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Abstract Heats of adsorption of organic molecules are a
useful tool for the characterization of porosity and sur-
face chemistry of microporous materials. This work de-
scribes the possibility of using heats of adsorption of or-
ganic molecules, estimated from a methodology derived
from the Dubinin-Astakhov equation, for the characteriza-
tion of Pillared Interlayered Clays. The estimated heats were
compared with data determined directly by adsorption mi-
crocalorimetry. It is shown that the chemical nature of the
organic probe molecule strongly conditions the obtained re-
sults. The best agreement between calculated and experi-
mental values, amongst the probe molecules studied, was
found for toluene.

Keywords Vapour adsorption - Adsorption heats -
Microcalorimetry - Pillared-Clays - PILCs

1 Introduction

The applications of microporous materials—pore widths
less than 2 nm (Sing et al. 1985)—are well known as these
solids have a major impact in technological fields such as
adsorption or catalysis (Lu and Zhao 2004). The charac-
terization of microporous materials can obviously be made
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by a large number of techniques depending on the particu-
lar objective, but techniques that involve adsorption are be-
tween those more informative. By adsorption techniques it
is intended to include not only the standard nitrogen adsorp-
tion at —196 °C for the characterization of surface area and
porosity (Gregg and Sing 1982) but also the adsorption of
other probe molecules as, for instance in the case of cat-
alysts characterization, the adsorption of probe molecules
that are reactants or products of a given catalytic reaction.
The measurement of not only the adsorbed amounts but also
of properties such as the heat of adsorption can provide ad-
ditional useful information for the characterization of prop-
erties such as acidity-basicity, surface heterogeneity, or pore
confinement. Heats of adsorption can be estimated from ad-
sorption isotherms or directly measured by calorimetry (Lé-
toquart et al. 1973; Rouquerol et al. 1999). Heats of adsorp-
tion are also an important quantity in chemical engineering,
where heat balances and temperature changes are important,
for instance in adsorption or catalytic processes.

The amount of different molecules adsorbed on mi-
croporous materials can be successfully described by the
Dubinin-Astakhov (DA) equation in many adsorbate/
adsorbent systems (Dubinin 1961, 1979; Bansal et al.
1988 and Stoeckli et al. 1994). This equation is: w =
wo exp[—(A/E)"]; where the occupied adsorption volume
w is related to the limiting adsorption volume wg. The mag-
nitude A is the adsorption potential: A = RT In(p°/p),
being p° and p the saturation and equilibrium pressures,
respectively. The constant E (the characteristic energy of
adsorption) and n are temperature invariant parameters.
The values of E and n in this work were obtained by fit-
ting the DA equation to the experimental data (adsorp-
tion isotherms). The characteristic energy (E) being a pa-
rameter related to the adsorption energy, has been com-
pared with the heats of adsorption measured by calorimetry
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Table 1 Values for the coefficient of thermal expansion and the en-
thalpy of condensation used in (1)

n-hexane mesitylene  toluene
Coefficient of thermal 1.1x1073 94x10* 1.07x1073
expansion (K
Enthalpy of 29.12 47.51 37.10

condensation (kJ mol~!)

(Stoeckli et al. 1994; Gauden et al. 2004; Terzyk et al. 2006).
As shown elsewhere (Dubinin 1979; Stoeckli et al. 1994;
Terzyk et al. 2006) the isosteric heat of adsorption (¢*') can
be related to parameters from the DA equation by:

q" = E[(n1/0)"/" + («T/n)(n1/0)"/" ']+ L (1)

where o and L are the coefficient of thermal expansion and
the enthalpy of condensation of the adsorptive (Table 1), re-
spectively and 6 is the fraction of coverage (6 = w/wy).
The possibility of a viable methodology to estimate heats
of adsorption from one adsorption isotherm only is relevant
to the characterization of microporous materials, as well as
in the design of adsorbers, catalytic reactors and process de-
velopment. Some works have related the DA equation and
the calorimetric heats of adsorption (Stoeckli et al. 1994;
Gauden et al. 2004). Nevertheless, only very few studies
were made on this subject and, more important, the studies
are, to our knowledge, limited to only one type of microp-
orous materials, namely activated carbons. However, other
families of microporous materials are also relevant. This
is the case of the solids prepared from clays, namely the
Pillared Interlayered Clays (PILCs). The detailed descrip-
tion of the characteristics of PILCs is beyond the scope
of this text, and was reviewed elsewhere (Gil et al. 2000;
Vaughan 1988). Briefly, PILCs are prepared by the interca-
lation of oligomeric cationic species between the clay lay-
ers which, upon heating, are transformed in rigid pillars of
the corresponding oxide. The more studied PILCs are those
made of zirconium oxide or aluminium oxide pillars. PILCs
are essentially microporous materials, frequently of 1-2 nm
pore size; some of them can even present mesoporosity—
pore widths between 2 and 50 nm (Sing et al. 1985) with
potential applications in adsorption and in catalysis. In this
work we discuss, to our knowledge for the first time, the re-
lation between heats of adsorption determined directly by
microcalorimetry, and those estimated from the DA equa-
tion, for the adsorption of organic vapours in PILCs. The
organic vapours used in this study as probe molecules are
reactants or products of various catalytic reactions. For in-
stance, ethyl benzene was recommended for the characteri-
zation of acidity in microporous materials by the test reac-
tion of ethylbenzene disproportiontion (De Vos et al. 2002),
n-hexane is often used as reactant for testing the cracking

@ Springer

properties of zeolitic materials (Selvam et al. 2003), toluene
is one important reactant in alkylation reactions (Prokesova
et al. 2005) from which mesitylene can be one undesired re-
action product. Toluene also plays an important role in vari-
ous adsorption processes (Ruthven 1984).

2 Experimental
2.1 Materials and methods

The pillared interlayered clays (PILCs) were prepared from
natural clays collected in three different locations namely
a clay from Wyoming, USA, which will be identified by
WYO and two Portuguese clays, labeled BEN and PTS.
The characterization of these parent clays, as well as the
methodologies of preparation of the PILCs, was exten-
sively described in previous works (Carvalho et al. 1996;
Guil et al. 2002; Jerénimo et al. 2007). Relevant character-
istics of the prepared materials are given in Table 2. Sur-
face areas and micropore volumes were obtained from ni-
trogen adsorption at —196 °C using automatic apparatus ei-
ther from Coulter (mod. Omnisorp 100 CX) or from Mi-
cromeritics (Asap 2010). Chemical analysis (to obtain the
density of pillars) was made by ICP. The calculation of the
numeric values of the density of pillars was discussed de-
tailed in the literature (Pires et al. 1997). Briefly the values
were obtained by considering the number of Alj3 oxide pil-
lars or tetramic Zr oxide pillars (obtained by ICP), divided
by half of the total area of the initial smectite caly, which is
near 750 m? g~ (Mott, 1988). To evaluate the basal spac-
ing of the PILCs, X-ray diffractograms were obtained in
a Philips PX 1820 diffractometer. Heats of adsorption of
organic vapors were measured in a Tian-Calvet type mi-
crocalorimeter from Setaram (mod. BT) (Guil et al. 2002;
Jer6nimo et al. 2007). The microcalorimeter was coupled
to a volumetric adsorption apparatus, so the adsorption
isotherms of the organic vapours were determined simulta-
neously with the calorimetric measurements.

3 Results and discussion

Figure 1 shows the results for adsorption of ethylbenzene on
PILC-1 and PILC-2 prepared from the same parent clay but
with two types of pillars namely aluminium oxide (PILC-1)
and zirconium oxide (PILC-2). As previously discussed
namely from the results of pyridine adsorption (which are in
line also with catalytic results) the PILC with zirconium ox-
ide is somewhat more acidic (Jeronimo et al. 2007). The acid
groups on the surface interact with the ethylbenzene mole-
cule being responsible for the higher calorimetric heats (cir-
cles) at low coverage; they are higher than those for the alu-
minium oxide PILC. As coverage increases, the heat of ad-
sorption tends to decrease, since the more energetic sites had
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Fig. 1 Heats of adsorption of ethylbenzene at 80 °C in the indicated
samples. o—experimental, from Jerénimo et al. (2007); B—equation
(1); 0—equation (1) corrected by adding the heat of fusion

been already occupied. At higher coverage an increase can
be noticed (for instance around 0.6 mmol- g_l for PILC-1)
which is ascribed to the increase of lateral interactions be-
tween the adsorbed molecules (Pope 1986).

Comparison between the calorimetric heats and those ob-
tained from the DA theory (closed squares), which is the fo-
cus of the present work, Fig. 1, shows that the values from
DA theory are lower than the calorimetric heats. Various au-
thors have proposed modifications to (1) (Terzyk 2006). In
the present work we tested to add to the right side of (1),
which already includes a term for the heat of condensation
(L), the heat of fusion. The heat of fusion is the energy ad-
sorbed (or evolved) for one mole of a substance to change
from a liquid to a solid. The values after this correction are
given as open squares (Figs. 1 to 4). This correction implic-
itly assumes that the adsorbed molecules are, energetically,
in a quasi-solid state. Nevertheless, even in this case, the
values for ethylbenzene adsorption (Fig. 1) are below the
calorimetric data, the difference with the experimental val-
ues, being the highest for the sample with zirconium oxide
pillars, that is, the more acidic sample.
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Fig. 2 Heats of adsorption of n-hexane at 4 °C in the indicated sam-
ples. Symbols as in Fig. 1. Experimental data from Guil et al. (2002)

Figure 2 gives the heats, calorimetric and from the DA
theory, for the adsorption of n-hexane on three PILCs with
aluminum oxide pillars, prepared with clays from three ori-
gins, as described in the experimental part (see also Table 2).
As a general comment, it can be seen that the values for
n-hexane are lower than those obtained for ethylbenzene
(Fig. 1; PILC-1) which is in line with the fact that the spe-
cific adsorption sites, such as the acid sites, have stronger
interactions with the m-electrons of the aromatic ring of the
ethylbenzene molecule. Additionally, dispersion forces are
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Fig.3 Heats of adsorption of mesitylene at 57 °C in the indicated sam-
ples. Symbols as in Fig. 1. Experimental data from Guil et al. (2002)

also expected to be more relevant for ethylbenzene than for
n-hexane, due to the higher number of carbon atoms. In the
case of n-hexane adsorption the experimental heats of ad-
sorption lie between the values estimated from the DA the-
ory considering only the heat of condensation and consider-
ing the heats of condensation plus the heat of fusion.

As an extreme case, we also tested the adsorption of
mesitylene (1,3,5-trimethylbenzene)—Fig. 3. This bulky
molecule is highly susceptive to steric effects and the in-
teractions with the surface groups are necessarily strong due

@ Springer

Table 2 Properties of the PILCs: basal spacing (dyo;) in nm; density

of pillars (np) per nm?; specific surface area (Aggr) in m? ¢~ ! and
microporous volume (V micro) in cm? g*l

Sample Parent clay Pillars dopot np ABET V micro
PILC-1 PTS AlLO3 1.77 048 252 0.093
PILC-2  PTS 7rO, 1.59 0.8 234 0.081
PILC-3 WYO Al O3 1.83 068 270 0.106
PILC-4 PTS AlLO3 1.63 0.60 250 0.078
PILC-5 BEN Al O3 1.73  0.68 302 0.118

to the aromatic ring plus the three methyl groups. The calori-
metric values are higher than the values from the DA theory
(irrespectively of the approximation made). The highest dif-
ference corresponds to PILC-4 sample. To obtain the heights
of the galleries the dimension of the clay sheets—0.96 nm—
(Grim 1968) must be subtracted from the dgg; in Table 2.
Since the heights of the galleries are lower than the diam-
eter of mesitylene (Guil et al. 2002), mesitylene molecules
have to adsorb parallel to the clay sheets. That allows total
interaction of all CH groups of the molecule with the layer
surface to take place enhancing to maximum solid-molecule
interactions. It should be noticed that, apparently, a relation
between the porous structure (particularly the dgg; values)
and the dimension of the molecules seems to be noticed es-
sentially for the larger mesitylene molecules. In this case,
Fig. 3, for comparable adsorbed amounts, the highest heats
correspond to the samples with lowest dgp; values.

In the case of toluene adsorption in the same three sam-
ples (Fig. 4), except for the region of very low adsorbed
amounts, where adsorption on the most energetic sites is
predominant, the calorimetric data agree relatively well in
a wide range of amounts adsorbed with the results from the
DA theory when the heat of fusion is considered. That is,
the energetics of the adsorption process of toluene in clays
pillared with the more commonly used oxide pillars (Gil
et al. 2000) (aluminum oxide and zirconium oxide) can be
described with the DA equation with a certain degree of
confidence. In this way, toluene adsorption heats at a given
temperature can be estimated from one adsorption isotherm
only.

It is interesting to note that the limiting adsorbed amounts
from the DA equation (wq) expressed as liquid volume ap-
proach the total microporous volume obtained from low
temperature nitrogen adsorption (Guil et al. 2002), except
for mesitylene due to the reasons discussed above. This
seems to indicate that, although in terms of packing the ad-
sorption of the studied molecules approach the liquid state,
in energetic terms the adsorbed phase is closer to the solid
phase.
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Fig. 4 Heats of adsorption of toluene at 42 °C in the indicated sam-
ples. Symbols as in Fig. 1. Experimental data from Guil et al. (2002)

4 Conclusion

The estimation of the heats of adsorption is an important
tool in the characterization of the porosity and the surface
chemistry of microporous materials and for the design of ad-
sorbers and catalytic reactors. Few methodologies allow the
estimation of the heats of adsorption, with a reduced num-
ber of experiments particularly when a microcalorimeter is
not available. The well-known Dubinin-Astakhov equation
allows an estimation of the heats of adsorption, from the

results of one adsorption isotherm only. In this way, this
method was applied to the adsorption of various organic
molecules in three pillared interlayered clays. In the case
of a molecule such as ethylbenzene or mesitylene, which
interact strongly with the surface the results from the DA
theory were always below the calorimetric data. In the case
of n-hexane where, due to the absence of the aromatic ring
and the lowest number of carbon atoms, interactions are
expected to be comparatively lower, the calorimetric data
was in between the results from the DA theory when only
the condensation heat, or the condensation plus fusion heat
were considered. Toluene revealed to be the more adequate
probe molecule, except at very low coverage (less than
0.05 mmolog_l) since, when the values obtained from the
DA theory are corrected by the heat of fusion the results
agree with the calorimetric data within 5% in a wide range
of amount adsorbed.

Acknowledgements Thanks are due to FCT, for funding CQB. MLP
thanks a post-doc grant SFRH/BPD/26559/2006. JMG wish to ac-
knowledge funding from the Comunidad Auténoma de Madrid, Spain
(Program S0505/ESP/0299).

References

Bansal, R.C., Donnet, J.B., Stoeckli, H.FE.: Active Carbon. Dekker, New
York (1988)

Carvalho, M.B., Pires, J., Carvalho, A.P.: Characterisation of clays and
aluminium pillared clays by adsorption of probe molecules. Mi-
croporous Mater. 6, 65-77 (1996)

De Vos, D.E., Emst, S., Perego, C., O’Connor, C.T., Stocker, M.: Stan-
dard reaction of the international zeolite association for acidity
characterization: Ethylbenzene disproportionation over LaNaY.
Microporous Mesoporous Mater. 56, 185-192 (2002)

Dubinin, M.M.: The potential theory of adsorption of gases and vapors
for adsorbents with energetically nonuniform surfaces. Chem.
Rev. 60, 235-241 (1961)

Dubinin, M.M.: Microporous structures of carbonaceous adsorbents.
In: Gregg, S.J., Sing, K.S.W., Stoeckli, H.F. (eds.) Characteri-
zation of Porous Solids, pp. 1-11. Soc. of Chem. Ind., London
(1979)

Gauden, P.A., Terzyk, A.P., Rychlicki, G., Kowalczyk, P., Cwiertnia,
S., Garbacz, J.K.: Estimating the pore size distribution of activated
carbons from adsorption data of different adsorbates by various
methods. J. Colloid Interface Sci. 273, 39-63 (2004)

Gil, A., Gandia, L.M., Vicente, M.: Recent advances in the synthesis
and catalytic applications of pillared clays. Catal. Rev., Sci. Eng.
42, 145-212 (2000)

Gregg, S.J., Sing, K.S.W.: Adsorption, Surface Area and Porosity. Aca-
demic Press, London (1982)

Grim, R.E.: Clay Mineralogy. McGraw Hill, New York (1968), p. 206

Guil, J.M., Perdigon-Melon, J.A., Carvalho, M.B., Carvalho, A.P,,
Pires, J.: Adsorption microcalorimetry of probe molecules of dif-
ferent size to characterize the microporosity of pillared clays. Mi-
croporous Mesoporous Mater. 51, 145-154 (2002)

Jerénimo, D., Guil, J.M., Corbella, B.M., Vasques, H., Miranda, A.,
Silva, J.M., Lobato, A., Pires, J., Carvalho, A.P.: Acidity char-
acterization of pillared clays through microcalorimetric measure-
ments and catalytic ethylbenzene test reaction. Appl. Catal. 330,
89-95 (2007)

@ Springer



292

Adsorption (2011) 17: 287-292

Létoquart, C., Rouquerol, F., Rouquerol, J.: Les chaleurs d’adsorption:
expression des chaleurs d’adsorption physique en terms d’energie
interne a partir des donnees experimentales. J. Chim. Phys. 70,
559-573 (1973)

Lu, G.Q., Zhao, X.S.: Nanoporous Materials. Imperial College Press,
London (2004)

Pires, J., Carvalho, M.B., Carvalho, A.P.: Aluminium-pillared clays:
Decomposition of the intercalating specie and textural properties.
Zeolites 19, 107-113 (1997)

Pope, C.G.: Sorption of benzene, toluene and p-xylene on silicalite and
H-ZSM-5. J. Phys. Chem. 90, 835-837 (1986)

Prokesova, P, Zilkova, N., Mintova, S., Bein, T., Cejka, J.: Catalytic ac-
tivity of micro/mesoporous composites in toluene alkylation with
propylene. Appl. Catal. A, Gen. 281, 85-91 (2005)

Rouquerol, F., Rouquerol, J., Sing, K.S.W.: Adsorption by Powders &
Porous Solids, Principles, Methodology and Applications. Acad-
emic Press, London (1999)

@ Springer

Ruthven, D.M.: Principle of Adsorption and Adsorption Processes. Wi-
ley, New York (1984)

Selvam, T., Bandarapu, B., Mabande, G.T.P., Toufar, H., Schwieger,
W.: Hydrothermal transformation of a layered sodium silicate,
kanemite, into zeolite Beta (BEA). Microporous Mesoporous
Mater. 64, 41-50 (2003)

Sing, K.S.W., Everett, D.H., Haul, R.A.W., Moscou, L., Pierotti, R.A.,
Rouquerol, J., Siemieniewska, T.: Reporting physisorption data
for gas/solid systems. Pure Appl. Chem. 57, 603-619 (1985)

Stoeckli, F., Jakubov, T., Lavanchy, A.: Water adsorption in active car-
bons described by the Dubinin-Astakhov equation. J. Chem. Soc.
Faraday Trans. 90, 783-786 (1994)

Terzyk, A.P., Gauden, P.A., Rychlicki, G.: Corrected thermodynamic
description of adsorption via formalism of the theory of volume
filling of micropores. J. Colloid Interface Sci. 298, 66-73 (2006)

Vaughan, D.E.W.: In: Burch, R. (ed.) Pillared Clays, Catalysis Today,
pp- 187-198. Elsevier, Amsterdam (1988)



	Heats of adsorption from the Dubinin-Astakhov model applied to the characterization of pillared interlayered clays (PILCs)
	Abstract
	Introduction
	Experimental
	Materials and methods

	Results and discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


