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Abstract Ceria-supported platinum catalysts were used

to produce hydrogen by isobutane steam reforming. The

influence of gadolinia, as a trivalent cationic oxide (M2O3)

dopant at 0–20%, is investigated here. The gadolinia con-

tent in the catalysts did not correlate well with reforming

activity. The platinum dispersion ranged from 29 to 38% as

measured by the propylene hydrogenation method and it

did correlate well with reforming activity.
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1 Introduction

Autothermal and steam reforming of higher hydrocarbons

can be catalyzed by noble metals supported by reducible

oxides (redox supports). These catalysts gained importance

as three-way catalysts because of their wide usage in

vehicle exhaust treatment to achieve simultaneous control

of CO, hydrocarbons, and NOx emissions [1]. Redox sup-

ports like ceria undergo oxidation/reduction, acting as an

oxygen buffer, releasing oxygen in times of oxygen

deficiency and storing oxygen in times of oxygen surplus

[2, 3].

Gorte et al. [4, 5] carried out steam reforming of various

hydrocarbons like n-butane, n-hexane, n-octane, benzene,

and toluene on Pd/ceria and Pd/alumina catalysts between

620 and 700 K. The Pd/ceria catalysts exhibited a higher

rate and selectivity compared to the Pd/alumina catalysts.

They proposed a dual-function mechanism to explain

steam reforming on noble metal/ceria catalysts. According

to the mechanism, CeO2 transfers oxygen to the supported

metal and is reduced to Ce2O3. The reduced ceria is in turn

re-oxidized by water to CeO2. This way ceria supplies

oxygen to the hydrocarbons adsorbed on the supported

metal for oxidation.

Another key property that enhances the steam reforming

activity of noble metal/ceria catalysts compared to the

noble metal/alumina catalysts is the oxygen mobility from

the support to the active metal. One method of increasing

the oxygen mobility is by doping ceria with a trivalent

cationic oxide (M2O3) like gadolinia. Addition of gadolina

creates extrinsic vacancies based on the principle of charge

compensation. This increases the oxygen conduction in the

ceria support, as observed by Cho et al. [6] Wiemhofer

et al. [7] estimated the oxygen ion conductivity of

Ce0.8Gd0.2–xPrxO1.9 by impedance measurements. They

observed an improvement in the overall ionic conductivity

after doping ceria with the rare earth metals.

Argonne National Laboratory (ANL) investigated auto-

thermal reforming of higher hydrocarbon fuels like iso-

octane, toluene, 2-pentene, gasoline, diesel, etc. using a

flexible fuel processor [8, 9]. They used group VIII metals

on redox supports doped with rare earth metals, like

Pt/ceria doped with gadolinia [10, 11]. The doped-ceria

supported catalysts have a higher activity for many reac-

tions compared to the alumina supported catalysts [12, 13].

C. K. Acharya � A. M. Lane (&)

Department of Chemical and Biological Engineering,

The University of Alabama, Box 870203, Tuscaloosa,

AL 35401, USA

e-mail: alane@eng.ua.edu

T. R. Krause

Argonne National Laboratory, Electrochemical Technology

Program, 9700 South Cass Avenue, Bldg. 205, Argonne,

IL 60439, USA

123

Catal Lett (2008) 121:12–18

DOI 10.1007/s10562-007-9304-5



But Gorte et al. [14, 15] have noted that, depending on the

reaction considered, the dopants in ceria have a wide range

of influence on the rate of the reaction (higher, lower, and

similar to an undoped ceria). The influence of the gadolinia

doping in ceria for isobutane steam reforming is addressed

here.

Another factor that can influence the reforming activity

of a catalyst is the metal dispersion on a support.

For example, Kikuchi et al. [16] carried out steam reform-

ing on n-heptane using an Rh/Al2O3 (noble metal/non

reducible support) catalyst. They found that the activity of

the catalyst for the reaction decreased as the degree of

rhodium dispersion increased. The activity depended on the

proportion of face atoms, which decreased with an increase

in the degree of dispersion. But, the activity for the aro-

matization reaction of n-heptane increased with the

dispersion of rhodium. It becomes important to find a cor-

relation between the metal dispersion and the reforming

activity of the catalysts. So, a suitable method has to be

found to estimate the metal dispersion on a support.

The most common method adopted to estimate the metal

dispersion on supports like alumina, silica, and magnesia is

by chemisorption of gas probes like CO or H2 at room

temperature [17, 18]. The dispersion can be calculated by

measuring the amount of CO or H2 chemisorbed, assuming

a specific stoichiometry of adsorption.

But, when a noble metal such as platinum is dispersed

on a reducible support such as niobia or ceria, chemi-

sorption of gas probes such as CO or H2 at room

temperature is complicated due to the spillover of the gas

probes to the support or the metal-support interface from

the metal sites [19–21]. As a result the amount of CO or H2

chemisorbed can be greater than the number of metal atoms

dispersed on the surface of the support leading to an

overestimation of the metal dispersion [17, 22].

To overcome the spillover problem, Andersson et al.

[17] carried out the CO chemisorption on a Pt/ceria catalyst

at –78.5 �C (dry ice), a temperature expected to hinder the

spillover process. They observed a remarkable decrease in

the CO chemisorption at that temperature compared to the

CO chemisorption at room temperature (25 �C), but they

were not sure of the complete hindrance of the spillover

process at that temperature and also the CO uptake by

ceria. So, an alternative method for estimating the metal

dispersion on a reducible support was considered.

Gavalas et al. [23] suggested an indirect method for the

estimation of metal dispersion on a ceria support. They

estimated the metal dispersion on an alumina support by

chemisorption at room temperature (25 �C) and carried out

propylene hydrogenation, a structurally insensitive reac-

tion, on both the alumina and the ceria supported noble

metal catalysts at 0 �C under differential conditions.

A relationship was established between the dispersion and

the rate of propylene hydrogenation on the alumina sup-

ported catalyst, which was used to estimate the metal

dispersion on the ceria supported catalyst.

In a previous paper [23], we investigated the kinetics of

isobutane steam reforming on 0.5 wt% platinum on gado-

lina-doped ceria catalysts (hereafter designated Pt/CGO).

Our objective here is to analyze the influence of the gad-

olinia content and platinum dispersion on the activity and

activation energy of isobutane steam reforming. The reason

for carrying out isobutane steam reforming is that, when

hydrocarbons like gasoline are reformed autothermally,

they quickly break down to lower hydrocarbons like C4

during the partial oxidation stage and subsequently

undergo steam reforming as the rate limiting step [24].

Isobutane was hence used as a model fuel for carrying out

steam reforming.

2 Experimental

The isobutane steam reforming reactor was a 0.35 inch

quartz tube containing a quartz wool bed that supported the

catalyst. A furnace encompassing the quartz tube supplied

the heat for the reaction. The furnace was controlled using

the temperature from a thermocouple at the top of the

catalyst bed. There was also a thermocouple at the bottom

of the catalyst bed, which was connected to a temperature

recorder. The flow rate of isobutane (99.9%) and nitrogen

(99.99%), which was used as an internal standard gas and a

diluent, was controlled by mass flow controllers (UNIT,

8100 series). The deionized water was supplied by a syr-

inge pump (KD Scientific, model 100). The reactants were

mixed and vaporized by a heating tape before flowing into

the reactor. The products went to a condenser maintained at

room temperature and a drierite bed (anhydrous calcium

sulfate), where the water was removed. After removing

most of the condensable water, a sample was taken in a six-

way valve and injected into an HP 5890 Gas Chromato-

graph (GC), which had a Haysep DB packed column and a

TCD detector. The GC was connected to an SRI Peak-

Simple data acquisition system.

The catalyst formulations were developed at ANL [11].

The catalysts considered in this study were 0.5% Pt-CeO2

(Pt-CGO-0), 0.5% Pt-Ce0.95Gd0.05O1.975 (Pt-CGO-5), 0.5%

Pt-Ce0.9Gd0.1O1.95 (Pt-CGO-10), 0.5% Pt-Ce0.85Gd0.15

O1.925 (Pt-CGO-15), 0.5% Pt-Ce0.8Gd0.2O1.9 (Pt-CGO-20),

and a larger amount of 0.5% Pt-Ce0.8Gd0.2O1.9 (Pt-CGO-20

(B)) catalyst for screening experiments.

For use in the propylene hydrogenation method, a 0.5%

Pt–Al2O3 catalyst was prepared by impregnating a

platinum precursor, dihydrogen hexachloroplatinate

(H2PtCl6�6H2O, 99.99% metal basis) on an Al2O3 support

(basic, gamma, 99.99% metal basis). The precursor and the
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support were obtained from Alfa AESAR. Deionized water

was used as the solvent for the precursor material for

impregnation by incipient wetness method. The catalyst

was dried in air at 120 �C for 5 h and then calcined for 3 h

at 500 �C. The platinum dispersion was measured to be

41 ± 2%.

The reactions were carried out under differential and

integral conditions. Under differential conditions, 0.1 g of

a catalyst mixed with 0.1 g of SiC (diluent) was subjected

to steam reforming at five temperatures 450, 480, 500, 530

and 550 �C, 1.09 atm total pressure, 55,400 h–1 GHSV and

146 mL/min (STP) total flow rate. The H2O to C molar

ratio was 2 (stoichiometric ratio). The conversion was

always less than 10%. The measurements were taken after

1 h of reaction at a particular temperature until reproduc-

ible results were obtained. The integral conditions were

550 �C, 1.09 atm total pressure, 12,000 h–1 GHSV and

107 mL/min (STP) total flow rate. The catalyst weight used

was 0.5 g.

The chemisorption studies were carried out in a

Quantachrome CHEMBET-3000. A total of 2 g catalyst

was placed in the sample holder. The catalyst was cooled

down to room temperature after heating it in H2 at 500 �C

to remove the physisorbed water and to reduce the plati-

num to its metallic state. A total of 2 mL CO was injected

into the He stream at the injection port for the chemi-

sorption. A TCD measured the CO gas that was not

chemisorbed on the catalyst. The CO injection was con-

tinued until saturation, which was indicated by a constant

CO peak in the SRI PeakSimple data acquisition system.

The CO chemisorption at –78.5 �C was carried out by

immersing the sample holder in a dry ice bath.

The propylene hydrogenation reactor consisted of a

0.25-inch quartz U tube containing a quartz wool bed that

supported the catalyst. The flow rate of propylene, hydro-

gen and nitrogen were controlled by the UNIT mass flow

controllers. The gases were mixed before entering the

reactor. The heat required for pretreatment was supplied by

a furnace encompassing the reactor. The furnace was

controlled using the temperature from a thermocouple at

the top of the catalyst bed. The temperature required to

carry out the propylene hydrogenation reaction (0 �C) was

achieved by immersing the reactor in an ethylene glycol

cooling bath. A sample of the product gases was taken in

the six-way valve and injected into the GC which was used

to analyze the product gases of the steam reforming

reactions.

The propylene hydrogenation was conducted under

differential conditions. A total of 20 mg 0.5% Pt–Al2O3

catalyst was mixed with 200 mg of SiC and used as a

catalyst for the reaction. The catalyst was pretreated by

reducing it in H2 at 500 �C for 1 h. It was then cooled

down to room temperature. The reactor was then immersed

in an ethylene glycol cooling bath to maintain the reaction

temperature at 0 �C. The total flow rate and the space

velocity were 128 mL/min and 48,700 h–1, respectively.

The reaction product was sampled after 1 h of reaction

until reproducible results were obtained. The same proce-

dure was adopted for the ceria supported catalysts.

3 Results and Discussion

The purpose of doping gadolinia in the ceria support was to

increase the oxygen mobility by creating vacancies, which

leads to an increase in the catalytic activity. This hypoth-

esis was tested here. To test the effect of gadolinia doping

on the activity of the catalysts, the activation energy was

calculated from the Arrhenius plot which is shown in

Fig. 1. The slope of the straight lines was used to calculate

the activation energy of the catalysts. It was then compared

to the corresponding steam reforming activity (hydrogen

yield) at 550 �C, as shown in Fig. 2. The hydrogen yield

was measured as soon as the integral steam reforming

reactions were stabilized. The error bars in the figure rep-

resent the standard deviation of the data, obtained by

multiple experiments. Figure 3 shows the correlation of

hydrogen yield to Pt dispersion.

The correlation tests between the various parameters

such as gadolinia composition, activation energy, H2 yield,

isobutane conversion (at 550 �C), and platinum dispersion

(discussed later) are shown in Fig. 4. Even though, the H2

yield and the isobutane conversion are not necessarily

coupled to each other, Fig. 4(a) shows that there was a very

good correlation between them (R2 = 0.99). Therefore, H2

yields were chosen to analyze the activation energies of the

catalysts in Fig. 2.

The Pt-CGO-5 catalyst had the smallest activation

energy and it increased with the gadolinia content. The
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activation energies of the catalysts with gadolinia content

more than 10% were greater than the catalyst without any

gadolinia doping. The activation energies of the Pt-CGO-

20 and the Pt-CGO-20 (B) catalysts were the same, which

could be because of the same gadolinia composition in the

catalysts. The activation energy of the Pt-CGO-5 catalyst

was the lowest among the catalysts considered, which

could be due to the presence of gadolinia. However, this

difference was very small and was within the margin of

experimental error. The correlation between the gadolinia

doping and activation energies of the catalysts as shown in

Fig. 4b was not very good (R2 = 0.70). Consequently, the

influence of gadolinia composition on the activation energy

of the catalysts was minimal.

The hydrogen yields and the isobutane conversion of the

catalysts did not correlate well with the activation energies

and gadolinia composition of the catalysts as shown in

Fig. 4c–f. The catalysts with lower activation energies had

lower activity for the hydrogen production compared to the

catalysts with higher activation energies as shown in Fig. 2.

Even though the Pt-CGO-20 and the Pt-CGO-20 (B) cata-

lysts had the same activation energies, they had different

activity. The catalysts with lower activation energy should

have higher catalytic activity according to our previous work

[24]. This suggests another parameter influenced the activity

of the catalysts in addition to the activation energies. The

platinum dispersion on the supports was considered as a

possible factor, and it was not incorporated in our previous

work [24]. The correlation between platinum dispersion and

activation energies will also be analyzed.

The platinum dispersion on the fresh catalysts shown in

Fig. 3 was estimated by the propylene hydrogenation
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method. The catalyst without the gadolinia doping had the

highest platinum dispersion and the catalyst with the 5%

gadolinia doping had the least platinum dispersion.

The platinum dispersion on the Pt-CGO-20 catalyst was

slightly higher than the Pt-CGO-20 (B) catalyst. The

platinum dispersion in all the catalysts ranged between 29
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and 38%. The correlation between platinum dispersion and

activation energy was not good (R2 = 0.21), which is

shown in Fig. 4g. This suggests that the influence of the

platinum dispersion on the activation energy was not

significant.

There was a good correlation between the platinum

dispersion and the activity of the catalysts, as shown in

Fig. 4h and i. The hydrogen yield of the catalysts increased

with an increase in the platinum dispersion as shown in

Fig. 3. Even though the Pt-CGO-20 and the Pt-CGO-20 (B)

catalysts had the same gadolinia doping they had different

reforming activity because of the different platinum dis-

persions. So, the platinum dispersion on the CGO supports

appears to influence the activity of the catalysts for the

steam reforming reaction, and its influence overwhelmed

any influence from the gadolinia composition. The corre-

lation tests show that the hydrogen yield and the isobutane

conversion follow the platinum dispersion much better than

the gadolinia content.

The platinum dispersion on the CGO-20 (B) support was

also estimated by CO chemisorption at room and dry ice

temperature assuming a 1:1 stoichiometry of the CO

chemisorbed and the platinum dispersed on the surface of

the support. Primet et al. [25] also used the same

assumption to calculate the platinum dispersion on ceria

and niobia supports by O2 or H2 chemisorption. The plat-

inum dispersion was 65± 3% and 59 ± 2% at room and dry

ice temperature, respectively. The platinum dispersion

estimated at dry ice temperature was lower than the room

temperature chemisorption, suggesting a hindrance of CO

spillover from the metal to the support. Further studies

must be done to corroborate the complete hindrance of the

spillover phenomena at –78.5 �C. However, the platinum

dispersion of the catalyst estimated by the propylene

hydrogenation method was much lower than the numbers

obtained by the chemisorption methods. This indicated a

significant amount of spillover of the CO from the metal to

the support at room and even dry ice temperature.

To estimate the amount of CO chemisorbed on the CGO

support in the absence of the platinum, the CO chemi-

sorption on the CGO support was carried out at room and

dry ice temperature. There was negligible chemisorption at

both the temperatures.

4 Conclusion

The gadolinia content in Pt/CGO catalysts on steam

reforming activity was compared to the activation energy.

In the right proportion (5%), the gadolinia doping mar-

ginally lowered the activation energy of the catalyst

compared to that without any gadolinia doping. The acti-

vation energy of the catalysts slightly increased with the

gadolinia composition, and the catalysts with the same

gadolinia composition had the same activation energy.

However, the influence of gadolinia composition on the

activation energy of the catalysts was minimal. The acti-

vation energies of the catalysts did not correlate well with

the reforming activity of the catalysts.

The platinum dispersion on all the catalysts estimated by

the propylene hydrogenation method and the reforming

activity of the catalysts showed a good correlation. The

activity of the catalysts increased with the platinum dis-

persion. The influence of platinum dispersion on the

activity of the catalysts overwhelmed the influence of

gadolinia doping on the catalysts.

The platinum dispersions on the CGO-20 (B) support

estimated by CO chemisorption at room and dry ice tem-

perature were higher than the value estimated by the

propylene hydrogenation method because of the spillover

of the CO from the metal to the support. This confirms that

CO chemisorption is not a good method to estimate the

platinum dispersion on CGO supports.

Acknowledgments The authors would like to acknowledge David

Carter of the Chemical Engineering Division at Argonne National

Laboratory for his assistance with preparation of the catalysts. This

work was supported by the U.S. Department of Energy, Office of

Energy Efficiency and Renewable Energy, Hydrogen, Fuel Cells, and

Infrastructure Technologies Program. Argonne National Laboratory is

operated by UChicago Argonne, LLC, for the Department of Energy

under Contract No. DE-AC02-06CH11357.

References

1. Kim G (1982) Ind Eng Chem Prod Res Dev 21:267

2. Cordatos H, Gorte RJ (1996) J Catal 159:112

3. Holmgren A, Azarnoush F, Fridell E (1999) Appl Catal B 22:49

4. Wang X, Gorte RJ (2001) Catal Lett 73:15

5. Wang X, Gorte RJ (2002) Appl Catal A 224:209

6. Cho BK (1991) J Catal 131:74

7. Lubke S, Wiemhofer HD (1999) Solid State Ionics 117:229

8. Ahmed S, Krumpelt M, Kumar R, Lee SHD, Carter JD, Wil-

kenhoener R, Marshall C (1998) 1998 Fuel Cell Seminar, Palm

Spring, CA. November pp 16–19

9. Pereira C, Bae JM, Ahmed S, Krumpelt M (2000) US Department

of Energy, 2000 Hydrogen Program Technical Review, San

Ramon, CA. May 09

10. Kramarz KW, Bloom ID, Kumar R, Ahmed S, Wilkenhoener R,

Krumpelt M (2001) US 6,303,098. October 16

11. Krumpelt M, Ahmed S, Kumar R, Rajiv D (1999) US 5,929,286.

July 27

12. Wang J, Li C-H, Huang T-J (2005) Catal Lett 103:239

13. Rioche C, Kulkarni S, Meunier FC, Breen JP, Burch R (2005)

Appl Catal B 61:130

14. Wang X, Gorte RJ (2003) Appl Catal A 247:157

15. Zhao S, Gorte RJ (2003) Appl Catal A 248:9

16. Kikuchi E, Ito K, Ino T, Morita Y (1977) J Catal 46:382

17. Holmgren A, Andersson B (1998) J Catal 178:14

18. Eskinazi V (1982) Appl Catal 4:37

19. Summers JC, Ausen SA (1979) J Catal 58:131

20. Sanchez MG, Gazquez JL (1987) J Catal 104:120

Analysis of Gd Level and Pt Dispersion on Ceria Support 17

123



21. Pozdnyakova O, Teschner D, Wootsch A, Krohnert J, Steinhauer

B, Sauer H, Toth L, Jentoft FC, Knop-Gericke A, Paal Z, Schlogl

R (2006) J Catal 237:17

22. Teschner D, Wootsch A, Roder T, Matusek K, Paal Z (2001) Sol

State Ionics 141–142:709

23. Pantu P, Gavalas GR (2002) Appl Catal A 223:253

24. Acharya CK, Lane AM, Krause TR (2006) Catal Lett 106:41

25. Primet M, El Azar M, Frety R, Guenin M (1990) Appl Catal

59:153

18 C. K. Acharya et al.

123


	Analysis of Gd Level and Pt Dispersion on Ceria Support�for Isobutane Steam Reforming
	Abstract
	Introduction
	Experimental
	Results and Discussion
	Conclusion
	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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


