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Abstract Zinc ferrite (ZnFe2O4) catalysts were prepared

by a co-precipitation method using aqueous buffer solution

with different pH (pH = 6-12), and applied to the oxidative

dehydrogenation of n-butene to 1,3-butadiene. Conversion

of n-butene and yield for 1,3-butadiene showed volcano-

shaped curves with respect to pH value employed during the

co-precipitation step. NH3-TPD experiments were con-

ducted to correlate the acid property with the catalytic

performance of zinc ferrite catalysts. It was revealed that the

catalytic performance of zinc ferrite catalysts in the oxida-

tive dehydrogenation of n-butene was closely related to the

surface acidity of the catalysts. Conversion of n-butene and

yield for 1,3-butadiene increased with increasing surface

acidity of the catalysts. Among the catalysts tested, the zinc

ferrite catalyst prepared at pH = 8 showed the best catalytic

performance in the oxidative dehydrogenation of n-butene,

which was attributed to its largest surface acidity.
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1 Introduction

Selective oxidation of hydrocarbons has been considered to

be an important subject for the production of various

chemical intermediates in the petrochemical industries

[1, 2]. In particular, oxidative dehydrogenation of n-butene

has attracted much attention as a promising process for

producing 1,3-butadiene, an important raw material for

manufacturing various chemical products [1, 3–5].

A number of catalysts have been employed for the oxidative

dehydrogenation of n-butene, including bismuth molybdate

catalyst [5, 6], vanadium-containing catalyst [7], Cu-Mo

catalyst [8], and ferrite-type catalyst [9–11]. Among these

catalysts, zinc ferrite has been widely investigated as an

efficient catalyst for this reaction [12, 13].

It is well known that the oxidative dehydrogenation of

n-butene over zinc ferrite catalyst is affected by various

catalytic properties. However, many researchers agree that

acid property of the catalyst is one of the crucial factors

determining the catalytic performance in the oxidative

dehydrogenation of n-butene [14–17], because the reaction

follows the reaction mechanism by way of p-allyl inter-

mediate [11, 14, 18, 19]. It is generally accepted that the

initial hydrogen abstraction step from n-butene to form

p-allyl intermediate is the rate-determining step in the

oxidative dehydrogenation of n-butene. It has also been

reported that acid property of the catalyst plays a key role in

abstracting an a-hydrogen atom from n-butene for the for-

mation of p-allyl intermediate in this reaction [14, 20, 21].

Furthermore, it has been proposed that the catalytic activity

in the oxidative dehydrogenation of olefins is generally

governed by an activation of olefin over the acidic sites on

the catalyst surface [14, 15, 22].

Co-precipitation method has been generally used in the

preparation of zinc ferrite catalyst. In our previous work

[19], it was revealed that the catalytic performance of zinc

ferrite in the oxidative dehydrogenation of n-butene

strongly depended on the pH value employed during the

co-precipitation step. This indicates that the precise control
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of pH value during the co-precipitation step is very

important in the preparation of zinc ferrite catalyst for

oxidative dehydrogenation of n-butene. In the conventional

co-precipitation method, the metal precursor solution

(acidic solution) and sodium hydroxide solution (basic

solution) are simultaneously added into distilled water for

the preparation of zinc ferrite catalyst [23, 24]. The pH

value during co-precipitation step has also been adjusted by

controlling the injection rate of two solutions [19, 25].

However, controlling the pH value during the co-precipi-

tation step in a conventional method is difficult and less

reproducible, because the pH value is highly sensitive to

the acid and base strength of precursor solutions. There-

fore, it is expected that the pH value can be easily and

precisely controlled, if aqueous buffer solution instead of

distilled water is used as a co-precipitation medium. The

reproducibility of catalyst preparation would be much

improved, if aqueous buffer solution is used for the prep-

aration of zinc ferrite catalyst.

In this work, a series of zinc ferrite (ZnFe2O4) catalysts

were prepared by a co-precipitation method using aqueous

buffer solution (pH = 6–12) as a co-precipitation medium,

and applied to the oxidative dehydrogenation of n-butene

to 1,3-butadiene. The formation of zinc ferrite catalysts

was confirmed by XRD and ICP-AES measurements. The

acid properties of zinc ferrite catalysts were measured by

NH3-TPD experiments. A correlation between catalytic

performance and acid property of zinc ferrite catalysts was

then established.

2 Experimental

2.1 Preparation of Aqueous Buffer Solution

Seven aqueous buffer solutions in the pH range of 6–12

with an interval of 1 were prepared for use as a co-pre-

cipitation medium. Three categories of aqueous buffer

solutions with different pH were prepared, as listed in

Table 1. For the preparation of aqueous buffer solutions

with pH 6 and 7, a sodium tetraborate (Na2B4O7 � 10H2O,

Sigma-Aldrich) solution and a 37 wt.% hydrochloric acid

solution (Sigma-Aldrich) were used. After dissolving

57.2 g of sodium tetraborate in 1,000 mL of distilled water

at 50 �C under vigorous stirring, the solution was cooled at

room temperature. Hydrochloric acid solution was then

added dropwise into the sodium tetraborate solution until

the pH of the mixed solution became 6 and 7. The com-

mercially available aqueous buffer solutions with pH 8, 9,

and 10 were purchased from Samchun Chem. For the

preparation of aqueous buffer solutions with pH 11 and 12,

a sodium hydrogen carbonate (NaHCO3, Sigma-Aldrich)

solution and a 5 N sodium hydroxide solution (Sigma-

Aldrich) were used. A total of 42.0 g of sodium hydrogen

carbonate was dissolved in 1,000 mL of distilled water at

room temperature under vigorous stirring. Sodium

hydroxide solution was then added dropwise into the

sodium hydrogen carbonate solution until the pH of the

mixed solution became 11 and 12.

2.2 Preparation of Zinc Ferrite (ZnFe2O4) Catalysts

A series of zinc ferrite (ZnFe2O4) catalysts were prepared by

a co-precipitation method with a variation of pH value during

the co-precipitation step. A total of 1.4 g of zinc chloride

(ZnCl2, Sigma-Aldrich) and 5.6 g of iron chloride (FeCl3
6H2O, Sigma-Aldrich) were successively dissolved in

100 mL of distilled water. The metal precursor solution was

then added dropwise into an aqueous buffer solution for

co-precipitation under vigorous stirring. In order to prepare

the zinc ferrite catalysts at different pH, the aqueous buffer

solution with corresponding pH value was used as a

co-precipitation medium. During the co-precipitation step,

the initial pH value of the mixed solution was maintained

constant by the use of aqueous buffer solution. The resulting

solution was stirred vigorously at room temperature for 12 h

for complete co-precipitation, and then it was aged overnight

at room temperature. The precipitate was filtered and washed

with distilled water to obtain a solid product. The solid

product was dried overnight at 175 �C, and finally, it was

calcined at 650 �C for 6 h in a stream of air to yield the zinc

ferrite (ZnFe2O4) catalyst.

2.3 Characterization

The formation of zinc ferrite (ZnFe2O4) catalysts was

confirmed by XRD (MAC Science, M18XHF-SRA) mea-

surements. The Fe/Zn atomic ratios of the prepared

catalysts were determined by ICP-AES (Shimadz, ICP-

1000IV) analyses. The surface areas of zinc ferrite catalysts

were measured using a BET apparatus (Micromeritics,

ASAP 2000).

Table 1 Preparation of aqueous buffer solutions with different pH

pH Buffer solution Buffer system

6 Sodium tetraborate

(Na2B4O7 � 10H2O)

Na2B4O7 � 10H2O + 37% HCl

7 Na2B4O7 � 10H2O + 37% HCl

8 Commercial Commercial (pH = 8)

9 Commercial (pH = 9)

10 Commercial (pH = 10)

11 Sodium hydrogen

carbonate (NaHCO3)

NaHCO3 + 5 N NaOH

12 NaHCO3 + 5 N NaOH
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The acid properties of zinc ferrite (ZnFe2O4) catalysts

were measured by NH3-TPD experiments. Each catalyst

(0.3 g) was charged into a tubular quartz reactor of the

conventional TPD apparatus. The catalyst was pretreated at

200 �C for 1 h under a flow of helium (20 mL/min) to

remove any physisorbed organic molecules. Twenty milli

liter of NH3 was then pulsed into the reactor every minute

at room temperature under a flow of helium (5 mL/min),

until the acid sites were saturated with NH3. The physi-

sorbed NH3 was removed by evacuating the catalyst

sample at 100 �C for 1 h. The furnace temperature was

increased from room temperature to 600 �C at a heating

rate of 5 �C/min under a flow of helium (10 mL/min). The

desorbed NH3 was detected using a GC-MSD (Agilent,

MSD-6890N GC).

2.4 Oxidative Dehydrogenation of n-Butene

The oxidative dehydrogenation of n-butene to 1,3-butadi-

ene was carried out in a continuous flow fixed-bed reactor

in the presence of air and steam. Each catalyst (0.33 g) was

pretreated at 470 �C for 1 h with an air stream (16 mL/min).

Water was sufficiently vaporized by passing through a

pre-heating zone and continuously fed into the reactor

together with n-butene and air. C4 raffinate-3 containing

57.9 wt.% n-butene (1-butene (7.5 wt.%) + trans-2-

butene (33.9 wt.%) + cis-2-butene (16.5 wt.%)) was used

as a n-butene source, and air was used as an oxygen source

(nitrogen in air served as a carrier gas). The feed compo-

sition was fixed at n-butene:oxygen:steam = 1:0.75:15.

The catalytic reaction was carried out at 420 �C. The

GHSV (gas hourly space velocity) was fixed at 475 h-1 on

the basis of n-butene. Reaction products were periodically

sampled and analyzed with gas chromatographs. Conver-

sion of n-butene and selectivity for 1,3-butadiene were

calculated on the basis of carbon balance as follows. Yield

for 1,3-butadiene was calculated by multiplying conversion

and selectivity.

Conversion of n-butene =
moles of n�butene reacted

moles of n-butene supplied

Selectivity for 1,3-butadiene

=
moles of 1; 3� butadience formed

moles of n-butene reacted

3 Results and Discussion

3.1 Formation of Zinc Ferrite (ZnFe2O4) Catalysts

The formation of zinc ferrite (ZnFe2O4) catalysts was well

confirmed by XRD and ICP-AES measurements. Figure 1

shows the XRD patterns of zinc ferrite catalysts prepared at

different pH (pH = 6–12). Each phase was identified by its

characteristic diffraction peaks using JCPDS. Zinc ferrite

catalyst prepared at pH = 6 retained a mixed phase of

a-Fe2O3 and ZnFe2O4, while a pure zinc ferrite (ZnFe2O4)

phase was formed in the catalysts prepared at pH = 7–12,

in good agreement with the previous result [19].

The Fe/Zn atomic ratios of the catalysts prepared at

different pH are summarized in Table 2. The Fe/Zn atomic

ratio of the catalyst prepared at pH = 6 was much higher

than the theoretical value of 2.0, due to the presence of

a-Fe2O3 phase. On the other hand, the Fe/Zn atomic ratios

of the catalysts prepared at pH = 7–12 were in the range of

1.93–2.11, in good agreement with the theoretical value.

This result is well consistent with the XRD result (Fig. 1).

The above results indicate that zinc ferrite catalysts were

successfully formed by a co-precipitation method in the pH

range of 7–12, when aqueous buffer solution was used as a

co-precipitation medium. An advantage of the use of

aqueous buffer solution instead of distillated water as a

co-precipitation medium in the preparation of zinc ferrite

0807060504030201

6=Hp

8=Hp

7=Hp

9=Hp

01=Hp

11=Hp

21=Hp

)eerged( atehT 2

α eF- 2O3 eFnZ 2O4

In
te

ns
it

y 
(A

. U
.)

Fig. 1 XRD patterns of zinc ferrite catalysts prepared at different pH

(pH = 6–12)

Table 2 Atomic ratios and BET surface areas of zinc ferrite catalysts

prepared at different pH

pH Atomic ratio of Fe/Zn BET surface area (m2/g)

6 3.24 25.0

7 2.11 17.3

8 2.05 47.3

9 1.93 48.5

10 1.94 35.7

11 1.99 24.0

12 2.00 63.4
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catalyst is that the pH value of the co-precipitation

medium can be easily and precisely controlled during the

co-precipitation step, resulting in improved reproducibility

of catalyst preparation.

The BET surface areas of zinc ferrite catalysts prepared

by a co-precipitation method at different pH are also

summarized in Table 2. It was found that the BET surface

areas of the catalysts showed no consistent trend with

respect to pH value.

3.2 Catalytic Performance of Zinc Ferrite (ZnFe2O4)

Catalysts

Figure 2 shows the catalytic performance of zinc ferrite

catalysts in the oxidative dehydrogenation of n-butene at

420 �C after a 6 h-reaction, plotted as a function of pH

value. The conversion of n-butene showed a volcano-

shaped curve with respect to pH value. On the other hand,

the selectivity for 1,3-butadiene was high (ca. 90%) at

pH = 6–10, but was slightly decreased at pH = 11–12.

The yield for 1,3-butadiene also exhibited a volcano-

shaped curve with respect to pH value, and showed the

same trend as the conversion of n-butene with respect to

pH value. Among the catalysts tested, the zinc ferrite cat-

alyst prepared at pH = 8 showed the best catalytic

performance. The yield for 1,3-butadiene over zinc ferrite

catalyst prepared at pH = 8 was found to be 78.9%.

It is interesting to note that the catalyst prepared at

pH = 6 exhibited a relatively high catalytic performance,

although a-Fe2O3 phase that was less active in the oxida-

tive dehydrogenation of n-butene was detected in the

catalyst. However, this catalytic behavior can be explained

by the synergetic effect of a-Fe2O3 and ZnFe2O4. It was

previously reported that the phase cooperation caused by

the close contact between a-Fe2O3 and ZnFe2O4, which

facilitated oxygen transfer from a-Fe2O3 to ZnFe2O4, led to

the enhanced catalytic performance in the oxidative

dehydrogenation of n-butene [26].

3.3 Correlation Between Catalytic Performance

and Surface Acidity

In order to elucidate different catalytic performance of zinc

ferrite catalysts (Fig. 2), an attempt has been made to

correlate the catalytic performance with the BET surface

area (Table 2) of zinc ferrite catalysts. However, the cat-

alytic performance was not directly correlated with the

BET surface area of zinc ferrite catalysts.

NH3-TPD experiments were conducted in order to

investigate the effect of acid properties on the catalytic

performance of zinc ferrite catalysts. Figure 3 shows the

NH3-TPD profiles of selected zinc ferrite catalysts. All the

catalysts showed a broad NH3-TPD peak. It is noticeable

that no great difference in acid strength (peak temperature)

was observed with a variation of pH value. This means that

the acid strength could not be correlated with the catalytic

performance of zinc ferrite catalysts. However, the zinc

ferrite catalysts showed a significant difference in total

acidity (peak area) with respect to pH value. Therefore, our

attempts have been made to correlate the catalytic perfor-

mance with the acidity (acid amount) of the catalysts.

Unfortunately, it was found that the total acidity was not

directly correlated with the catalytic performance of zinc
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ferrite catalysts. However, a reliable correlation between

catalytic performance and surface acidity of the catalyst

could be established. The surface acidity was defined as the

amount of adsorbed NH3 per unit surface area of the

catalyst.

Figure 4 shows a comprehensive correlation between

yield for 1,3-butadiene and surface acidity of zinc ferrite

catalysts. The correlation clearly shows that the yield for

1,3-butadiene increased with increasing surface acidity of

the catalyst. This result is well consistent with the previous

results reporting that the surface acidity of the catalyst is

one of the crucial factors affecting the catalytic perfor-

mance in the oxidative dehydrogenation of n-butene

[14, 15, 19, 22]. Among the catalysts tested, the zinc ferrite

catalyst prepared at pH = 8 with the largest surface acidity

showed the best catalytic performance. The conversion of

n-butene also showed the same trend as the yield for

1,3-butadiene with respect to surface acidity. As described

earlier, the acid property of zinc ferrite catalyst plays an

important role in abstracting an a-hydrogen atom from

n-butene to form p-allyl intermediate [11, 14, 18–21]. From

the experimental findings, it can be concluded that large

surface acidity of zinc ferrite catalyst is favorable for the

facile adsorption and activation of n-butene (a base mole-

cule). Thus, the surface acidity of zinc ferrite catalyst serves

as a crucial factor determining the catalytic performance in

the oxidative dehydrogenation of n-butene to 1,3-butadiene.

4 Conclusions

A series of zinc ferrite (ZnFe2O4) catalysts were prepared

by a co-precipitation method using aqueous buffer solution

with different pH (pH = 6–12). XRD and ICP-AES anal-

yses revealed that a pure ZnFe2O4 phase was successfully

formed at pH = 7–12, while a mixed phase of a-Fe2O3 and

ZnFe2O4 was formed at pH = 6. The use of aqueous buffer

solution as a co-precipitation medium provided a repro-

ducible method for the preparation of zinc ferrite catalysts

by a co-precipitation method. In the oxidative dehydroge-

nation of n-butene to 1,3-butadiene, conversion of n-butene

and yield for 1,3-butadiene showed volcano-shaped curves

with respect to pH value. Among the catalysts tested, the

zinc ferrite catalyst prepared at pH = 8 showed the best

catalytic performance. The surface acidity of zinc ferrite

catalysts served as a crucial factor determining the catalytic

performance in the oxidative dehydrogenation of n-butene.

The catalytic performance was increased with increasing

surface acidity of zinc ferrite catalysts. The highest cata-

lytic performance of zinc ferrite catalyst prepared at

pH = 8 was due to its largest surface acidity.
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Zapata B, Montaya A, Nava N, Salas P, Schifter I (1995) Catal

Lett 30:279

12. Toledo-Antonio JA, Nava N, Martı́nez M, Bokhimi X (2002)

Appl Catal A 234:137

13. Kung HH, Kundalkar B, Kung MC, Cheng WH (1980) J Phys

Chem 84:382

14. Kung HH, Kung MC (1985) Adv Catal 33:159

15. Jung JC, Lee H, Kim H, Chung Y-M, Kim TJ, Lee SJ, Oh S-H,

Kim YS, Song IK (2007) Catal Commun. doi:10.1016/j.catcom.

2007.07.031

16. Grasselli RK, Burrington JD (1981) Adv Catal 30:133

17. Cullis CF, Hucknall DJ (1982) In: Bond GC, Webb G (eds)

A specialist periodical report: catalysis, vol 5. Royal Chemical

Society, London, p 273

18. Massoth FE, Scarpiello DA (1971) J Catal 21:294

19. Lee H, Jung JC, Kim H, Chung Y-M, Kim TJ, Lee SJ, Oh S-H,

Kim YS, Song IK (2007) Catal Commun. doi:10.1016/j.catcom.

2007.10.023

20. Gibson MA, Hightower JW (1976) J Catal 41:420

21. Xu W-Q, Yin Y-G, Li G-Y, Chen S (1992) Appl Catal A 89:131

22. Ai M (1979) J Catal 60:306

0.510.210.90.60.30.0
54

05

55

06

56

07

57

08

58

( ytidica ecafruS µ HN-lom 3 m/ 2)

Y
ie

ld
 f

or
 1

,3
-b

ut
ad

ie
ne

 (
%

)

6=Hp

21=Hp

01=Hp
7=Hp

9=Hp
8=Hp

11=Hp

Fig. 4 A correlation between yield for 1,3-butadiene and surface

acidity of zinc ferrite catalysts

Oxidative Dehydrogenation of n-Butene over ZnFe2O4 285

123

http://dx.doi.org/10.1016/j.catcom.2007.07.031
http://dx.doi.org/10.1016/j.catcom.2007.07.031
http://dx.doi.org/10.1016/j.catcom.2007.10.023
http://dx.doi.org/10.1016/j.catcom.2007.10.023


23. Jeyadevan B, Chinnasamy CN, Shinoda K, Tohji K (2003) J Appl

Phys 93:8450

24. Sharma RK, Suwalka O, Lakshmi N, Venugopalan K, Banerjee

A, Joy PA (2005) Mater Lett 59:3402

25. Toledo-Antonio JA, Bosch P, Valenzuela MA, Montoya A, Nava

N (1997) J Mol Catal A 125:53

26. Zhang M, Lan R, Liu J, Chen X, Zhou W (1992) J Chem Soc

Faraday Trans 88:637

286 H. Lee et al.

123


	Preparation of ZnFe2O4 Catalysts by a Co-precipitation Method Using Aqueous Buffer Solution and Their Catalytic Activity �for Oxidative Dehydrogenation of n-Butene to 1,3-Butadiene
	Abstract
	Introduction
	Experimental
	Preparation of Aqueous Buffer Solution
	Preparation of Zinc Ferrite (ZnFe2O4) Catalysts
	Characterization
	Oxidative Dehydrogenation of n-Butene

	Results and Discussion
	Formation of Zinc Ferrite (ZnFe2O4) Catalysts
	Catalytic Performance of Zinc Ferrite (ZnFe2O4) Catalysts
	Correlation Between Catalytic Performance �and Surface Acidity

	Conclusions
	Acknowledgments
	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


