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Abstract Electrolyte design for Li ion batteries was

approached by means of comparison of faradaic and non-

faradaic currents. The faradaic current by the movement of

Li? ions was dependent on the composition of the electro-

lyte and was related to the battery capacity; the higher the

capacity, the greater the current by the faradaic reaction.

The open circuit potential of the electrode with a greater

faradaic current decreased at a slower rate than that of the

electrode with a smaller faradaic current. This analysis

method can be used to prepare an optimal electrolyte of an

actual Li ion battery, especially when developing batteries

with excellent high-rate discharge capabilities and low

temperature discharge properties.

Keywords Faradaic reaction � Non-faradaic reaction �
Open circuit voltage � Li ion battery � Electrolyte

1 Introduction

The energy state of a rechargeable battery is determined by

estimating the difference between the electrical potentials

of its cathode and anode. In the case of a Li ion battery, this

difference is controlled by graphite and LiMO2 (M=Co,

Mn, Ni) electrodes, which intercalate and dissociate lith-

ium during the charging period. The electrolyte stability at

the surface of the electrode changes with the state of charge

of the electrodes. Therefore, analyzing the electrochemical

behavior at the surface of the electrode is the key towards

stabilizing a Li ion battery. Various studies have been

conducted to increase the stability of the Li ion battery by

manipulating the electrolyte components (solvent, salt and

additive) to prevent the decomposition of the electrolyte by

oxidation and reduction on the surface of the charged

electrodes [1–7]. These studies have made a significant

contribution towards increasing the safety of the Li ion

battery in view of continuous upgrades and escalating

demands of technology.

In general, faradaic current is defined as the transfer of

an electron across the interface between the electrode and

electrolyte; this current is responsible for the electro-

chemical reduction or oxidation of the electrolyte at the

interface. Non-faradaic current is defined as the accumu-

lation of charge at the metal-solution interface; this current

is responsible for the formation of an electrical double

layer [8]. The formation of this double layer depends on the

composition of the electrolyte and the potential applied to

the electrode. In the Li ion battery, since the formation of

the electrical double layer during the initial charging period

does not significantly depend on the battery capacity, non-

faradaic currents are seldom used to generate analytical

signals. However, electric potential is determined by the

summation of the faradaic and non-faradaic potentials

estimated during the charging and discharging periods,

respectively. The non-faradaic potential is determined from

a capacitive component, and it is related to the electro-

chemical stability between the electrode and electrolyte.

On the other hand, the faradaic potential is determined not

only from the electrochemical reactions of the electrolyte

components on the surface of the electrode but also from

the intercalation and dissociation of Li? ions into and out

of the electrode in the Li ion battery. Xu et al. proposed

that the actual electrode should be used for the electro-

chemical reaction, because the faradaic reaction depends

on the surface of the electrode [1]. However, they did not
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sufficiently discuss the dissociating and intercalating

reactions of Li? ions in the faradaic process, even though

the ions dissociate from the LiMO2 electrode by oxidation

and intercalate to the graphite electrode by reduction dur-

ing the charging period. In this paper, the faradaic and non-

faradaic reactions during the charging period of the

graphite and LiCoO2 electrodes were compared to optimize

the composition of the electrolyte for an actual Li ion

battery, by using linear sweep voltage (LSV) and open

circuit potential measurement (OCP). All electrochemical

analyses were performed using a scanning electrochemical

microscope (SECM) placed in an argon-charged glove box

to measure the currents (in pA) precisely.

2 Experimental

Electrolyte grade ethylene carbonate (EC), diethyl car-

bonate (DEC), ethyl methyl carbonate (EMC), dimethyl

carbonate (DMC), and lithium salts (LiPF6, LiBF4,

and LiTFSI [TFSI = bis(trifluoromethane sulfonylimide)]

were obtained from Cheil Co., Ltd. and used without fur-

ther purification. Graphite and LiCoO2 electrodes were

obtained from Enerland Co., Ltd. as the mass-producing

grade for a Li ion battery. Electrolyte systems were pre-

pared by volume ratio in a glove box filled with argon gas

(purity 99.99%). All the electrochemical reactions were

analyzed using a scanning electrochemical microscope

(SECM, CHI900B, CH instruments) installed in the glove

box. A Pt wire was used as a reference electrode; graphite

and LiCoO2 were alternately used as working and counter

electrodes. The radius of the working electrodes—graphite

and LiCoO2—was 3.22 mm, and the potential difference

between LiCoO2 and graphite was almost 0 V in the

uncharged state. The charging rate for the reduction and

oxidation of the graphite and LiCoO2 electrodes, respec-

tively, was fixed at 50 mV s-1. All data for the reduction

of the graphite electrode and the oxidation of the LiCoO2

electrode were obtained separately during the first charging

process.

3 Results and discussion

3.1 Oxidation and reduction behavior of LiCoO2

and graphite

The electrochemical reaction comprises the faradaic and

non-faradaic reactions that occur at the interface between

the electrode and electrolyte. In the Li ion battery, the

faradaic reaction comprises the decomposition of the

electrolyte and the movement of Li? ions during charging

and discharging processes. Of these reactions, the

decomposition of the electrolyte is an ancillary reaction

that depends on the change in the electrode potential and

mainly occurs during the initial charging period at the

graphite electrode or during the overcharging period at the

LiCoO2 electrode. The movement of Li? ions is derived

from the association-disassociation in the LiCoO2 electrode

and intercalation–deintercalation in the graphite electrode.

The non-faradaic reaction is responsible for the electro-

chemical stability of the electrolyte. Fig. 1 shows the total

LSV data obtained in terms of the reduction at the graph-

ite electrode and the oxidation at the LiCoO2 electrode,

with the electrolyte having a LiPF6 concentration of

0.5–2.0 mol L-1 in EC. The predominant difference

between the reduction and oxidation processes was that the

non-faradaic region on the LiCoO2 substrate was shorter

than that on the graphite substrate. The potential of the

non-faradaic region ranged from 0 to ?0.5 V for LiCoO2

and from 0 to –1.9 V for graphite; therefore, the potential

window of the electrolyte required for resisting the catho-

dic reaction must be wider than that required for resisting

the anodic reaction. In the case of the graphite electrode,

the peak at -2.2 V is thought to occur due to the formation

of a solid electrolyte interface (SEI) layer. However, in the

case of the LiCoO2 electrode, it was difficult to observe the

special peak of the oxidation current above of ?0.5 V,

which is the potential at which Li? dissociation begins.

Therefore, it is clear that decomposition of the electrolyte

during the initial charging period is governed by the

reduction at the graphite electrode, not by oxidation at the

LiCoO2 electrode. According to Aurbach and Andersson,

the reason for such a phenomenon is that all the cathode

materials—transition metal oxide based on Co, Mn, and

Ni—are already in an oxidized state; therefore, they cannot

be oxidized further [9–12]. However, it is reported that a

protective film is formed on LiMO2 compounds such as

LiMnO2, LiCoO2, and LiNiO2 at high oxidation potentials;

Fig. 1 Total LSV data of reduction process at the graphite electrode

and of the oxidation process at the LiCoO2 electrode with LiPF6

contents from 0.5 to 2.0 mol L-1 in EC: a non-faradaic region,

b faradaic region
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this affects the irreversible capacity of the Li ion battery

[13–17]. These oxidation films are analyzed by determin-

ing the impedance, surface image and surface structure of

the electrode using synchrotron spectroscopy, X-ray dif-

fraction, high-resolution electron microscopy, electron

diffraction and solid-state NMR spectroscopy. In this

study, since there was no evidence of a special decompo-

sition peak at the LiCoO2 electrode, the discussion on the

formation of the SEI layer at this electrode is still a matter

of intense investigation. In the case of the graphite elec-

trode, the special peak that is responsible for the formation

of the SEI layer was shifted to the Li? reduction potential

with a gradual increase in the concentration of LiPF6.

However, this phenomenon was dismissed as a minor

occurrence, since the shift in the reduction potential was

not large compared to the shift of the peak in the case of

mixed-salt experiments. In the authors’ previous paper

on the mixed-salt effect due to the formation of the SEI

layer, the reduction peak on the graphite electrode formed

during the first charging period was confirmed as a valid

peak, and it significantly affected the battery performance

(i.e. charge/discharge capacities, life cycle, safety, and

storage properties of the battery at high temperature) [18].

The faradaic currents increased dramatically from ?0.5

and -2.5 V in the oxidation and reduction processes,

respectively; these currents are probably attributable to the

Li? dissociation from LiCoO2 and Li? intercalation to

graphite, and not to the electrochemical reaction of the

electrolyte at the interface. Although there is no special

peak assumed for the decomposition of the electrolyte, it is

still regarded as a part of the faradaic reaction because the

Li? ions are dissociated from LiCoO2 by oxidation and

intercalated to graphite by reduction in these regions. Note

that the currents generated during the faradaic reactions

decrease with an increase in the salt concentration, as

shown in Fig. 1. Several reports on the relationship

between the salt concentration and the ionic conductivity

exist; a majority of these studies investigate how ionic

conductivity can be increased or how the potential window

can be expanded [19, 20]. For example, at low salt con-

centrations, the number of free ions increases with the salt

concentration; consequently, the ionic conductivity also

increases until a threshold concentration level is reached.

Beyond this threshold, an increase in the salt concentration

results in high ion aggregation and high solution viscosity,

which simultaneously reduces the number and mobility of

the free ions. These phenomena were investigated as the

relationship between the lithium salt concentration and the

faradaic currents in this study. The faradaic currents

decreased with increase in the concentration of LiPF6 over

the potential ranges of ?0.5 V at the LiCoO2 and -2.5 V

at graphite electrodes, respectively. This implies that it is

not desirable to increase the salt concentration for

developing an electrolyte system with high ionic conduc-

tivity, since a high salt concentration causes the ion

aggregation and electrolyte viscosity to increase and dis-

turb the mobility of Li ion. In addition, since the faradaic

current generated by interaction of the Li? ion is closely

related to the charging rate, this method provides useful

information for preparing an optimal electrolyte for a Li

ion battery used in hybrid electric vehicles (HEVs), which

have high power requirements.

The amount of faradaic currents was reanalyzed to

investigate the effects of salt concentration under a fixed

potential condition, as shown in Fig. 2. The compared

potentials were ?1.5 V in the oxidation region and -3.5 V

in the reduction region, which were the respective fully

charged potentials of the LiCoO2 anode and the graphite

cathode. Redox currents were constant until the salt

concentration reached 1.0 mol L-1; then the currents

decreased rapidly with increase in salt concentration. Since

the amount of faradaic current generated depends on the

amount of Li? ions dissociated from LiCoO2 and interca-

lated to graphite in the Li ion battery, these experimental

results show that 1.0 mol L-1 of LiPF6 is a necessary and

sufficient condition in this battery system. In other words,

it is futile to increase the salt concentration above

1.0 mol L-1 even if the ionic conductivity increases. The

reason for the above mentioned phenomena can be
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Fig. 2 Redox currents at the fixed potentials: a oxidation current at

?1.5 V at LiCoO2 anode, b reduction current at -3.5 V at the

graphite cathode
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explained in terms of the colligative properties of electro-

lyte solutions, such as ionic aggregation and electrolyte

viscosity. These properties increase rapidly at a salt con-

centration greater than 1.0 mol L-1.

3.2 Effect of solvent composition

To determine the electrolyte condition with the higher

faradaic current at the graphite electrode during the

charging period, the reduction current at -3.0 V was

investigated using three different linear carbonates (DMC,

EMC, and DEC) and EC. The concentration of LiPF6 was

fixed at 1.0 mol L-1. As shown in Fig. 3, the reduction

current increased dramatically from 20 vol.% of EC in all

the three linear carbonate systems; it also increased in the

descending order of DMC, EMC, and DEC. From these

results, it was clear that the charging current increased with

increase in the dielectric constant of the mixed solvent

system; the dielectric constant of each solvent was EC (95),

DMC (3.12), EMC (2.9), and DEC (2.82). However, the

variation in the total dielectric constants of the mixed

electrolyte systems was not sufficiently large to overcome

the difference in the value of the currents generated in each

system. In the case of the 50 vol.% EC system, the total

dielectric constants calculated were 49.06, 48.95, and 48.91

for DMC, EMC and DEC system, respectively. The

difference in the amounts of current generated can also

be attributed to the presence of bulky solvent molecules.

The molecular sizes of DMC (247.5 cm3 mol-1), EMC

(303.5 cm3 mol-1), and DEC (395.5 cm3 mol-1) systems

were calculated using Chem3D Pro 10.0. The current was

inversely proportional to the molecular size of the linear

carbonate. From these results, the faradaic currents gener-

ated by the Li? dissociation from LiCoO2 and the Li?

intercalation to graphite are shown to be directly propor-

tional to the dielectric constant and inversely proportional

to the degree of bulkiness of the solvent molecules.

3.3 Effect of electrolyte salt

In general, ionic conductivity is defined in the same way as

electronic conductivity

r ¼ nZel ð1Þ

where n is the number of charge carriers per unit volume, Z

is the charge of the ion, e is the elementary charge

(1.602 9 10-18 C), and l is the electrical mobility of the

ionic species. The mobility of an ion is known to vary

inversely with its radius ri according to the Stokes–Einstein

relation, which is expressed as follows [8]:

l ¼ 1

6pgri
ð2Þ

where g is the viscosity of the media. Therefore, the ionic

conductivity can be expressed as

r ¼ nZe

6pgri

ð3Þ

In the Li ion battery, the ionic conductivity of the

electrolyte is derived from the electrical mobility of the Li?

ions. However, since the viscosity of the electrolyte

solution is affected by the degree of bulkiness of the

solvent molecules or the ionic bonding force of the salt, the

counterparts of the Li? ions must also be considered.

According to Ue’s study on the ionic conductivity of

various solvents, excellent conductivity can be obtained by

a combination of the ionic mobility of the solvent and its

dissociation constant [21]. In this study, the amount of

faradaic current in the charging period was also

investigated for the three kinds of lithium salts (LiPF6,

LiBF4, and LiTFSI) under various solvent combinations.

As shown in Fig. 4, the reduction current at -3.0 V

decreased in the descending order of LiPF6, LiTFSI, and

LiBF4 in the electrolyte systems. Since the ionic bonding

force of LiBF4 is stronger than that of LiPF6 or LiTFSI

[18], the number of dissociated Li? ions from LiBF4

decreases in the EMC or the DEC system. The reduction

current, generated by the intercalation of Li? ions to the

graphite electrode, is affected by the dissociated ions from

the LiCoO2 electrode during the charging period. This

current generated in the single linear carbonate system

increased in the descending order of DMC, EMC, and

DEC. And the current at -3.0 V was three times greater in

DMC than that in the DEC system, in the case of LiPF6.

These results show that Li? ions were significantly

intercalated to the graphite in the electrolyte system with

LiPF6 and DMC.

During the charging period of the Li ion battery, the

non-faradaic current is generated from the capacitive

components of the electrodes, and the faradaic current is

mainly derived by the Li? interaction with the electrodes.
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And the rate of increase of electrode potential by the far-

adaic current is much slower than that by the non-faradiac

current. These phenomena were verified by the OCP of the

graphite electrode, as shown in Fig. 5. The OCP in a

100 vol.% EMC system was found to decrease more rap-

idly than that in a 50 vol.% EC-added system. These

results indicate that more Li? ions were intercalated into

the graphite electrode in the 50 vol.% EC-added systems

than those in the 100 vol.% DEC system. And the

increasing quantity of the potential of the graphite elec-

trode by the Li? intercalation decreased under the

100 vol.% DEC system. In this study, the voltage-current

profile was analyzed to determine the optimal electrolyte

composition by comparing the faradaic current under dif-

ferent concentrations of LiPF6, solvent component and salt

type. Although these results are similar to the general

studies, the method proposed here is suitable for preparing

an optimal electrolyte for a real battery system.

4 Conclusions

In this paper, the faradaic and non-faradaic reactions during

the charging period were investigated in order to determine

an optimal electrolyte composition for an actual Li ion

battery. The reactions were dependent on the composition

of the electrolyte and were analyzed in terms of the

faradaic and non-faradaic currents. Actually, the faradaic

currents were associated with the concentration of LiPF6

over the potential ranges of ?0.5 V at the LiCoO2 and

-2.5 V at graphite electrodes, respectively. The faradaic

current was also shown to be directly proportional to the

dielectric constant and inversely proportional to the degree

of bulkiness of the solvent molecules. And finally, the OCP

of the electrode with a greater faradaic current decreased at

a slower rate than that of the electrode with a smaller

faradaic current. This analysis method can be used effec-

tively for designing an optimal electrolyte system of an

actual battery with excellent high-rate discharge capabili-

ties and low temperature discharge properties.

Acknowledgements This study was supported by the Research

Fund provided by the University of Seoul (2007-04271054). Pre-

liminary experiments by Mr. Wonkyun Lee are acknowledged.

References

1. Xu K, Ding S, Jow TR (1999) J Electrochem Soc 146:4172

2. Guyomard D, Tarascon JM (1992) J Electrochem Soc 139:937

3. Ein-Eli Y, McDevitt SF, Aurbach D et al (1997) J Electrochem

Soc 144:L180

4. Aurbach D, Ein-Eli Y (1995) J Electrochem Soc 142:1746

R
ed

uc
tio

n 
cu

rr
en

t /
 m

A DMC

EMC

DEC

R
ed

uc
tio

n 
cu

rr
en

t /
 m

A DMC

EMC

DEC

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-3.5

-3.0

-2.5

-2.0

-1.0

-1.5

-0.5

0.0

LiPF6 LiTFSI LiBF4

LiPF6 LiTFSI LiBF4

(a)

(b)

Fig. 4 Reduction currents measured at -3.0 V: a in the mixture of

EC 50 vol.% and linear carbonate 50 vol.%, b in only linear

carbonate (DMC, EMC, DEC)

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0

Potential / V

C
ur

re
nt

 / 
m

A

0 vol% EC in DEC

50 vol% EC in DEC

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0 100 200 300 400 500
Open circuit time / s

O
C

P
 / 

V

0 vol% EC in DEC

50 vol% EC in DEC

(a)

(b)

Fig. 5 Comparison of the open circuit potential (OCP) of the

charged electrode: a charge profiles of graphite anode, b OCP profiles

after charging to -3.5 V

J Appl Electrochem (2009) 39:955–960 959

123



5. Bar-Tow D, Peled E, Burstein L (1999) J Electrochem Soc

146:824

6. Peled E, Bar Tow D, Merson A et al (2001) J Power Sources

97:52

7. Peled E, Menachem C, Bar-Tow D et al (1996) J Electrochem

Soc 143:L4

8. Bard AJ, Faulkner LR (2000) Electrochemical methods funda-

mentals and applications, 2nd edn. Wiley, New York

9. Aurbach D, Levi MD, Levi E et al (1998) J Electrochem Soc

145:3024

10. Aurbach D, Gamolsky K, Markovsky B et al (2000) J Electrochem

Soc 147:1322

11. Eriksson T, Andersson AM, Bishop AG et al (2002) J Electro-

chem Soc 149:A69

12. Andersson AM, Abraham DP, Haasch R et al (2002) J Electro-

chem Soc 149:A1358

13. Novak P, Panitz J-C, Joho F et al (2000) J Power Sources 90:52

14. Balasubramanian M, Sun X, Yang XQ et al (2001) J Power

Sources 92:1

15. Teradaa Y, Yasakaa K, Nishikawab F et al (2001) J Solid State

Chem 156:286

16. Meng YS, Ceder G, Grey CP et al (2004) Electrochem Solid State

Lett 7:A155

17. Grey CP, Dupr’e N (2004) Chem Rev 104:4493

18. Jung C (2008) Solid State Ionics 179:1717

19. Ue M, Murakami A, Nakamura S (2002) J Electrochem Soc

149:A1572

20. Wang S, Qiu W, Guan Y et al (2007) Electrochimica Acta

52:4907

21. Ue M (1994) J Electrochem Soc 141:3336

960 J Appl Electrochem (2009) 39:955–960

123


	Electrolyte optimization for a Li ion battery by charge �profile analysis
	Abstract
	Introduction
	Experimental
	Results and discussion
	Oxidation and reduction behavior of LiCoO2 �and graphite
	Effect of solvent composition
	Effect of electrolyte salt

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


