
Preparation and characterization of UV-cured acrylic
nanocomposites based on modified organophilic montmorillonites

R. Peila Æ G. Malucelli Æ A. Priola

ICTAC2008 Conference
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Abstract UV-cured nanocomposites have been prepared

through the photopolymerization of the acrylic resin

BEMA (Bisphenol A ethoxylate dimethacrylate) added

with organophifilic montmorillonites. Two types of com-

mercially available nanoclays namely Cloisite 30B and

Cloisite Na? were further modified with organic compati-

bilizers (dodecylsuccinic anhydride, octadecylamine,

octadecanoic alcohol and octadecanoic acid) in order to

increase their basal spacing and improve the dispersion in

the acrylic matrix. The modification with the organic

compatibilizers determined an increase of the interlayer

distance, as revealed by XRD (X-Ray Diffraction) analysis.

The different types of the modified nanoclays were then

dispersed in BEMA monomer at 5% m/m concentration

and UV-cured in order to prepare the nanocomposites.

XRD measurements performed on the nanocomposites

showed a slight increase of the interlayer distance indi-

cating the formation of intercalated structures. The photo-

polymerization reaction was monitored through real-time

FT-IR (Fourier Transform Infrared Spectroscopy) in order

to check any influence of the nanofillers on the cure

kinetics. The nanocomposites were investigated by DSC

(Differential Scanning Calorimetry) and TG (Thermo-

gravimetric) analyses and compared to the neat UV-cured

resin. The presence of the nanofillers did not influence the

glass transition temperature (Tg) of the acrylic resin; in

addition an increase of the thermal stability in air of the

nanocomposites was evidenced through TG analysis.
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Introduction

Naturally available layered silicate like montmorillonite

have received great attention as reinforcing materials for

polymers mainly thanks to their high aspect ratio, surface

area and possibility of intercalated/exfoliated morphology.

However, the high polarity of the nanoclays due to the

presence of strong ionic bonds between the silicate layers

and the intergallery cations makes difficult to obtain

intercalated/exfoliated nanocomposites in apolar polymers.

Thus, it becomes necessary to modify the structure of the

nanoclays, i.e., by exchanging the alkaline cations with

organic surfactants like alkyl ammonium or phosphonium

quaternary ions, which make the nanoclays organophilic

and improve the compatibility with the polymer matrix. If

intercalated/exfoliated morphology are achieved, it is

possible to obtain enhanced properties even at low con-

centrations (3–5% m/m) [1–4].

The nanocomposites are generally prepared either by

incorporating the nanofillers into the molten polymer or by

the in situ polymerization technique [5, 6]. As in situ poly-

merization, the UV curing technique represents an inter-

esting possibility. This method uses UV irradiation to start

the polymerization reaction of multifunctional monomers. It

requires the presence of a suitable photoinitiator that inter-

acts with the radiation, giving rise to the formation of free

radicals or cations to interact with the monomer and start the

curing reaction. The nanofillers are generally incorporated

into the liquid monomer, subsequently added of a small

amount of photoinitiator and then photopolymerized.

Compared to other polymerization, the UV-curing allows a
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good control of the swelling to ensure the penetration of the

resin in the intergallery region of the platelets; it is very fast

and can be easily controlled adjusting the light intensity. In

addition, it can be performed at ambient temperature and,

being a solvent-free technique, is environmentally friendly.

These advantages make this method very suitable for the

synthesis of polymer thermoset nanocomposites [7–15].

In this study, we have prepared UV-cured nanocom-

posites based on two different types of montmorillonites,

further modified with organic compatibilizers (dod-

ecylsuccinic anhydride, octadecylamine, octadecanoic

alcohol and octadecanoic acid). An acrylic resin (Bisphe-

nol-A ethoxylate dimethacrylate, BEMA) was used as

photocurable matrix. It was added of 5% m/m of the

modified organophifilic montmorillonites and subjected to

the UV-curing process. The morphology of the obtained

nanocomposites was investigated through XRD analysis,

which evidenced the formation of intercalated structures.

The nanocomposites were thermally investigated by

DSC and TG analyses.

Experimental

Materials

Two types of commercially available montmorillonite were

used: Cloisite Na? (Clo-Na) and Cloisite 30B (Clo-30B).

They were purchased from Southern Clay Product Inc.

(USA).

The CloNa was modified by ETHOQUAD (ETH) 0/12

(9-Octadecen-1-aminium, N,N-bis (2-hydroxyethyl)-N-

methyl chloride) purchased from AKZO NOBEL. The

obtained product was named Clo-ETH.

Dodecylsuccinic anhydride (DSA), octadecylamine

(ODA), octadecanoic alcohol (ODOH) and octadecanoic

acid (AcOD) were used as compatibilizers and were Aldrich

products.

Bisphenol-A ethoxylate (15 EO/phenol) dimethacrylate

(BEMA), from Aldrich, was used as photocurable matrix; it

was added of 2-hydroxy-2-methyl-1-phenyl-1-propanone

as photoinitiator, from CIBA.

Figure 1 shows the structure of the Clo-30B and Clo-Na

modifiers together with the compatibilizers employed.

Nanoclays modification

Clo-Na was treated with ETH in order to exchange Na?

ions with ammonium quaternary ions. A 1% m/m disper-

sion of Clo-Na in deionized water was added of ETH using

an excess of 20% with respect to the CEC (cations

exchange capacity) of Clo-Na. The dispersion was stirred

24 h at 333K. The exchanged Clo-Na was washed with

fresh water, monitoring the disappearance of the chloride

ions with AgNO3 solution.

Clo-ETH and Clo-30B were afterward modified with the

aforementioned organic compatibilizers. Five grams of the

nanoclays were dispersed in 2,2-dimethoxyethane at 348K.

A stoichiometric amount of each modifier with respect to

the –OH groups of the modified nanoclays was added and

the dispersion was kept for 2 h at 348K. It was then filtered

and washed with fresh solvent and left in oven at 343K

until constant dried mass was reached.

Some of the Clo-30B products modified with the

described organic compatibilizers were previously used for

the preparation of LDPE (low density polyethylene)

nanocomposites [16].

Preparation of the UV-cured nanocomposites

The modified nanoclays were dispersed into the liquid

BEMA monomer at a concentration of 5% m/m. The dis-

persions were kept in an ultrasonic bath (mod. Branson

1210) for 2 h at room temperature. The dispersions were

then added of 4% m/m of photoinitiator and coated on

polypropylene substrates (film thickness 100 lm). They

were subsequently cured with a medium vapor pressure Hg

UV lamp (Helios Italquartz) with a radiation intensity on

the surface of the samples of 20 mW/cm2. The samples

were UV-cured in N2 atmosphere.

Characterization techniques

The morphology of the modified nanoclays and of the

UV-cured nanocomposites was studied through XRD

analysis using a Philips X’Pert-MPD diffractometer (CuKa

radiation). Two 2h ranges were analysed: 2 \ 2h\ 30�,

with 0.02 D2h step and 2 s step time; 0.7 \ 2h\ 10�,

through wide angle X-ray scattering (WAXS) analysis,

with 0.01 Dh step and 20 s step time.

The cure kinetics was monitored by means of a Real-

Time FT-IR, using a Thermo-Nicolet 5700 instrument. The

liquid dispersions were placed on a silicon wafer and the

samples were exposed simultaneously to the UV light to

induce the photopolymerization and to the IR beam to

analyze the extent of the reaction. The photopolymerization
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Fig. 1 Structure of the montmorillonite modifiers and compatibiliz-

ers used
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was induced by a medium pressure Hg lamp equipped with

an optical wageguide (light intensity on the surface of the

sample of about 4 mW/cm2). The decrease of the metha-

crylic absorption peak, in the 1,620–1,660 cm-1 region,

was continuously monitored and at the end of the analysis

conversion versus irradiation time profiles were determined.

The polymerization reactions were performed at room

temperature and 25–30% RH (relative humidity).

The gel content (gel %) of the nanocomposites and of

the neat UV-cured resin was evaluated by measuring the

weight loss of the samples after 24 h extraction at room

temperature with CHCl3.

The glass transition temperatures (Tg) of the samples

were determined through differential scanning calorimetry

(DSC) using a Mettler DSC 30 instrument, equipped with a

low temperature probe, with a heating rate of 293K/min.

Thermogravimetric (TG) analyses were performed in air

(flow rate of 60 ml/min) using a Mettler TGA-SDTA 851

instrument from room temperature to 1023K with a heating

rate of 283K/min.

Results and discussions

Properties of the nanocomposites

The modified nanoclays were characterized through XRD

analysis in order to determine the interlayer distance. The

interlamellar basal spacing of the modified nanoclays and

of the nanocomposites are shown in Table 1. A clear

increase of the basal spacing d001 is evident for both the

nanoclay systems after the treatment.

It can be noted that Clo-ETH has practically the same

spacing of Clo-30B, in agreement with the similar structure.

The interaction of Clo-ETH with the different compatibi-

lizers indicates that only DSA gave rise to a strong increase

of the basal spacing. This can be attributed to the reaction of

the DSA succinic group with the OH of Clo-ETH.

As far as modified Clo-30B is concerned, Table 1 shows

an average increase of the basal spacing of more than 20 Å

for all the compatibilizers. This behavior can be attributed

to the different structure of the ammonium ion of Clo-ETH

with respect to Clo-30B (Fig. 1).

The modified nanoclays were subsequently dispersed

into the BEMA monomer. The dispersions were analyzed

through XRD analysis both before and after the photopo-

lymerization. No difference was observed for the interla-

mellar distance values of the liquid dispersions and of the

nanocomposite. Therefore, the intercalation was achieved

in the liquid dispersions and was maintained in the

UV-cured nanocomposites. Thus only the interlamellar

distances of the nanocomposites are reported in Table 1.

Figures 2 and 3 report some typical XRD patterns of the

same nanocomposites.

The nanocomposites based on the modified Clo-ETH

showed Dd values similar to those obtained for the modi-

fied Clo-30B, indicating that BEMA monomer entered the

nanoclay galleries in the same way.

In order to check the effect of the presence of the

nanofillers on the photopolymerization kinetics, the UV-

curing was followed by means of real time FT-IR technique,

monitoring the decrease of the methacrylic absorption peak

in the 1,620–1,660 cm-1 region. The curing process was

triggered by using a medium pressure Hg lamp equipped

with an optical wageguide. The double bonds conversion as

a function of the irradiation time for the neat resin and for

the nanocomposites based on the modified Clo-ETH and

Clo-30B are plotted in Figs. 4 and 5, respectively.

Table 1 d001 values of the modified nanoclays and nanocomposites

?DSA ?ODA ?ODOH ?AcOD

Clo-Na 12.0 – – – –

Clo-ETH 17.3 34.2 (16.9) 17.4 (0.1) 17.5 (0.2) 18.6 (1.3)

BEMA ? Clo-ETH 30.4 (13.1) 43.5 (26.2) 39.9 (22.6) 35.2 (17.9) 36.3 (19.0)

Clo-30B 18.4 38.2 (19.8) 40.3 (21.9) 42.6 (24.2) 39.2 (20.8)

BEMA ? Clo-30B 41.2 (22.8) 42.3 (23.9) 44.1 (25.7) 40.2 (21.8) 41.4 (23.0)

Unites: Å; in parenthesis Dd001 differences, calculated with respect to precursor Clo-ETH or Clo-30B nanoclay, are given
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Fig. 2 XRD patterns of the nanocomposites based on the modified

Clo-Na nanoclays
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It can be noted that in any case the photopolymerization

proceeded rapidly and reached the asymptotic value

(between 95 and 100%) after about 10 s. The presence of

5% m/m of nanoclays in the UV-curable systems did not

affect the curing rate as shown by the slope of the con-

version curves. The maximum degree of conversion of the

nanocomposites was slightly higher with respect to that of

the neat resin. This may be attributed to some scattering

phenomena due to the presence of the silicate platelets that

interfered with the UV-light.

The Tg values of the nanocomposites, as determined by

DSC analysis, are collected in Table 2. The obtained results

indicated that all the nanocomposites exhibited the same Tg

values, which are very close to that of the neat UV-cured

BEMA resin. Therefore, we can conclude that the interca-

lation effect evidenced by XRD analysis did not influence

the mobility of the polymer chains. In the same table, the

gel% values of the systems are reported. In any case high gel

content (in between 94 and 98%) was achieved.

TG analysis

The thermogravimetric analysis performed in air on the

nanoclay powders showed different steps of degradation

for the modified and unmodified nanoparticles. The thermal

degradation of the unmodified Clo-Na, in Fig. 6, shows one

step of mass loss which is around 363K and is attributable

to the loss of water molecules present in the interlayer

region or on the surface of the nanoclays.

TG derivative curves related to the modified Clo-ETH

and Clo-30B (Fig. 7) showed two main peaks of degrada-

tion at about 353K and 533K. This latter is due to the

degradation of the organic modifiers. Although the origin

of the step of degradation is not fully understood, according

to Edwards [17] and to Leszczynska [18] it may be related

to the diffusion of the compatibilizers and to changes in the

pathway of degradation.
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Fig. 3 XRD patterns of the nanocomposites based on the modified

Clo-30B nanoclays
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Fig. 4 RT-IR spectra of the UV-curable systems based on modified

Clo-Na nanoclays
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Fig. 5 RT-IR spectra of the UV-curable systems based on modified

Clo-30B nanoclays

Table 2 Gel% and Tg values of the BEMA nanocomposites

Sample Tg (K) Gel (%)

Pure BEMA 231 95

BEMA ? Clo-Na 230 94

BEMA ? Clo-ETH 227 94

BEMA ? Clo-ETH ? DSA 227 95

BEMA ? Clo-ETH ? ODA 228 96

BEMA ? Clo-ETH ? ODOH 228 96

BEMA ? Clo-ETH ? AcOD 227 96

BEMA ? Clo-30B 228 98

BEMA ? Clo-30B ? DSA 227 98

BEMA ? Clo-30B ? ODA 227 97

BEMA ? Clo-30B ? AcOD 227 98

BEMA ? Clo-30B ? ODOH 228 97
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In Fig. 8, the TG curves of the BEMA nanocomposites

based on the modified Clo-Na are reported. Three degra-

dation steps are detectable from the obtained curves. The

first step is attributable to the loss of water in the region

around 363K; in the range of temperatures between 473K

and 673K the main degradation step of the polymeric

material was observed. The final step around 773K is due

to the reaction of the pyrolysis products with the oxygen. In

Table 3, the temperatures corresponding to a mass loss of

10% (T10) and 50% (T50) of the nanocomposites are

collected together with the char content. In any case, the

presence of the modified nanoclays slightly improved the

thermal stability in air of BEMA in terms of temperature of

initial degradation (T10). The char values are in agreement

with the pure silicate content of the nanoclays.

Figure 9 shows the TG curves in air of the BEMA

nanocomposites based on the modified Clo-30B nanoclays.

The T10 and T50 together with the char content are col-

lected in Table 3. A similar type of thermal degradation

behaviour as observed for the modified Clo-Na nanocom-

posites is evident, although slightly higher T10 values were

obtained. This could be related to the higher intercalation

values of such nanocomposites, as reported in Table 1.
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Fig. 6 Thermal degradation curves of the unmodified and modified

nanoclays
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Fig. 7 Derivatives of the thermal degradation curves of the unmod-

ified and modified nanoclays

Table 3 Thermal stability of the BEMA nanocomposites

Sample T10 (K) T50 (K) Char

content (%)

Pure BEMA 503 613 0

BEMA ? Clo-Na 505 613 4.7

BEMA ? Clo-ETH 517 620 3.8

BEMA ? Clo-ETH ? DSA 509 612 3.4

BEMA ? Clo-ETH ? ODOH 510 605 3.3

BEMA ? Clo-ETH ? AcOD 501 592 3.3

BEMA ? Clo-ETH ? ODA 510 607 3.2

BEMA ? Clo-30B 511 605 3.8

BEMA ? Clo-30B ? DSA 516 616 3.3

BEMA ? Clo-30B ? ODA 516 607 3.2

BEMA ? Clo-30B ? AcOD 505 605 3.4

BEMA ? Clo-30B ? ODOH 515 606 3.3
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Fig. 8 TG curves in air of the BEMA nanocomposites based on the

modified Clo-Na nanoclays
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Fig. 9 TG curves in air of the BEMA nanocomposites based on the

modified Clo-30B nanoclays
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Conclusions

The preparation of nanocomposites via photopolymeriza-

tion of dispersions of organophilic modified montmorillo-

nites in an acrylic resin was investigated. Different organic

compatibilizers (dodecylsuccinic anhydride, octadecyl-

amine, octadecanoic alcohol and octadecanoic acid) were

used as modifiers of two types of commercially available

nanoclays, namely Cloisite 30B and Cloisite Na?. An

increase of their basal spacing, as revealed by XRD anal-

ysis, was achieved. The modified nanoclays were then

dispersed in the acrylic resin at 5% m/m concentration and

UV-cured. The conversion versus time profile showed that

the presence of the nanoclays did not affect the curing rate

and the final conversion of the acrylic double bonds. XRD

measurements performed on the nanocomposites showed a

slight increase of the interlayer distance indicating the

formation of intercalated structures. DSC analysis evi-

denced that the Tg of the nanocomposites did not change

with respect to the neat UV-cured resin in the presence of

5% m/m of the nanofillers. TG analysis in air showed a

slight increase of the initial thermal degradation tempera-

tures of the nanocomposites.

Acknowledgements The final support of Regional Project (Pied-

mont D26 2004) is gratefully acknowledged.

References

1. Kumar AP, Depan D, Tomer N, Singh RP. Nanoscale particles

for polymer degradation and stabilization—trends and future

perspectives. Prog Polym Sci. 2009;34:479–515.

2. Pavlidou S, Papaspyrides CD. A review on polymer-layered sil-

icate nanocomposites. Prog Polym Sci. 2008;33:1119–98.

3. Zidelkheir B, Abdelgoad M. Effect of surfactant agent upon the

structure of montmorillonite. J Therm Anal Cal. 2008;94:181–7.

4. Ray SS, Okamoto M. Polymer/layered silicate nanocomposites: a

review from preparation to processing. Prog Polym Sci.

2003;28:1539–641.

5. Rozenberg BA, Tenne R. Polymer-assisted fabrication of nano-

particles and nanocomposites. Prog Polym Sci. 2008;33:40–112.

6. Karasu F, Aydin M, Kaya MA, Balta DK, Arsu N. Determination

of photoinitiated polymerisation of multifunctional acrylates with

acetic acid derivatives of thioxanthone by RT-FTIR. Prog Org

Coat. 2009;64:1–4.

7. Rozenberg BA, Tenne R. Polymer-assisted fabrication of nano-

particles and nanocomposites. Prog Polym Sci. 2008;33:40–112.

8. Decker C, Keller L, Zahouily K, Benfarhi S. Synthesis of nano-

composite polymers by UV-radiation curing. Polymer. 2005;

46:6640–8.

9. Shichang L, Wei Z, Song L, Wenfang S. A novel method for

preparation of exfoliated UV-curable polymer/clay nanocom-

posites. Eur Polym J. 2008;44:1613–9.

10. Fogelstrom L, Antoni P, Malmstrom E, Hult A. UV-curable

hyperbranched nanocomposite coatings. Prog Org Coat. 2006;55:

284–90.

11. Keller L, Decker C, Zahouily K, Benfarhi S, Le Meins JM,

Miehe-Brendle J. Synthesis of polymer nanocomposites by UV-

curing of organoclay–acrylic resins. Polymer. 2004;45:7437–47.

12. Owusu-Adom K, Allan Guymon C. Photopolymerization kinetics

of poly(acrylate)–clay composites using polymerizable surfac-

tants. Polymer. 2008;49:2636–43.

13. Landry V, Riedi B, Blanchet P. Nanoclay dispersion effects on

UV coatings curing. Prog Org Coat. 2008;62:400–8.

14. Uhl FM, Webster DC, Davuluri SP, Wong SC. UV curable epoxy

acrylate–clay nanocomposites. Eur Polym J. 2006;42:2596–605.

15. Chartoff R. Thermal characteristics of thermosets formed by free

radical photocuring. J Therm Anal Cal. 2006;85:213–7.

16. Peila R, Lengvinaite S, Malucelli G, Priola A, Ronchetti S.

Modified organophilic montmorillonites/LDPE nanocomposites.

J Therm Anal Cal. 2008;91:107–11.

17. Edwards G, Halley P, Kerven G, Martin D. Thermal stability

analysis of organo-silicates, using solid phase microextraction

techniques. Thermochim Acta. 2005;429:13–8.

18. Leszczynska A, Pielichowski K. Application of thermal analysis

methods for characterization of polymer/montmorillonite nano-

composites. J Therm Anal Cal. 2008;93:677–87.

844 R. Peila et al.

123


	Preparation and characterization of UV-cured acrylic nanocomposites based on modified organophilic montmorillonites
	Abstract
	Introduction
	Experimental
	Materials
	Nanoclays modification
	Preparation of the UV-cured nanocomposites
	Characterization techniques

	Results and discussions
	Properties of the nanocomposites
	TG analysis

	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


