
The rheological behavior of ceramic/polymer mixtures
for coextrusion processing

X. Xu Æ G. E. Hilmas

Received: 20 September 2005 / Accepted: 31 January 2006 / Published online: 7 December 2006
� Springer Science+Business Media, LLC 2006

Abstact Coextrusion is a novel fabrication method

for ceramic processing. However, the rheological

behavior of ceramic/polymer blends during batching

and extrusion in a coextrusion process is not well

understood. In this study, the rheological properties of

BaTiO3/polymer mixtures during batching in a high-

shear rate mixer (C.W. Brabender) were investigated

and several models were evaluated. The BaTiO3/

polymer mixtures exhibited shear thinning behavior

with a yield stress. The power-law model still fit for the

data obtained from the high-shear rate mixer in the

tested shear rate range. The results also showed that

Bousmina’s model only fits well for the pure polymer

melts. For the ceramic/polymer mixtures, large devia-

tions from Bousmina’s model were observed.

Introduction

Successful coextrusion of plastic-plastic, ceramic-cera-

mic or ceramic-metal systems requires a close viscosity

match for each component during extrusion [1–3]. The

components are usually batched in a high-shear roller-

cone mixer and then laminated or organized in a die

for coextrusion. Roller-cone mixers are widely used in

the plastic industry to control the rheological proper-

ties of polymer melts and also in a variety of thermo-

plastic processing procedures in the ceramics industry

[4–9]. The fundamental problem with the process is

that data received from the torque rheometer is

torque–roller rotational speed dependent while the

data from the extruder is load-velocity dependent. The

torque reading obtained from the Brabender is a

qualitative indication of the melt viscosity, as well as a

measure of the viscosity-temperature dependence. But

the torque–roller speed dependence does not provide

direct viscosity data. This makes viscosity matching of

the components difficult to control, especially when

mixing and coextrusion may occur at different tem-

peratures. Since Brabender-type high shear mixers are

used for ceramic thermoplastic processing in labs and

industries more often than in the past, a study of the

relation between the data obtained from a torque-

rheometer and the data obtained from a viscometer for

ceramic/polymer mixtures is necessary [3, 5, 10].

Some modeling work has been performed in the past

40 years on converting the torque–roller speed data

directly to viscosity data. Goodrich and Porter first

presented an approximate method for converting

torque rheometer data into fundamental rheological

units for polymer melts by assuming the torque

rheometer acts as a concentric-cylinder viscometer

[11]. Blyer and Danne extended this work to non-

Newtonian fluids, and derived the equation [12]:

M = C(n)KNn, where M is torque, C(n) is a constant,

N is the roller speed in Revolutions Per Minute (RPM).

K and n are parameters similar to a power law equation:

s = Kcn, where K is a constant, c is the shear rate, s is

the shear stress, and n is the power law index. They

concluded that the slope of the log(torque)–log(roller

speed) of a polymer melt should be identical to the

slope of the log(s)-log(c) curve obtained from a

capillary rheometer at constant temperature and that
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the flow activation energies obtained from the Brab-

ender and capillary data should be equivalent.

Lee and Purdon derived another power law equa-

tion, which is in the same format as Blyer’s but from a

different point of view [13]. Marquez et al., calibrated

Lee’s equation by introducing a geometrical parameter

a (which is defined as the ratio of the outside radius to

the equivalent radius of the roller) [14]. However, the

calibration parameter a in their equation is not only

related to the geometrical characteristic of the roller

but also to the polymer intrinsic properties.

More recently, Bousmina et al., provided a more

general analysis allowing the determination of shear

rate and viscosity from batch mixer roller speed and

torque data [15]. They introduced an effective equiv-

alent internal radius Ri. For Newtonian fluids, the Ri is

defined as:

Ri ¼
Rc

1þ 4pN
n ð2p �mLR2

c
1þgnþ1

M Þ1=n
h in=2

ð1Þ

where Rc is the radius of the mixing chamber, M is the

torque exerted on the roller shaft, g is the gear ratio, N is

the roller rotational speed per second, n is the power law

index, m is the melt consistency index, and L is the roller

length. The shear rate is then given by:

c
� � 2pN= lnðRc=RiÞ ð2Þ

and the viscosity can be described as:

g ¼M

N

ððRc=RiÞ2 � 1Þ
8p2LR2

cð1þ g2Þ ð3Þ

Their most important result is that Ri is a universal

quantity that is practically insensitive to the nature and

rheological behavior of the fluid under mixing. It

depends only on the geometrical dimensions of the

mixer and the gear ratio. Equations 1–3 were also

found to work well for non-Newtonian fluids in their

report. This latter modeling and experimental work

demonstrated the feasibility of evaluating the power

law index (n) and the melt consistency index (m) for

the torque rheometer data. However, it was based on

pure polymer melts. Ceramic/polymer mixtures have

never been investigated using similar models. Addi-

tionally, the influence of solids loading in these

mixtures is also unknown. This paper is aimed at

evaluating these models using ceramic powder/polymer

mixtures and obtaining a direct indication of viscosity

data for rheological control in the coextrusion process.

Experimental procedure

In this study, a Brabender high shear, roller-cone mixer

(EPL-/5501 Mixer, C.W. Brabender Instrument Inc.,

South Hackensack, NJ) was used. A schematic of the

torque rheometer portion of a Brabender roller-cone

mixer is shown in Fig. 1 and its geometric data is listed

in Table 1.

The samples used in this study are listed in Table 2.

The ceramic powders (BaTiO3, Ferro Corp., APS

1 lm) were blended with several organic thermoplas-

tics and plasticizers including EEA (poly[ethylene-co-

ethyl acrylate], Union Carbide Corp.), PEBA-7

(poly[ethylene-co-butyl acrylate], 7 wt% butyl acry-

late, Aldrich Chemical Co.), wax (MobilWax 2305,

ExxonMobil), and HMO (heavy mineral oil, Aldrich

Chemical Co.). The EEA and PEBA-7 are common

polymers being used in the coextrusion process [3, 5,

Top View

Front View

Roller Roller

Roller Roller

Fig. 1 Schematic view of the torque rheometer

Table 1 The geometric data for the torque rheometer

Items Size

Sample chamber size 60,000 mm3

Radius of chamber (Rc) 19.65 mm
Chamber length (Lc) 48.10 mm
Gear ratio (g) 3:2
Roller length (L) 46.90 mm
Radius of roller (Max) 19.47 mm
Radius of roller (Min) 10.5 mm
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10, 16]. Wax and HMO were used as a lubricant for

better mixing of ceramic powders with the polymer.

The same amount of wax and HMO were added for

samples 3 through 5 (Table 2).

The measuring head of the Brabender mixer was

loaded to 70% of its total volume for each batch, i.e. a

total of 42,000 mm3 of the compositions indicated in

Table 2. Two pure polymer samples EEA and PEBA-7

were also used to evaluate the models and for

comparison to the ceramic powder/polymer blends. A

solids loading of up to 55 vol% was selected for this

study since it would provide a fired density which was

near theoretical while providing a viscosity that was

within a reasonable working range.

All of the ceramic/polymer mixtures were initially

mixed at 20 RPM and 150 �C for 25 min, until the

torque reading was stable. This is a qualitative indica-

tion that all of the soft agglomerates in the ceramic

have been dispersed and the ceramic powder is

uniformly distributed in the polymer binders. Torque

values for these mixtures were then taken at temper-

atures of 125 �C, 135 �C and 145 �C, and at roller

speeds ranging from 10 RPM to 60 RPM. The roller

speed was increased successively to selected speeds,

and each measurement was taken after at least 1 min

(after the torque value had stabilized). The actual

viscosity data for all five samples was also measured on

a RDA-III Rheometer (Rheometric Scientific Co.,

parallel plate diameter 25 mm, gap distance 1.5 mm) at

125 �C, 135 �C and 145 �C. A low shear rate range (less

than 10 s–1) was used for measurements on the parallel

plate rheometer for all samples. This is due to the

limitation of parallel plate viscometers for measuring

high viscosity melts.

Results and discussion

The pure polymers

According to the rheology models, the torque and

roller speed should fit a power law relation, i.e.

M = C�Nn. The torque–roller speed data for both

sample 1 (PEBA-7) and sample 2 (EEA) do exhibit a

power law relation. The torque measured for sample 2,

at different roller speeds and temperatures, is plotted

in Fig. 2 and shows a linear relation between the

log(Torque) and log(N) at each temperature. Samples

1 and 2 both exhibited shear thinning or pseudoplastic

behavior for the test temperatures and speed ranges

tested, as the power law indices n are both less than 1.

However, the power law index n, which indicates the

departure from Newtonian behavior, increases with

increasing temperature. This effect can be attributed to

the chain entanglement. At higher temperatures, the

chains in the random polymers have a higher thermal

energy that leads to a more entangled state and

increases the resistance to shear [17].

The torque and shear rate data from the parallel

plate rheometer for EEA and PEBA-7 at 145 �C are

plotted in Fig. 3. For PEBA-7, when the shear rate was

less than 0.15 s-1, the melt exhibited shear thinning

behavior with n = 0.70, and when the shear rate was

Table 2 Polymer and ceramic/polymer samples used in this
study

Sample # Composition Ceramic solids
loading (vol%)

1 Pure PEBA-7 0
2 Pure EEA 0
3 BaTiO3+EEA+HMO+Wax 49
4 BaTiO3+EEA+HMO+Wax 52
5 BaTiO3+EEA+HMO+Wax 55
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Fig. 2 log(Torque)-log(RPM) dependence at different temper-
atures for EEA measured on the Brabender torque rheometer
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Fig. 3 The torque and shear rate dependence for EEA and
PEBA-7 at 145 �C measured on parallel plate rheometer
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above 0.15 s–1, the melt exhibited shear thinning

behavior with n = 0.39. For EEA, a similar transition

exists. This transition is also due to the polymer’s

molecular structure. At very low shear rates, the

thermal motion of the polymer chains dominate and

the molecules are in a random and highly entangled

state. They have relatively greater resistance to flow.

As the shear rate is increased, the polymer chains

begin to untangle and align. The alignment reduces the

resistance to shear, and results in laminar flow [17].

The yield stress of these two polymers does exist, but is

small.

The high shear rate portion (i.e., PEBA-7 at 145 �C,

shear rate above 0.15 s–1.) of the data from the parallel

plate rheometer was used to calculate the power law

index n and flow consistency index m. The power law

index n was found to be close to the power law index n

obtained from the Brabender torque rheometer, as

shown in Table 3. Furthermore, using the n, m data

from the parallel plate rheometer and N, M data from

the torque rheometer, the effective radius Ri for the

torque rheometer can be calculated from Eq. 1. Then

using Eqs. 2 and 3, the viscosity and shear rate data can

be obtained at each roller speed. From this log(viscos-

ity)–log(shear rate) dependence, the power law index n

and consistency index m for Bousmina’s model could

also be calculated. These latter results are also listed in

Table 3 for comparison. For both the PEBA-7 and

EEA samples, the modeling flow consistency index m

data from the torque rheometer are close to the

parallel plate rheometer data. It is interesting to note

that the effective radius for these two polymers is quite

close to Bousmina’s result of 17.6 mm, although

somewhat smaller. This could be due to the slight

wear that has occurred in the chamber and rollers of

this Brabender mixer after years of use. The measured

viscosity from the parallel plate rheometer and the

Brabender modeling viscosity is plotted in Fig. 4 (a)

and (b) for EEA and PEBA-7, respectively. Due to the

close value of m and n from parallel plate rheometer

and Bousmina model, Bousmina’s model fit well for

pure polymer melts.

The ceramic/polymer mixtures

The torque measured for sample 5 at different roller

rotation speeds and different temperatures is plotted in

Fig. 5 and also shows a linear relation between

log(Torque) and log(N) at any given temperature,

much like the pure polymer samples. Figure 6 shows

the torque at 145 �C for different solids loadings. The

data from all three ceramic/polymer mixtures confirms

the power law relation reported by Beeaff [3].

The power law indices n of samples 3, 4 and 5 at

different temperatures are shown in Table 4. The three

ceramic/polymer mixtures all exhibited shear thinning

behavior as expected. The power law index n obtained

from the samples is in the range of 0.30 ~ 0.38, and n

increases with increasing temperature for the same

solids loading, just like the pure polymers. Compared

Table 3 The measured n, m and modeling results for the pure polymer samples

Samples Temp. (�C) Parallel plate rheometer Torque rheometer Ri (mm) Modeling data

n log(m) n n log(m)

#1 PEBA-7 135 0.37 4.188 0.37 17.64 0.37 4.243
145 0.39 4.135 0.40 17.23 0.40 4.132

#2 EEA 135 0.39 4.234 0.40 17.01 0.40 4.238
145 0.42 4.141 0.42 17.27 0.42 4.181
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to the pure EEA polymer, the power law index n of the

ceramic/polymer mixtures is smaller at the same

temperature and decreases with increasing solids

loading at the same temperature. This effect could be

due to two factors. First, the wax and HMO addition

can act as an internal lubricant for the polymers during

mixing. Second, it is easier to achieve laminar flow with

the presence of the ceramic particles in the ceramic/

polymer mixtures. When the particles are oriented by

the laminar flow, the resistance to shear is known to be

reduced [18].

Figure 7 shows the torque-shear rate dependence

obtained from the parallel plate rheometer for sample

4 at 125 �C and 145 �C. Due to the presence of the

ceramic particles in the polymers, the thermal motion

of the polymer chains is no longer dominant. Sliding

between the particles will occur with increasing shear

rate and finally laminar flow will be in effect when the

yield stress is overcome. Because of the mechanical

interactions between the particles, all of the ceramic/

polymer mixtures must overcome a yield stress to

initiate flow. Thus, the yield stress increases with

increasing solids loading, as shown in Fig. 8.

The shear stress–shear rate dependence of a shear

thinning fluid with yield stress can be expressed as:

s ¼ s0 þK � cn ð4Þ

where s0 is the yield stress, K is a constant, c is the

shear rate, and n is the power law index. At the

measuring temperatures, the yield stresses for all three

samples were small, as shown in Fig. 8. Thus, these
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Fig. 5 log(Torque)-log(RPM) dependence at different temper-
atures for sample 5 measured on Brabender torque rheometer
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

ro
T

(
euq

N
⋅

)
m

Shear Rate(s-1)

 125°C
 145°C

10
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parallel plate rheometer

0.00 0.05 0.10 0.15 0 0.25 0.30
0.00

0.02

0.04

0.06

0.08

0.10

0.12

ro
T

N(
euq

⋅
)

m

Shear Rate (s-1)

 49 Vol.% (#3)
 52 Vol.% (#4)
 55 Vol.% (#5)

.20

Fig. 8 Torque-shear rate dependence for samples measured on
parallel plate rheometer at 125 �C

Table 4 Brabender measured n for samples 3, 4, and 5

Samples 125 �C 135 �C 145 �C

#3 (49 vol%) 0.34 0.36 0.38
#4 (52 vol%) 0.32 0.35 0.36
#5 (55 vol%) 0.30 0.31 0.33
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samples were still treated as power law fluids for the

remainder of the study. Using similar calculation

methods as for the pure polymers (using the high

shear rate portion of the parallel plate rheometer

data), the power law index n, the melt consistency

index m, and the effective equivalent internal radius Ri

of the Brabender for each sample were calculated and

are listed in Table 5. Using Ri, the modeled shear rates

and viscosities were calculated from the Brabender’s

torque–roller rotational speed data using Bousmina’s

Eqs. 2 and 3. The power law indices n obtained from

the model are no longer close to those obtained from

the parallel plate rheometer, but the melt consistency

indices still show good agreement. In addition, the

effective radius again deviated from Bousmina’s

universal value of 17.6 mm.

Based on our results, we believe that the reason for

the deviation is that Bousmina’s model is based on

Newtonian fluids although it fits for some pure poly-

mers, which are non-Newtonian fluids without an

apparent yield stress. However, for the ceramic/poly-

mer mixtures presented in this study, exhibiting a yield

stress, the log(torque)–log(shear rate) relation is not

linear over the entire shear rate range, thus n and m

are not constant. Only in the high shear rate range will

the curve become close to linear. Even with the yield

stress, all three ceramic/polymer mixtures exhibited the

power law relations as shown in Fig. 6, because the

torques were measured at the high shear rate range in

the Brabender mixer.

Conclusions

The rheological behavior of pure polymer melts, and

ceramic/polymer mixtures consisting of a 49 to

55 vol% solids loading of BaTiO3 in polyehthylene-

based block copolymers, was measured using a

Brabender high shear mixer and a parallel plate

rheometer. The mixtures were found to exhibit shear-

thinning behavior with a yield stress. A power-law

model was used to fit the data consistently for the

Brabender mixer (torque rheometer) in the tested

shear rate range. However, the torque–roller speed

relation from the Brabender was found to be no

longer equivalent to the shear stress–shear rate

relation. The results also showed that Bousmina’s

model only fit well for the pure polymer melts. For

the ceramic/polymer mixtures, large deviations from

Bousmina’s model were observed. Based on current

studies, this is likely due to the mechanical interac-

tions between the particles. For ceramic/polymer

mixtures, a calibration would need to be developed

in order to obtain the actual viscosities.

Acknowledgements We would like to thank Amanda Young
(UMR) and John Suwarbi (Rheometric Scientific Co.) for their
valuable input to this research.

References

1. Butler TI (1992) Tappi J Sept., p 205
2. Pearce DH, Button TW (1999) In: Lee WE, Derby B (eds)

Engineering With Ceramics. IOM Communications, Lon-
don, [England], No. 59

3. Beeaff DR, Hilmas GE (2002) J Mater Sci 37:1259
4. Polzin BJ, Cruse TA, Houston RL, Picciolo JJ, Singh D,

Goretta KC (2000) In: Bansal NP, Singh JP, Ustundag E
(eds) Ceramic Transactions, vol 103, Advances in Ceramic-
Matrix Composites V. American Ceramic Society, Wester-
ville, OH, p 237

5. Hilmas GE, Huang T, Fang Z, White B, Griffo A (2002) In:
Advances in Ceramic Matrix Composites VIII, Proceedings
of the 104th Annual Meeting of the Am. Ceram. Soc. St.
Louis, MO, April 2002. American Ceramic Society, Wester-
ville, OH, 2002, p 26

6. Hoy CV, Barda A, Griffith M, Halloran JW (1998) J Am
Ceram Soc 81(1):152

7. Crumm AT, Halloran JW (1998) J Am Ceram Soc
81(4):1053

8. Fang Z, Griffo A, White B, Lockwood G, Belnap D, Hilmas
G, Bitler J (2001) Intl J Refrac Metals Hard Maters 19(4–
6):453

9. Koh YH, Kim HW, Kim HE (2002) J Am Ceram Soc
85(10):2578

10. Kovar D, Thouless MD, Halloran JW (1998) J Am Ceram
Soc 81(4):1004

11. Goodrich JE, Porter RS (1967) Poly Eng Sci 7:45
12. Blyer LL, Danne JH (1967) Poly Eng Sci 7:178

Table 5 The measured n, m and modeling results for samples 3, 4, and 5

Samples Temp. (�C) Parallel plate rheometer Torque rheometer Ri (mm) Ri (mm) Modeling data

n log(m) n n log(m)

#3 (49 vol%) 125 0.41 4.466 0.34 16.67 16.68 0.34 4.625
145 0.46 4.269 0.38 16.68 0.38 4.448

#4 (52 vol%) 125 0.31 4.511 0.32 18.27 18.05 0.32 4.574
145 0.35 4.384 0.36 17.82 0.36 4.371

#5 (55 vol%) 125 0.19 4.675 0.30 19.01 18.83 0.30 4.616
145 0.20 4.467 0.33 18.65 0.33 4.411

123

1386 J Mater Sci (2007) 42:1381–1387



13. Lee GCN, Purdon JR (1969) Poly Eng Sci 9(5):360
14. Marquez A, Quijano J, Gaulin M (1996) Poly Eng Sci

36(20):2556
15. Bousmina M, Ait-Kadi A, Faisant JB (1999) J Rheol

43(2):415
16. Brady GA, Hilmas GE, Halloran JW (1995) In: Hausner H,

Messing GL, Hirano S (eds) Ceramic Transactions, vol 51,

Ceramic processing science and technology. American
Ceramic Society, Westerville, OH, p. 297

17. Kromer HM (1978) In: Introduction to Torque Rheometry.
Saddle Brook, N.J., p 22

18. Wright JF Jr, Reed JS (2001) Am Ceram Soc Bull
80(4):31

123

J Mater Sci (2007) 42:1381–1387 1387


	The rheological behavior of ceramic/polymer mixtures �for coextrusion processing
	Abstact
	Introduction
	Experimental procedure
	Results and discussion
	The pure polymers
	The ceramic/polymer mixtures

	Conclusions
	Acknowledgements
	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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


