. The precursor powders
with a Ca/P molar ratio of 1.5 were prepared by adding
an orthophosphoric acid (H3;PO,4) solution to an
aqueous suspension containing calcium hydroxide
(Ca(OH),). Mixing was carried out by vigorous stirring
and under sonochemical irradiation at 50 kHz, respec-
tively. Glycerol and D-glucose were added to evaluate
their influence on the precipitation of the resulting
calcium phosphate powders. After calcination at
1000°C for 3 h BCP nanopowders of various HA/f-
TCP ratio were obtained.

1 Introduction

Calcium phosphates are an important class of inorganic
compounds for application as bulk material and coating

M. de Campos - F. A. Miiller (<) - P. Greil

Department of Materials Science, University of Erlangen-
Nuernberg, Martensstr. 5, Erlangen 91058, Germany
e-mail: Frank.Mueller@ww.uni-erlangen.de

M. de Campos - A. H. A. Bressiani - J. C. Bressiani
Instituto de Pesquisas Energéticas e Nucleares-IPEN, Av.
Prof. Lineu Prestes 2242, Cidade Universitaria, Sao Paulo,
SP 05508-000, Brazil

M. de Campos

University of Mogi das Cruzes, Technological Research
Center, Av. Dr. Candido Xavier de Almeida Souza 200,
Mogi das Cruzes, SP 08780-911, Brazil

in medical implant applications. Chemical and structural
similarity to the mineral phase of bone tissue provides
biological capability to promote bone integration. The
most widely used synthetic calcium phosphates are
hydroxyapatite (HA, Ca;o(PO,)s(OH),) and p-trical-
cium phosphate (-TCP, Ca3(POy),) [1, 2].

HA is stable in physiological body fluids and shows
very slow biodegradation in vivo, which makes it a
widely used coating material on metallic implants
with an increased rate of bone integration [3, 4]. In
some applications however, accelerated implant deg-
radation with simultaneous bone in growth is neces-
sary to substitute natural bone by a synthetic
material. In vivo modifications of calcium phosphate
ceramics result either from a cellular chemical disso-
lution/reprecipitation processes during interactions
with biological fluids or from bioresorption due to
cellular activity of osteoclasts. f-TCP shows an in
vivo solubility 3-12 times faster than HA [5, 6].
Biphasic calcium phosphate (BCP), consisting of a
mixture of HA and f-TCP, has been considered to be
a well applicable bone substitute due to its tailorable
degradability [2, 7]. It has been demonstrated that the
bioactivity of BCP may be adapted to the local
situation by manipulating the HA/S-TCP ratio [6].
However, it is difficult to produce a dense sintered
ceramic body from precursor powders in the micron-
scale because the maximum sintering temperature of
B-TCP is limited to temperatures below 1125°C [8, 9].
At higher temperatures the § to o« phase transforma-
tion prevents TCP from further densification [10, 11].
Consequently, to obtain a sintered BCP material of
high density at lower temperatures the particle size
has to be reduced to the submicronscale to increase
the rate of solid-state sintering [12].
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The properties of the HA, f-TCP and BCP powders
such as crystal morphology, crystallinity, thermal
stability, and solubility have been shown to be strongly
influenced by the route of fabrication [13]. S-TCP
powders were prepared by solid-state reaction from
amorphous calcium phosphate (ACP) or thermal
decomposition of calcium-deficient apatite (CDHA)
[2]. BCP powders were produced by mechanical mixing
of HA with TCP powder or by calcinating CDHA with
a Ca/P molar ratio of 1.5-1.65 above 700°C [14].

Ultrasound was shown to be a promising tool to
facilitate the reactions to prepare homogeneous and
fine ceramic powders from aqueous solution [15].
Ultrasonic irradiation enables the generation of high
energy in a solution from acoustic cavitation resulting
in the formation, growth, and implosive collapse of
bubbles in liquids. Cavitation serves as a means of
concentrating the diffuse energy of sound producing
hydroxyl radicals ‘'OH and atomic hydrogen H'. The
‘hot spot’ theory [16] assets that cavitation bubbles act
as local ‘hot spots’ that generate temperature exceed-
ing 5000°C and pressures of more than 100 MPa during
their compression or collapse phase. Treatment with
ultrasonic irradiation is considered to enhance the
chemical reactivity resulting in the acceleration of the
heterogeneous reactions between liquid and solid
reactants of inorganic, organic or organometallic reac-
tions [17-19].

In this work the sonochemical effect was successfully
applied to obtain calcium phosphate nanopowders by a
wet chemical reaction of orthophosphoric acid and
calcium hydroxide. Glycerol and D-glucose were
added to control the HA/B-TCP ratio of the resulting
BCP powders.

2 Experimental procedure
2.1 Powder synthesis

Synthesis of calcium phosphate powders by neutraliza-
tion was achieved by drop wise addition (0.8 ml/min) of
a 0.3 M aqueous solution of orthophosphoric acid
(HsPO4) to 0.1 M aqueous suspension of calcium
hydroxide (Ca(OH),) at room temperature. The
reagents were mixed with a Ca/P molar ratio of 1.50.
Two series of experiments were realized for a homoge-
neous mixing of the reagents during the drop wise
addition of H3PO, solution: in the first series, the
suspension of Ca(OH), was submitted under vigorous
mechanical stirring and in the second series the suspen-
sion of Ca(OH), was irradiated by ultrasound at a
frequency of 50 KHz for 2 h in an ultrasonic trough.

@ Springer

The Ca(OH), suspensions were prepared in three
different media: (N) in distilled water, (GLY) in a
solution containing 40 vol% glycerol and (GLU)
40 wt% D-glucose, respectively. The slurries were aged
for 24 h. The solutions were homogenized for 1 h before
starting the drop wise addition of H;PO,. The pH was
measured immediately after homogenization and after
1, 2 and 24 h, respectively. The slurries were filtrated
and dried at 100°C for 24 h. The resulting powders were
calcinated at 1000°C for 3 h. The experimental condi-
tions used in this work to obtain different calcium
phosphate powders are depicted in Fig. 1.

2.2 Characterization

The specific surface area of dried and calcinated
powders were measured by gas adsorption in N,
atmosphere (BET method, Micromeritics ASAP
2000, USA). Fourier transform infrared spectroscopy
(FTIR, Nicolet Impact 420, USA) from the powders
dispersed in spectroscopic grade KBr with a KBr:CaP
weight ratio of 300:1, was applied to characterize
absorption bands corresponding to functional groups in
the calcinated products. Crystalline phases of the
materials were analyzed by X-ray diffraction with
monochromatic CuK« radiation (XRD, Siemens D500,
D). A semi quantitative phase analysis software (Bru-
ker AXS Diffract Plus, USA) was applied to quantify
HA and p-TCP phases fractions by using the internal I/
Icor standards of 1.25 and 1.06 for -TCP (JCPDS 70-
2065) and HA (JCPDS 73-0294), respectively. The
temperature of HA to f-TCP phase transition was
determined by high temperature X-ray diffraction
(Siemens D500 equipped with a Anton Paar HTK 10
chamber, A). A heating rate of 10°C/min was applied
from room temperature up to 1000°C, and the spectra
were taken in the 20 range between 19° and 39° every
200°C without holding time. The powder morphology
was evaluated by scanning electron microscopy (SEM,
FEI Quanta 200, CZ).

3 Results and discussion

Figure 2 shows the pH measured immediately after
homogenization and after 1, 2 and 24 h, respectively.
During synthesis the pH decreased to a final level of
6.5 in the case of GLY and GLU and 5.5 in the case of
N, respectively. Ultrasound treatment did not change
the pH at any time of synthesis.

HT-XRD revealed that apatite (HA) is the only
crystalline phase in the reaction product powder N up
to 600°C. Above 600°C the powder transformed into
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Fig. 1 Flow chart of powders
synthesis. Mechanical stirring
(N, GLU, and GLY);

H3PO4 (0,3M)
(0,8 mL/min)

Sonication (N-us, GLU-us, Ca(OH)z (0,1M)

Ca(OH)z2 (0,1M) Ca(OH)z (0,1M)
+ D-glucose (40 wt%)

Mechanical stirring
N; GLY; GLU

Sonification
N-us; GLY-us; GLU-us

and GLY-us) + glycerol (40 vol%)
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Fig. 2 Equilibrium pH of the medium during synthesis with
ultrasound irradiation (us) and mechanical stirring as a function
of time

p-TCP, Fig.3a. The ultrasonicated powder N-us
showed the same crystalline structure as HA between
100 and 600°C. Above 600°C, however, a transforma-
tion into biphasic calcium phosphate (BCP) was
observed, Fig. 3b.

The powders N and N-us dried at 100°C for 24 h
showed specific surface areas of 80 and 100 m*/g,
respectively. After calcination at 1000°C for 3 h the
specific surface area decreased to 2 m*g in N and 4 m%/
g in N-us. While powder N, which was produced by
rigorous mechanical stirring showed an average parti-
cle size of 300 nm after calcination the particle size in
the ultrasonicated N-us decreased significantly down to
50 nm.

Ageing (24 h/25 C)

Drying (100 C/24h)
Calcination (1000 C/3h)

Powders N, GLU, and GLY, obtained by magnetic
stirring and subsequently calcinated at 1000°C for 3 h
consist of single-phase -TCP (Fig. 4a). The powders
N-us and GLY-us obtained in sonochemical condition
are BCP consisting of HA and p-TCP of different
ratios (Fig. 4b and Table 1).

The powders obtained by mechanical stirring only
showed absorption bands characteristic for f-TCP.
OH ' bands at 633 and 3600 cm™ characteristic for HA
were not detected (Fig. 5a). In contrast the N-us and
GLY-us powders, produced under sonification, clearly
revealed these characteristic OH™ bands. The intensity
of the absorption band in N-us is higher than in GLY-
us, which indicates a higher concentration of OH™
groups in N-us. In GLU-us only bands characteristic of
crystalline f-TCP phase were detected by FTIR. The
absorptions of OH™ stretching at 3600 and 630 cm™
that are characteristic for the HA phase were not
detected (Fig. 5b).

Figure 6 shows SEM micrographs of GLU and GLY
powders after calcination at 1000°C for 3 h. The
average particle size of powder GLU and GLY was
800 and 700 nm, respectively. The average particle size
of sonificated powders GLU-us and GLY-us were 750
and 600 nm, respectively.

The results of XRD analysis reveal the presence of
p-TCP after calcination at 900°C. -TCP cannot be
directly obtained from aqueous systems but by solid-
state reaction or thermal decomposition from ACP
with a Ca/P molar ratio of 1.5 or CDHA above 700°C
[2, 20]. The conditions of synthesis used in this work
produced non-stoichiometric apatite, Cajq (HPOy)
(PO4)6_x(OH), «. For 0 < x < 1 this apatite exhibits the
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Fig. 3 HT-XRD patterns for the transformation of apatite
produced by neutralization method (a) N; (b) N-us. (@) -TCP
and (@) HA crystalline phases

same crystal structure as stoichiometric HA. It is
known, that HPO3~ groups in CDHA will be converted
into P,O% ions (ZHPOAZf — PZO;‘* + H,0) when
heated to 650°C [8]. P,O%™ will then react with OH™
(P,03~ + 20H™ — 2P0} + H,0). Thus, CDHA is
supposed to decompose into f-TCP and HA according
to [8]

Cayo-(HPO,),(PO,)¢_(OH),_, — 3x Ca3(PO,),
(1)
Equation 1 is characterized by a slow reaction rate,
starting at 650°C and proceeding even above 1000°C

[8]. The concentration of P,OF might play an impor-
tant role on the decomposition of CDHA. Since P,O%"
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Fig. 4 XRD patterns of the powders obtained and calcinated at
1000°C for 3 h: (a) mechanical stirring and (b) sonification. (@)
p-TCP and (w) HA crystalline phases

could be detected by FTIR even at temperatures up to
750°C, it seems that the rate of CDHA conversion into
p-TCP and HA may depend on the reaction rate
between P,O% and OH™ instead of HPO3™ condensa-
tion [2, 8]. In this work the composition corresponded
to x =1, so that after calcinating above 700-800°C
CDHA in N powder transformed into -TCP [9, 14,
20].

Table 1 XRD quantitative analyses for powders calcinated at
1000°C for 3 h

Experiment Phase content [Vol %]

HA B-TCP
N-us 80 20
GLY-us 45 55
GLU-us - 100
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Fig. 5 FTIR absorption spectra of powders obtained and
calcinated at 1000°C for 3 h: (a) mechanical stirring; (b)
sonification

Cao(HPO,)(PO,)s(OH) — 3 Ca3z(PO,), + H,O (2)

p-TCP powders obtained by neutralization after
calcination at 1000°C exhibited thermal stability and
single-phase composition with no traces of HA. The
characteristic FTIR absorption bands of f-TCP were
confirmed by 1096 and 1041 cm™, assigned to the
components of the triply degenerate, antisymmetric P—
O stretching mode. The bands at 604 and 560 cm™' are
assigned to components of the triply degenerate O—P-
O bending mode. Adsorbed water bands were detected
at 3400 cm™. The powders produced by neutralization
method N consisted of homogeneous strongly spherical
particles with an average grain size of 300 nm after
calcination. The small particle size may be caused by
the slow rate of water removal during drying and
calcination treatment. Due to the submicron crystallite

size extended agglomerate formation due to sintering
occurred during annealing at 1000°C.

N-us experiment is the result most interesting for
sonic effects by producing BCP crystalline phase. In N-
us synthesis the condition was expected to yield g-TCP
only, but HA was detected as a second phase in
addition to S-TCP crystalline phase. Kim et al. [15]
supposed that under sonochemical condition the nucle-
ating phase in solution was dicalcium phosphate
(CaHPO,4, DCPA) present in the medium with calcium
carbonate (CaCO;) producing oxi-calciumphosphate
(Cay(PO,),0),

2 CaHPO, + 2 CaCO; — Ca4(PO,),0

3)

+ 2 CO, + H,O
The CaCO; forms by reaction of Ca®" with carbon
dioxide (CO,) from atmosphere dissolved in the
solution [20]. Another explanation for the presence
of CaCOj; during synthesis can be related to a reaction
between Ca(OH), and CO,. Calcination of Cay
(PO4),0 at 1000°C in ambient atmosphere e.g. in
H,0 containing atmosphere finally originates the
formation of HA [9]

4)

It is believed that above a critical ultrasonic energy
of 20 kHz 'OH radicals are formed by hemolytic
dissociation [16, 21, 22, 23]. Since 'OH radicals are
free-radical intermediate precursors for many hydrox-
ide products generated by sonification HA is likely to
be formed [9, 20]

3CaHPO, + 2 Ca*" + *OH — Cas(PO,);OH  (5)

Additionally very small amounts of COj; substituting
HPO, in the CDHA lattice lead to an increase of the
Ca/P  molar ratio, e.g. Cag(HPO4)g96(PO4)s(-
CO3)0.04(OH) has a Ca/P molar ratio of 1.51. Anneal-
ing of these powders to temperatures above 750°C
would lead to a composite consisting of 90% TCP and
10% HA. During ultrasonic irradiation a higher
amount of Ca(OH), may react with CO, to form
CO3™ compared to magnetic stirring due to the better
intermixing at higher energies. This carbonate can be
incorporated into the crystal lattice and thus increase
the Ca/P molar ratio. In case of GLU-US and GLY-US
the Ca/P molar ratio is lower than that of N-us. The
presence of complex organic molecules, specifically
glucose, ethanol and proteins, has been shown to
enhance carbon dioxide incorporation [24].
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Fig. 6 SEM micrographs of
powders calcination at 1000°C
for 3 h. (GLU and GLY)
prepared by mechanical
stirring; (GLU-us and GLY-
us) prepared by sonification

4 Conclusions

The neutralization method with a Ca/P molar ratio of
1.5 was effective to produce calcium deficient apatite
powder that transforms into highly pure p-TCP
between 600-800°C. The neutralization method asso-
ciated with ultrasound irradiation was performed to
produce BCP with higher concentration of HA crys-
talline phase. The association of neutralization method
with ultrasound irradiation was effective to produce
homogeneous nanopowders with 50 nm in N-us.
Organic additives glycerol and p-glucose are effective
tools to control the HA/S-TCP ratio of the resulting
powders. The organic additives increase the particle
size independently of mechanical stirring or sonifica-
tion. The glycerol additive reduces the resulting HA
content. p-glucose inhibits the formation of HA.

Acknowledgments The authors are grateful to A.
Stiegelschmitt, C. Zollfrank, and A. Roosen for helpful
discussion and to CAPES and DAAD for financial support
within the frame of a PROBRAL project.

References

1. L. L. HENCH and J. WILSON, (eds). An Introduction to
Bioceramics—Advanced Series in Ceramics 1, World Scien-
tific, Singapore (1993)

2. S. H. KWON, Y. K. JUN, S. H. HONG and H. E. KIM,
J. Europ. Ceram. Soc. 23 (2003) 1039-1045

@ Springer

3. M. DE CAMPOS and A. H. A. BRESSIANI, Key. Eng.
Mater. 218-220 (2002) 171-174

4. M. VALENTE, C. DE, A. S. TAKIMI, M. D. LIMA, C. P.
BERGMANN and A. H. A. BRESSIANI, Key. Eng. Mater.
189-191 (2001) 623-629

5. G. DACULSI, Biomaterials. 19 (1998) 1473-1478

6. M. BENAHMED, J. M. BOULER, D. HEYMANN, O.
GAN and G. DACULSI, Biomaterials. 17 (1996) 2173-2178

7. M. KON, K. ISHIKAWA, Y. MIYAMOTO and K. AS-
AOKA, Biomaterials. 16 (1995) 709-714

8. F. H. LIN, C. J. LTIAO, K. S. CHEN and J. S. SUN,
Biomaterials, 19 (1998) 1101-1107

9. J. C. ELLIOT, Structure and Chemistry of the Apatites and
Other Calcium Orthophosphates—Studies in Inorganic
Chemistry 18 Elsevier Science B.V. (1994)

10. J. H. WELCH and W. GUTT, High-temperature studies of
the system calcium oxide—phosphorus pentoxide. J Chem
Soc. (1961) 44424444

11. R. FAMERY, N. RICHARD and P. BOCH, Ceram. Int. 20
(1994) 327-336

12. J. S. REED, Principles of ceramic processing. Wiley, New
York, (1988)

13. J. PENA and M. V. REGI, J. Europ. Ceram. Soc. 23 (2003)
1687-1696

14. S. C. LIOU and S. Y. CHEN, Biomaterials. 23 (2002) 4541—
4547

15. W. KIM and F. SAITO, Ultrasonics Sonochemistry 8 (2001)
85-88

16. G. SERVANT, J. L. LABORDE, A. HITA, J. P. CALT-
AGIRONE and A. Gérard, Ultrasonics Sonochemistry, 8
(2001) 163-174

17. A. K. JANA and S. N. CHATTERIEE, Ultrasonics Sono-
chemistry 2 (1995) 87-91

18. G. MARK, A. TAUBER, R. LAUPERT, H. P. SCHUCH-
MANN, D. SCHULZ, A. MUES and C. SONNTAG,
Ultrasonics Sonochemistry 5 (1998) 41-52



J Mater Sci: Mater Med (2007) 18:669-675

675

19. B. LI, Y. XIE, J. HUANG and Y. QIAN, Ultrasonics
Sonochemistry 6 (1999) 217-220

20. R. Z. LeGeros, Calcium Phosphates in Oral Biology and
Medicine—Monographs in Oral Science 15; edited by H. M.
Myers, Karger, Basel (1991)

21. T. KONDO, V. MISIK and P. RIESZ, Ultrasonics Sono-
chemistry 3 (1996) S193-S199

22. X. FANG, G. MARK and C. von SONNTAG, Ultrasonics

Sonochemistry 3 (1996) 57-63

23. N. H. INCE, G. TEZCANLI, R. K. BELEN and I. G.
APIKYAN, Appl. Catalysis B: Environmantal 29 (2001) 167-

176

24. R. P. JONES and P. F. GREENFIELD, Enzyme Microb.

Technol. 4 (1982) 210-223

@ Springer



	Sonochemical synthesis of calcium phosphate powders
	Abstract
	Introduction
	Experimental procedure
	Powder synthesis
	Characterization

	Results and discussion
	Conclusions 
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /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


