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Abstract Tetra-n-butyl ammonium bromide (TBAB)
semi-clathrate (sc) hydrates of gas are of prime importance
in the secondary refrigeration domain and in the separation
of gas molecules by molecular size. However, there is a
scarcity of dissociation enthalpies under pressure of pure
gases and gases mixtures for such systems. In addition, the
phase equilibrium of TBAB sc hydrates of several pure
gases is not well defined yet as a function of the TBAB
concentration and as a function of the pressure. In this
paper, dissociation enthalpies and the phase equilibrium of
TBAB sc hydrates of gas have been investigated by dif-
ferential scanning calorimetry (DSC) under pressure. Pure
gases such as N, and CO, and gases mixtures such as N,
+ CO, and CH4 + CO, were studied. To our knowledge,
we present the first phase diagram of TBAB sc hydrates of
N, for different pressures of gas in the TBAB concentration
range from 0.170 to 0.350 wt. Enthalpies of dissociation of
TBAB sc hydrates of pure gases and gases mixtures were
determined as a function of the presssure for a compound
with a congruent melting point whose hydration number
corresponds to 26.
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Introduction

The clathrate hydrates of gas are crystalline compounds
formed by physical combination of water molecules linked
by hydrogen bonds which constitute cages around guest
molecules of gas [1]. The research on these compounds has
been intensified since the 1930’s when the petroleum
industry first started to seek methods to prevent the for-
mation of natural gas hydrates in the pipelines. Currently
they are studied to be used in different processes such as the
storage and the transport of gases [2] or for applications in
natural gas industries [3]. The clathrate hydrates of gas can
exhibit three different structures called sl, sIl and sH [1] and
typically a high pressure is required to form them [4].

It was shown for the first time by Fowler et al. in 1940
[5] and later by McMullan and Jeffrey in 1959 [6] and
Dyadin et al. [7, 8], that the presence of an additive such as
tetra-alkylammonium salts considerably reduces the equi-
librium pressure of the gas hydrates. Indeed, using these
additives an unusual struture of hydrates called as semi-
clathrate (sc) hydrate is formed and this one doesn’t need
the presence of guest gas molecules to form a hydrate
structure as common clathrate hydrates. Although sc
hydrates contain empty cages capable of containing some
guest gas molecules, they differ from the usual clathrate
hydrates of gas because they include coumpounds which
are not only inserted as guest molecules in the clathrate
hydrate but also form a part of the clathrate cage structure
with the hydrogen bonds network built by the water mol-
ecules. Basically, big guest species such as tetra-alkylam-
monium salts are encaged and water molecules of the
structure are partially replaced by the atoms of guest spe-
cies [9, 10]. This is in contrast to the three usual structures
[1] of clathrate hydrates of gas where the host lattice is
comprised solely from water.
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The Tetra-n-butyl ammonium bromide (TBAB) is a
white crystalline solid at ambient pressure and temperature
and forms sc hydrates in presence of water. These sc
hydrates have been very studied already and are very
known for their thermodynamic properties (such as tem-
perature and enthalpy of dissociation) in the secondary
refrigeration domain [10-12]. In addition, TBAB sc
hydrates can be useful also for the separation of gas mol-
ecules such as carbon dioxide (CO,) and nitrogen (N,) by
their molecular size [13—15]. The hydration number (n) in
TBAB sc hydrates (C4Ho),NTBr -nH,O which corre-
sponds to different crystal cell structures has been reported
by different authors [13, 16-18] to vary from n = 2.03 to
n = 38. For example the TBAB sc hydrate crystal structure
is a trigonal cell (space group R3c) for n = 2.03 [16] or an
orthorombic cell (space group Pmma) for n = 38 [18].
However, even if the behaviour of the TBAB sc hydrates as
a function of the hydration number is very well known [13,
16-19], the understanding of the behaviour of the TBAB sc
hydrates of gas as a function of the hydration number is
hampered by a lack of experimental data, such as the
temperature and the enthalpy of dissociation under pressure
of pure gases and gases mixtures.

The main aim of our paper is to provide reliable mea-
surements of the temperature and the enthalpy of dissoci-
ation of TBAB sc hydrates of different gases such as CO,,
N,, CO, + N, and CO, + CHy, as a function of the TBAB
concentration and as a function of the pressure. These
temperatures and enthalpies of dissociation have been
determined experimentally by differential scanning calo-
rimetry (DSC) under pressure using an appropriate exper-
imental device.

Materials and apparatus

TBAB used in this work has been supplied by Fluka. The
characteristics and the chemical formula of this substance
are given in Table 1. Here, T, is the melting temperature.
This compound was used without further purification and
all the data presented in the table were reported by the
supplier. Freshly distilled and degassed water was used to
prepare all the solutions. The mass of the sample used was
determined with an electronic mass comparator (Metler

Table 1 Characteristics of the Tetra-n-butylammonium bromide
(TBAB) studied

Chemical formula  Purity (mass%) CAS RNs T,/K

Ci6H3N 99° 1643-19-2  374.15-378.15

* Determined by HPLC
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Fig. 1 DSC device used to measure temperature and enthalpy of
dissociation of gas hydrates

Toledo model AW205) with a precision of +£0.01 mg.
Carbon dioxide (CO,) and nitrogen (N,) were provided by
Air Liquid with a certified purity of 99.995 vol%. Gases
mixtures were provided by Air Liquid also (with 2 % of
relative uncertainty on the molar composition (x)).

All the measurements were performed using DSC under
pressure. The DSC device employed is represented in
Fig. 1. This device consisted of a Setaram micro DSC VII
which can operate at temperatures between 228.15 and
393.15 K, coupled to a pressure multiplicator (supplied by
Top Industry) capable of maintaining a constant pressure
on the sample up to 100 MPa with a precision of
40.03 MPa. The DSC cells were designed by Setaram to
work up to 40 MPa and their volume is 0.25 mL. The
pressure was measured using a pressure gauge (0—70 MPa)
Druck model PTX-7800 with a precision of +0.01 MPa.

Experimental method

TBAB sc hydrates of gas were produced in situ by
maintaining approximatelly 50 pL in volume of a TBAB
solution sample to contact with a controlled static pres-
sure of gas. Crystallization in DSC experiments always
requires that a certain sub cooling be reached in order to
compensate the absence of agitation. In those conditions,
TBAB sc hydrate crystallizes from the homogeneous
solution but the insertion of gas into the crystal cavities
requires much longer residence time and cannot be
monitored because its rate is too slow. We thus used a
multi cycle-mode of production, described and validated
in a previous paper [20]. In this method, each cycle is
composed of a cooling down to 258.15 K (scan rate
3K min_l) followed by a heating (scan rate 3 K min_l)
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Fig. 2 Heat flow delivered by TBAB solution (wt = 0.400) under
5.00 MPa of a mixture of N, + CO;(xn, = 0.751) during the first
cooling-heating cycle. Positive heat flow peaks correspond to the
crystallization phase (endo down)
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Fig. 3 Heat flow delivered by TBAB solution (wzr = 0.400) under
5.00 MPa of a mixture of N, + CO;(xy, = 0.751) during cooling-
heating cycles. Positive heat flow peaks correspond to the crystalli-
zation phase (endo down)

to a temperature lower than the temperature of dissoci-
ation of the sc hydrate of gas and higher than the dis-
sociation temperature of the sc hydrate. The equilibration
time between heating and cooling is equal to 10 min. The
beginning of the process is illustrated by the first cool-
ing—heating cycle in the Fig. 2. The sc hydrate whose
temperature of dissociation is lower than the dissociation
temperature of the sc hydrate of gas, is crystallized and
then liquefied during each cycle, while the sc hydrate of
gas quantity increases during the global process. The
disappearance of the sc hydrate results in a reduction of
the surface of the peaks of crystallization and fusion of
the sc hydrate cycle after cycle as illustrated in Fig. 3.
During the last cycle the mixture is then heated to the
ambient temperature (scan rate 1 K min~') and the dis-
sociation enthalpy of the sc hydrate of gas is calculated
from the surface of the last peak of DSC using a
deconvolution method which allows to remove the
residual amount of sc hydrate eventually not converted
into sc hydrate of gas.

Table 2 Dissociation temperatures (7},) of TBAB sc hydrates as a
function of the salt concentration (wt)

TBAB/wt T,./K
0.170 282.4
0.250 283.7
0.320 285.5
0.350 286.0
0.400 284.8
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Fig. 4 Phase diagram of TBAB sc hydrates and TBAB sc hydrates of
gas at different pressures of N, or CO,. The figures along the lines of
composition are the hydration number. According to the measure-
ments of Darbouret et al. [17], the solid line corresponds to the type A
sc hydrate and the dashed line to the type B sc hydrate

Results and discussion
TBAB semi-clathrate hydrates

Before studying the TBAB sc hydrates of gas, the tem-
peratures of dissociation of the TBAB sc hydrates were
measured at atmospheric pressure in a salt concentration
range from 17.0 to 40.0 wt% and compared to literature
data [13, 16, 17] to verify the experimental method. The
results obtained are listed in the Table 2 and compared
with the literature measurements in the Fig. 4.

In the case of TBAB, several sc hydrates which depend
of the hydration number have been already observed and
characterised by different authors [13, 16, 17]. According
to the measurements of Darbouret et al. [17] and Oyama
et al. [13], a sc hydrate of type A (solid line in the figure)
and a sc hydrate of type B (dashed line in the figure) were
observed. To simplify the figure and to make easy the
reading of this one, the data measurements of Oyama et al.
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[13] concerning the type B sc hydrate were not represented.
In our case, it was observed that our measurements are in
good agreement with those presented by the other authors
[13, 16, 17].

TBAB semi-clathrate hydrates of gas

In contrast to clathrate hydrates of gas, TBAB sc hydrates
are stochiometric [9] and there is no structural transition
when the gas is encaged [21]. Consequently, the compo-
sitions of water and salt in the TBAB sc hydrates of gas and
in the TBAB sc hydrates are identically the same whereas
the composition of gas stays unknown [10]. The tempera-
tures of dissociation of TBAB sc hydrates of gas have been
measured as a function of the TBAB concentration at dif-
ferent pressures of N, or CO,. The results obtained are
listed in the Table 3 and represented in the Fig. 4.

As shown in this figure, the TBAB sc hydrates of gas are
more stable than the TBAB sc hydrates (without gas) in the
concentration range from 0.170 to 0.350 wt. This stability
is shown by the temperature of dissociation of sc hydrates
of gas which is higher than that of the sc hydrates (without
gas). In addition, the stability of TBAB sc hydrates of gas
is increased also when the pressure of gas augments. We
can also observe in this concentration range that the
behaviour of the TBAB sc hydrates of N, as a function of
TBAB concentration is similar at 12.0 and 25.0 MPa and
doesn’t depend of the gas pressure applied.

The enthalpies and the temperatures of dissociation of
TBAB sc hydrates of gas were measured only for a
hydration number of 26 which characterises a compound
with a congruent melting point [7]. These properties,
determined for different pressures of N,, CO,, N, 4+ CO,
and CH4 4+ CO, are listed in the Table 4.

The dissociation temperatures of TBAB sc hydrates of
N, and N, + CO, and the dissociation temperatures of
TBAB sc hydrates of CO, and CH, + CO, are represented
as a function of the pressure and compared to literature data
[19] in the Figs. 5 and 6, respectively. It can be observed
that part of data of Arjmandi et al.[19] are consistent with
the data measured in the present work. The dissociation
enthalpies of TBAB sc hydrates of N, and N, + CO, and

Table 3 Dissociation temperatures of TBAB sc hydrates of N, and
CO, at different pressures

wt T/K wt T./K wt T./K
p N, = 12.0 MPa p No = 25.0 MPa p CO, = 2.00 MPa

0.170 289.4 0.170 293.6

0.250 291.4 0.250 295.2 0.250 289.9
0.320 291.0 0.320 294.4 0.320 289.8
0.350 291.3 0.350 294.5 0.350 289.5
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Table 4 Enthalpies AHg;ss and temperatures T, of dissociation of
TBAB sc hydrates of gas (wt = 0.400) for different pressures of N,
COz, Nz + C02 and CH4 + CO2

p/MMPa  T,/K AHg/J g™y, p/MPa T,/K AHg /g™,
N, CO,

“0.00”  284.8 324.30 “0.00”  284.8 324.30
6.27 286.0  334.00 0.83 286.5 346.03
7.16 286.8  336.65 1.29 2874  377.17
8.31 287.8  352.45 1.86 2884  394.37
9.84 288.1 358.12 225 288.6  395.80
20.5 291.6 367.58

N, + CO,* CH, + COy**

“0.00” 284.8 324.30 “0.00” 284.8 324.30
291 289.9 342.25 1.14 290.9 333.95
4.65 291.3 376.07 2.20 291.2 388.00
7.13 292.6 389.68 3.20 292.4 391.32
9.18 293.3 394.12

“0.00” means no gas added and measurement done under air at

atmospheric pressure
J g_lw represents Joule per gram of water
* xn, = 0.751 (air-liquid)

** xcn, = 0.501 (air-liquid)
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Fig. 5 Dissociation temperatures of TBAB sc hydrates of N, and
N, + CO;(xn, = 0.751) as a function of the pressure
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Fig. 6 Dissociation temperatures of TBAB sc hydrates of CO, and
CH4 + COx(xcp, = 0.501) as a function of the pressure
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Fig. 7 Dissociation enthalpies of TBAB sc hydrates (wt = 0.400) of
N, and N; + CO,(xn, = 0.751) as a function of the pressure
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Fig. 8 Dissociation enthalpies of TBAB sc hydrates (wt = 0.400) of
CO, and CHy 4 CO;(xcu, = 0.501) as a function of the pressure

the dissociation enthalpies of TBAB sc hydrates of CO,
and CH; + CO, are represented as a function of the
pressure in the Figs. 7 and 8, respectively. It appears that in
the pressure range 0—10 MPa, the dissociation enthalpy of
TBAB sc hydrate of N, is lower than the dissociation
enthalpy of TBAB sc hydrate of N, + CO,. In contrast, the
enthalpy of TBAB sc hydrate of CO, is higher than the
dissociation enthalpy of TBAB sc hydrate of CH, + COs,.

Conclusions

The enthalpies and temperatures of dissociation of TBAB
sc hydrates have been measured by DSC in the presence of
various pressures of different pure gases and gases mix-
tures. The dissociation temperatures of TBAB sc hydrates
of N, and CO, have been determined as a function of the
TBAB concentration for different pressures of gas in the
concentration range from 0.170 to 0.400 wt. These data
have enabled the construction of the first phase diagram of
TBAB sc hydrates of N,. The dissociation enthalpies of
TBAB sc hydrates of N,, CO,, N, + CO, and CO, + CH,4
were measured as a function of the presssure for a com-
pound with a congruent melting point whose hydration

number corresponds to 26. In future work we plan to use
these data to develop and refine accurate molecular
parameters for use in predictive theories. As a perspective
of this work, it could be very interesting also to do some
measurements using DSC coupled with a time-resolved
synchroton X-ray diffraction at both small and wide angles.
This technique, developed by Michel Ollivon [22, 23] and
used for the characterisation of hydrate crystallization in
model system CCI3F-H,O [22, 24], could be extended to
gas system and allow simultaneous characterization of
thermal and structural properties of sc hydrate of gas.

Acknowledgements The authors acknowledge the “Agence Na-
tionale de la Recherche (ANR)” for financial support of the work
presented as part of the SECOYA ANR PROGRAM.

References

1. Sloan ED. Clathrate hydrates of natural gases. 2nd ed. New York:
Marcel Dekker Inc.; 1998.

2. Struzhkin VV, Militzer B, Mao WL, Mao HK, Hemley RJ.
Hydrogen storage in molecular clathrates. Chem Rev 2007;107:
4133-51.

3. Kang SP, Lee H, Ryu B. Enthalpies of dissociation of clathrate
hydrates. ] Chem Thermodyn 2001;33:513-21.

4. Kang SP, Lee H, Lee CS, Sung WM. Hydrate phase equilibria of
the guest mixture containing CO,, N, and tetrahydrofuran. Fluid
Phase Equilib 2001;185:101-9.

5. Fowler DL, Loebenstein WA, Pall DB, Kraus CA. Some unusual
hydrates of quaternary ammonium salts. J Am Chem Soc
1940;62:1140-2.

6. McMullan RK, Jeffrey GA. Hydrates of the tetra n-butyl and tetra i-
amyl quaternary ammonium salts. J Chem Phys 1959;31:1231-4.

7. Dyadin YA, Udachin KA. Clathrate formation in water—peral-
kylonium salts systems. J Incl Phenom 1984;2:61-72.

8. Dyadin YA, Udachin KA, Bogatyryova SV, Zhurko FV. Cubic
structure-1I double clathrate hydrates with tetra(n-propyl)ammo-
nium fluoride. J Incl Phenom 1988;6:565-575.

9. Davidson DW. Water: a comprehensive treatise. In: Franks F,
editors. Clathrate hydrates. vol 2. New York: Plenum Press; 1973.
p. 115-234.

10. Lin W, Delahaye A, Fournaison L. Phase equilibrium and dis-
sociation enthalpy for semi-clathrate hydrate of CO, + TBAB.
Fluid Phase Equilib 2008;264:220-7.

11. Darbouret M, Cournil M, Herri JM. Rheological study of TBAB
hydrate slurries as secondary two-phase refrigerants. Int J Refrig
2005;28:663-71.

12. Obata Y, Masuda N, Joo K, Katoh A. Advanced technologies
towards the new era of energy industries. NKK Techn Rev
2003;88:103-15.

13. Oyama H, Shimada W, Ebinuma T, Kamata Y, Takeya S, Uchida
T, Nagao J, Narita H. Phase diagram, latent heat, and specific heat
of TBAB semiclathrate hydrate crystals. Fluid Phase Equilib
2005;234:131-5.

14. Duc NH, Chauvy F, Herri JM. CO, capture by hydrate crystal-
lization—a potential solution for gas emission of steelmaking
industry. Energ Convers Manag 2007;48:1313-22.

15. Kamata Y, Oyama H, Shimada W, Ebinuma T, Takeya S, Uchida
T, Nagao J, Narita H. Gas separation method using tetra-n-
butylammonium bromide semi-clathrate hydrate. Jpn J Appl Phys
2004;43:362-5.

@ Springer



118

J. Deschamps, D. Dalmazzone

16.

17.

18.

19.

20.

Lipkowski J, Komarov VY, Rodionova TV, Dyadin YA, Aladko
LS. J Supramol Chem 2002;2:435-9.

Darbouret M. Etude rhéologique d’une suspension d’hydrates en
tant que fluide frigoporteur diphasique; Résultats experimentaux
et modélisatio. PhD Thesis. Saint—Etienne. France; 2005.
Shimada W, Shiro M, Kondo H, Takeya S, Oyama H, Ebinuma T,
Narita H. Tetra-n-butylammonium bromide-water (1/38). Acta
Cryst 2005;C61:065-6.

Arjmandi M, Chapoy A, Tohidi B. Equilibrium data of hydrogen,
methane, nitrogen, carbon dioxide, and natural gas in semi-
clathrate hydrates of tetrabutyl ammonium bromide. J] Chem Eng
Data 2007;52:2153-8.

Marinhas S, Delahaye A, Fournaison L, Dalmazzone D, Fiirst W,
Petitet JP. Modelling of the available latent heat of a CO, hydrate
slurry in an experimental loop applied to secondary refrigeration.
Chem Eng Process 2006;45:184-92.

@ Springer

21.

22.

23.

24.

Shimada W, Ebinuma T, Oyama H, Kamata Y, Takeya S, Uchida
T, Nagao J, Narita H. Separation of gas molecule using tetra-n-
butyl ammonium bromide semi-clathrate hydrate crystals. Jpn J
Appl Phys 2 2003;42:1.129-31.

Ollivon M, Keller G, Bourgaux C, Kalnin D, Villeneuve P, Le-
sieur P. DSC and high resolution X-ray diffraction coupling.
J Therm Anal Calorim 2006;85:219-24.

Fauconnier B, Komunjer L, Ollivon M, Lesieur P, Keller G,
Clausse D. Study of CCI3F hydrate formation and dissociation in
W/O emulsion by differential scanning calorimetry and X-ray
diffraction. Fluid Phase Equilib 2006;250:76-82.

Luong AT. Influence de la concentration en sel sur la formation
de phases solides dans des emulsions eau—dans—huile concen-
trées. Application 4 1’étude des hydrates de CCIsF. PhD thesis.
Compiégne. France; 2008.



	Dissociation enthalpies and phase equilibrium for TBAB �semi-clathrate hydrates of N2, CO2, N2 + CO2 and CH4 + CO2
	Abstract
	Introduction
	Materials and apparatus
	Experimental method
	Results and discussion
	TBAB semi-clathrate hydrates
	TBAB semi-clathrate hydrates of gas

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


