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Abstract An electrorheological (ER) fluid, consisting of

polydisperse dedoped polyaniline (PANI) particles, having

irregular shapes, dispersed in silicone oil, was subjected to

cyclic strain annealing treatments using oscillatory shear,

under an external electric field. After each annealing per-

iod, the sample was subjected to a controlled-strain sweep,

to determine the yield stress, and to erase the ER structure.

During each annealing cycle, the storage modulus and the

yield stress were observed to increase, and the loss mod-

ulus to decrease, each eventually approaching an asymp-

totic constant value. These observations in oscillatory shear

complement our previous observations of a strain-harden-

ing effect in a PANI/silicone oil ER fluid subjected to

unidirectional creep tests.

Introduction

Electrorheological (ER) fluids typically consist of dielec-

tric particles dispersed in an insulating fluid. Application of

an electric field polarizes the particles, driving them to

aggregate into fibrillar structures, spanning the distance

between the electrodes [1]. This typically results in a

transformation from a Newtonian liquid into a Bingham

plastic solid. The resulting change in viscoelastic properties

has been utilized in applications such as shock absorbers,

clutches, brakes, actuators, artificial joints, and robotic

controls [2–5]. In such applications, key factors are, first,

that the strength of the ER structures be sufficiently high

and, second, that the formation and dissipation of the ER

structures be fully reversible. Viscoelastic measurements

are fundamentally useful in exploring the relationship

between ER properties and the ER structures [6–9]. Poly-

aniline (PANI) is a conducting polymer which has been

used to form the dispersed particles in an ER fluid, due to

its ease of synthesis and conductivity control, good thermal

and environmental stability [10]. Its viscoelastic properties

have been explored in terms of its yield stress [10, 11], as

well as the oscillatory shear moduli and steady shear vis-

cosity [12–14]. Recently, we investigated the viscoelastic

behavior of a PANI/silicone oil ER fluid through the

liquid–solid transition driven by increase of the electric

field strength [14]. The transition was observed to occur at

a critical electric field strength, in the range Ec =

50–200 V/mm, whose value depends on particle concen-

tration and host fluid viscosity. When the field was swit-

ched off we found that a residual structure remained, with a

yield stress smaller than that in the presence of the field,

but which increased with the strength of the applied field

and particle concentration. When the applied stress exceeds

the yield stress of the residual structure [14], fast, fully

reversible switching of the ER response is obtained. In

addition, in controlled-strain, oscillatory shear, the rela-

tionship between the G0–G00 crossover frequency, xc, and

the electric field strength was investigated as a function of

matrix viscosity and shear strain [15]. We found that xc

increased with increasing field strength, and decreased with

increase of matrix viscosity and strain amplitude. These

observations reflect the dynamic character of the particles

within the field-generated fibrillar aggregates, and are in

qualitative agreement with a theoretical model [16, 17],
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which relates the relaxation mechanism to the competition

between hydrodynamic and electrostatic forces between

PANI particles within the fibrillar structures.

This note is prompted by recent reports that the strength

of ER structures in a model ER fluid, consisting of 2.5 lm

silica spheres dispersed in silicon oil, can be enhanced by a

shear-annealing method [18, 19]. These studies observed

that the yield stress of the ER fluid could be increased by

application of sequential creep recovery cycles under the

external electric field. For a specified number of cycles, the

magnitude of the enhancement increased with increase in

applied stress level up to the yield point of the unstressed

fluid; for a specified applied stress level, the magnitude of

the enhancement increased up to a maximum enhancement

[18, 19]. The authors infer that shear-annealing process

enables the particles in the ER fluid to form better aligned

and denser columns, leading to the increased yield stress.

Recently, we carried out creep experiments on a PANI/

silicone oil ER fluid, in which an apparent discrete increase

in the equilibrium compliance was observed at a critical

applied stress, rc, in the preyield region [20]. Measure-

ments of the yield stress after the sample was annealed at

stresses levels above rc support the interpretation that this

effect is due to a strain-hardening effect.

The above experiments were performed under con-

trolled-stress conditions, and it is of interest to establish

that a similar strain-hardening phenomenon is present in

controlled-strain oscillatory shear. Here, we report evi-

dence indicating that a shear-enhanced yield stress indeed

occurs in the PANI/silicone oil ER fluid, following cyclic

oscillatory shear-annealing treatment, each cycle involv-

ing, first, the application of oscillatory strain in the pres-

ence of an electric field for a specified annealing time, and,

subsequently, destruction of the ER structure by a strain

sweep experiment from which the yield strain was

measured.

Materials and methods

Materials

Aniline, C6H7N (AR grade, Merck) was vacuum-distilled

and used as the monomer. Ammonium peroxydisulphate,

(NH4)2S2O8 (AR grade, Merck) was used as the oxidant

and 38% Hydrochloric acid, HCl (AR grade, Labscan);

25% solution of ammonia, NH4OH (Ar grade, Merck), and

methanol, CH3OH (AR grade, Labscan) were used as

received. The base fluid, a silicone oil (AR grade, Dow

Corning) with density 0.96 g/cm3 and kinematic viscosity

of 100 cSt was vacuum-dried and stored in a desiccators

prior to use.

Polymerization procedure

PANI was synthesized via an oxidative coupling poly-

merization according to the method of Cao et al. [21]. After

the course of polymerization, the precipitate was then

dedoped by immersion in 3% NH4OH in order to adjust

its conductivity, before being vacuum-dried and passed

through a 38-lm sieve shaker to control the particle size

and its distribution. Extensive characterization of PANI

specimens subjected to this dedoping treatment has been

reported in prior publications [14, 15, 20]. The resulting

PANI particles have irregular shapes and exhibit a range of

particles sizes with mean diameter 23.5 lm, and standard

deviation 2.37 lm [14]. The electrical conductivity was

determined to be 2.93 9 10-9 S/cm. PANI of low con-

ductivity was chosen in order to be able to investigate ER

behavior at high-electric field strength without current

leakage in the system.

Preparation of ER fluids

Prior to mixing in silicone oil, PANI powder was dried for

2 days at room temperature to remove moisture in a vac-

uum oven at room temperature. The particles were then

dispersed in the silicone oil with an ultrasonicator for

30 min at 25 �C. The PANI suspensions were then pre-

pared at a volume fraction of 0.05. The suspensions were

stored in a desiccator and redispersed by ultrasonification

for a period of 10 min at 25 �C before each experiment.

Rheological measurements

As in our previous studies of PANI fluids [14, 15, 20], the

viscoelastic properties of the blends were investigated

using a modified melt rheometer (ARES, Rheometric Sci-

entific Inc.) with parallel plates (diameter of 25 mm)

attached via insulating spacers to the transducer and motor.

A DC electric field was applied across the gap between the

plates by a function generator (GFG-8216A, Instek) and a

high-voltage amplifier (Model 609E-6, Trek). The system

parameters (volume fraction, field strength, and conduc-

tivity level) were selected so that we could monitor the

crossover from linear to nonlinear viscoelastic behavior,

and ensure that the yield strain occurred in the experi-

mentally accessible range.

Results and discussion

Initially, a strain sweep experiment was performed on the

PANI/silicone oil ER fluid (concentration = 5 vol%), at

298 K in the presence of an electric field of E = 1000 V/mm

to assess the yield stress of the as-formed ER structure.
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Oscillatory strain (frequency x = 1 rad/s) was increased

from 0.1 to 1000%. Values of the storage and loss moduli, (G0

and G00), and the shear stress developed were recorded and

are plotted in Fig. 1. Evidently, the shear stress increases

uniformly with increasing strain, and shows an inflection

between strain values of 6–15%, after which it continues to

increase. The inflection encompasses the strain where the

G0–G00 crossover occurs, indicating a transition from pre-

dominantly elastic to predominantly viscous behavior. We

may define the onset of the inflection point in shear stress, as

shown by broken lines in Fig. 1, as the yield point, and hence

determine the yield stress, ry = 20.4 Pa, and yield strain,

cy = 6.2%.

It is of interest to compare our results with prior exper-

imental and theoretical large-amplitude oscillatory shear

(LAOS) results in the literature. Ahn and coworkers [22, 23]

have investigated the LAOS response of diverse polymeric

fluids and distinguish four types of behavior at the crossover

from linear to nonlinear viscoelasticity: type I, strain thin-

ning (G0, G00 decreasing); type II, strain-hardening (G0, G00

increasing); type III, weak strain overshoot (G0 decreasing,

G00 increasing followed by decreasing); type IV, strong

strain overshoot (G0, G00 increasing followed by decreasing).

As noted by Ahn and coworkers [22, 23], previous ER

experiments by Parthasarathy and Klingenberg [24] on a

suspension of acid alumina particles in poly(dimethylsi-

loxane) exhibit type III behavior at low values of the scaled

oscillation frequency ~x ¼ x=E2, evolving toward type I

behavior at higher values of ~x. Our ER results, shown in

Fig. 1, indicate type I behavior. We note that several fea-

tures of our results are quite consistent with both the

experimental data of Parthasarathy and Klingenberg, as

well as their accompanying particle dynamic simulations of

the LAOS ER experiments [24]. Specifically, the onset of

nonlinear viscoelasticity occurs at a very small critical

strain ccrit
1 * 10-3; second, the G0–G00 crossover corre-

sponds to a transition from nonlinear viscoelasticity to

viscoplastic deformation, and occurs at a second critical

strain, ccrit
2 when G0ðccrit

2 ; xÞ=G0ðc! 0; xÞ ¼ 0:1; third, in

the viscoplastic regime, power-law strain dependence of G0

and G00 is observed, with exponents of the order -1.0 for G0

and -0.8 for G00 at small ~x. Ahn and coworkers [22, 23] do

not discuss the strain dependence of the stress in LAOS

experiments. Typically, in type I systems, the stress will

increase strongly in the linear viscoelastic regime (r * c,

up to the onset of nonlinearity, and then increase more

slowly thereafter; in type II, systems, the stress will increase

linearly and then more strongly in the nonlinear regime; in

type III, the stress response typically shows an increase with

strain up to the point where strong shear thinning ensues and

then the stress exhibits a maximum and subsequently

decreases. In type IV, the variation in stress with strain

should be similar to that in type III, except that a broader

maximum may be observed. Parthasarathy and Klingenberg

also [24] do not discuss the evolution of stress with strain in

their paper, but an approximate estimation of the total

stress, r, from their published G0(x) and G00(x) data, using

the equation r = c(G0 sin xt ? G00 cos xt), indicates the

stress exhibits typical type I behavior, i.e., it increases lin-

early up to the onset of nonlinearity and then increases more

slowly thereafter. Thus, the presence of a distinct inflection

in the strain dependence of r in an ostensibly type I fluid

(Fig. 1) appears to be novel, but not unexpected in view of

the above discussion, i.e., it is a behavior intermediate

between that of Types 1 and III.

Based on results of the strain-sweep experiment, we

chose to perform oscillatory shear annealing using a fixed

strain amplitude c = 1%, substantially below the yield

strain, and to limit the shear sweep experiments to the

range 0.1–100% strain, sufficient to determine the yield

strain and ensure the destruction of the ER structure

between each run. First, the electric field was turned off

and the sample was subjected to steady shear at 300 s-1 for

90 min in order to destroy all ER structures. Following

this, in the absence of shear, the electric field was turned on

again and maintained for 10 min, after which the yield

stress was determined by a strain sweep test (test #1,

c = 0.1–100%). Subsequently, oscillatory shear-annealing

cycles were performed, each of which involved application

of oscillatory shear (c = 1%, x = 1 rad/s) for a specified

time period, followed by a strain sweep to determine the

yield stress of the annealed sample. For the first three

cycles, the following protocol was utilized:

1. Oscillatory shear for 100 s, followed by a strain sweep

test (test #2).

2. Oscillatory shear for 200 s, followed by a strain sweep

test (test #3).

Fig. 1 Strain dependence of G0, G00, and shear stress for PANI/

silicone oil ER fluid (concentration = 5 vol%) at temperature of

298 K in the presence of an electric field of E = 1000 V/mm.

Gap = 0.2 mm
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3. Oscillatory shear for 300 s, followed by a strain sweep

test (test #4).

All subsequent cycles involved shear annealing for

300 s followed by strain sweep tests (tests #5–10).

In Fig. 2, we show the variation in G0, G00, and tan

d = G00/G0 during the first three annealing periods. First,

we note that the initial G0 and G00 values, prior to annealing,

are the same within experimental error, for all three runs,

indicating that the shear-induced ER structure is com-

pletely erased during the prior strain sweep test. Second,

we see that the value of G0 increases, and that of G00

decreases, to an asymptotic value during the annealing

period. It follows, as also shown in Fig. 2, that tan d
decreases from an initial value of *0.5 to a value *0.3.

This is clear indication that oscillatory shear results in

strain-hardening of the ER structure. Inspection of Fig. 2

further indicates that the increase in modulus is substan-

tially complete after 100 s annealing and fully complete

after 200 s. As additional support, in Fig. 3, we compare

the results of strain sweep tests performed on the unan-

nealed ER fluid (test #1) versus those performed after the

first three annealing treatments (tests #2, #3, and #4).

Clearly the yield stress, measured as the low-frequency

maximum value in the shear stress, increases substantially

in the annealed samples. It is also evident that there is no

substantive difference in the magnitude of ry and cy among

the first three annealing runs. These results point to a

strain-hardening effect, which is presumed analogous to the

stress-enhanced increase of the yield stress reported in a

silica ER fluid by Tam and coworkers [18, 19] and in the

PANI fluid by Hiamtup et al. [20]. It is noted that, whereas

the ER fluid studied by Tam and coworkers consisted of

spherical silica particles, relatively uniform in size (mean

diameter = 2.5 ± 0.1 lm), the present PANI suspension

has highly irregular particles with a relatively broad dis-

tribution in size (mean diameter = 23.5 ± 2.37 lm) [14].

As pointed out by Tam and coworkers [18, 19], on

application of the electric field, the columnar structures

formed may be viewed as metastable structures, with many

defects. The application of shear strain may remove such

defects via slippage and restructuring, leading to mechan-

ically stronger columns. In addition, analysis of the crys-

talline organization of the columnar structures induced by

the electric field [21, 25–27], suggests that deformation

may transform the crystal structure from some lower

energy structure to a different stronger one; e.g., face-

centered or body-centered tetragonal may transform to a

hexagonal close-packed lattice. Finally, it has been sug-

gested that, after deformation, the ER structure may consist

not only chains of particle columns spanning the electrode

gap along the field direction (primary chains), but may also

have secondary structures, short tilted chains which inter-

connect the primary chains, and which strengthen the ER

structure [28]. In the case of the PANI ER fluid, the

irregular, highly polydisperse nature of the PANI particles

appears to preclude the formation of an ordered lattice-like

structure. However, clearly strain-hardening can still take

place, presumably via rearrangement of the PANI particles

within the fibrils, to form a denser, mechanically stronger

organization.

After the first three annealing cycles, we observed that

the initial stress value after the prior stress sweep system-

atically decreases slightly in each subsequent test run. One

still observes an increase in storage modulus during the

oscillatory strain annealing steps, i.e., strain-hardening still

takes place in each test run, but the final value of G0 (and

the subsequent yield stress) decreases slightly, in parallel

with the decrease in initial stress. Table 1, summarizes the

Fig. 2 Time dependences of G0, G00, and tan d for PANI/silicone oil

ER fluid (concentration = 5 vol%) at temperature of 298 K in the

presence of an electric field of E = 1000 V/mm. Gap = 0.2 mm Fig. 3 Strain dependence of shear stress for PANI/silicone oil ER

fluid (concentration = 5 vol%) at temperature of 298 K in the

presence of an electric field of E = 1000 V/mm. Gap = 0.2 mm
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values of ry and cy, determined after all ten test runs, and

also lists the ratio of the yield stress to the initial stress. The

latter ratio illustrates that strain-hardening in the form of an

increased yield stress occurs in each run. Evidently some

irreversible change in ER properties has developed

(mechanical fatigue, or agglomeration and sedimentation

of the PANI particles, which form only a marginally stable

dispersion in silicone oil) [14].

Conclusion

Strain-hardening is demonstrated in a PANI-based ER fluid

using a shear-annealing cycles under oscillatory strain.

Thus, during application of oscillatory strain at a frequency

of 1 rad/s and strain amplitude 1%, substantially smaller

than the yield strain (cy = 6.2%), the storage modulus G0 is

observed to increase with annealing time, and tan d to

decrease, each reaching a constant value after approxi-

mately 150 s. Likewise, the yield stress ry, measured via

strain sweep tests after each of the first three annealing

cycles, increases substantially over the unannealed speci-

men. Strain-hardening was also manifested in the strain

sweep tests as an increase in stress beyond the yield point.

During subsequent annealing cycles, strain-hardening

continues to be observed, but the initial value of the storage

modulus and the resulting yield stress are each observed to

decrease slightly, attributed to agglomeration and sedi-

mentation of the marginally stable PANI particles.

Acknowledgements The authors (PH and AS) would like to

acknowledge the financial support provided by the Thailand Research

Fund (TRF, RGJ Grant No. PHD/0234/2544 and BRG grant), Con-

ductive & Electroactive Polymers Research Unit and KFAS of

Chulalongkorn University, the Royal Thai Government (Budget of

Fiscal Year 2550), and the Petroleum Petrochemical and Advanced

Materials Consortium. AMJ also wishes to acknowledge the financial

support from the National Science Foundation, Polymers Program,

under Grant No. DMR 0513010.

References

1. Winslow WM (1949) J Appl Phys 20:1137

2. Bohon K, Krause S (1998) J Polym Sci B 36:1091

3. Papadopoulos CA (1998) Mechatronics 8:719

4. Akella PN, Cutkosky MR (1995) IEEE Trans Robot Automat

11:859

5. Choi SB, Choi YT, Chang EG, Han SJ, Kim CS (1998) Mech-

atronics 8:143

6. Otsubo Y, Edamura K (1994) J Rheol 38(6):1721

7. Choi HJ, Cho MS, Jhon MS (1999) Int J Mod Phys B 13:1901

8. Hao T (2002) Adv Coll Interface Sci 97:1

9. Chotpattananont D, Sirivat A, Jamieson AM (2006) Polymer

47:3568

10. Gow CJ, Fukoski C IV (1990) J Colloid Interface Sci 136:175

11. Gozdalik A, Wycislik H, Plocharski J (2000) Synth Metal

109:147

12. Jang WH, Kim JW, Choi HJ, Jhon MS (2001) Colloid Polym Sci

279(8):823

13. Cho MS, Lee JH, Choi JH, Ahn KH, Lee SJ, Jeon D (2004) J

Mater Sci 39:1377. doi:10.1023/B:JMSC.0000013900.26175.cc

14. Hiamtup P, Sirivat A, Jamieson AM (2006) J Colloid Interface

Sci 295:270

15. Hiamtup P, Sirivat A, Jamieson AM (2007) Express Polym Lett

2:688

16. Klingenberg DJ (1993) J Rheol 37:199

17. Sakurai R, See H, Saito T, Sumita M (1999) J Non-Newtonian Fl

Mech 81:235

18. Lai KC, Shi L, Tam WY, Sheng P (2003) Phys Rev E 67:052502

19. Shi LH, Tam WY, Huang X, Sheng P (2006) Phys Rev E

73:051501

20. Hiamtup P, Sirivat A, Jamieson AM (2008) J Colloid Interface

Sci 325:122

21. Cao Y, Andreatta A, Heeger AJ, Smith P (1989) Polymer 30:2305

22. Hyun K, Kim SH, Ahn KH, Lee SJ (2002) J Non-Newtonian Fl

Mech 107:51

23. Sim HG, Ahn KG, Lee SJ (2003) J Non-Newtonian Fl Mech

112:237

24. Parthasarathy M, Klingenberg DJ (1999) J Non-Newtonian Fl

Mech 81:83

25. Tao R, Sun JM (1991) Phys Rev Lett 67(3):398

26. Cavis LC (1992) Phys Rev A 46(2):R719

27. Dassanayake U, Fraden S, Blaaderen AV (2000) J Chem Phys

112:3851

28. Pan XD, McKinley GH (1997) Appl Phys Lett 71:333

Table 1 Yield strains and yield stresses after annealing cycles

Run number Yield strain (%) Yield stress (Pa) Yield�stress

Initial�stress

1 6.18 20.4 7.1

2 6.16 26.2 7.6

3 6.15 26.1 8.1

4 6.16 25.5 8.2

5 6.17 24.7 6.5

6 6.17 24.1 7.1

7 6.17 24.0 7.0

8 6.17 22.8 7.2

9 6.19 22.7 7.2

10 6.19 20.0 11.2

1976 J Mater Sci (2010) 45:1972–1976

123

http://dx.doi.org/10.1023/B:JMSC.0000013900.26175.cc

	Strain-hardening in the oscillatory shear deformation �of a dedoped polyaniline electrorheological fluid
	Abstract
	Introduction
	Materials and methods
	Materials
	Polymerization procedure
	Preparation of ER fluids
	Rheological measurements

	Results and discussion
	Conclusion
	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 true
  /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 [5952.756 8418.897]
>> setpagedevice


