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Abstract We present a one-step electrochemical

method to produce water-based stable carbon nano

colloid (CNC) without adding any surfactants at the

room temperature. The physical, chemical, and

thermal properties of CNC prepared were character-

ized by using various techniques, such as particle

size analyzer, zeta potential meter, TEM, XRD,

FT-IR, turbidity meter, viscometer, and transient

hot-wire method. The average primary size of the

suspended spherical-shaped nanoparticles in the CNC

was found to be *15 nm in diameter. The thermal

conductivity of CNC compared with that of water

was observed to increase up to *14% with the CNC

concentration of *4.2 wt%. The CNC prepared in

this study was considerably stable over the period of

600 h. With the assistance of FT-IR spectroscopy

analysis, we confirmed the presence of carboxyl

group (i.e., O–H stretching (3,458 cm-1) and C=O

stretching (1,712 cm-1)) formed in the outer atomic

layer of carbon nanoparticles, which (i) made the

carbon particles hydrophilic and (ii) prevented the

aggregation among primary nanoparticles by increas-

ing the magnitude of zeta potential over the long

period.

Keywords Colloid � Carbon nanoparticles �
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Stability � Nanofluids

Introduction

Nanotechnology is an important field at the cross-

roads of physics, engineering, and materials science.

Especially, carbon nanostructures including carbon

nanotube (CNT) and fullerene (C60) have attracted

much interest because of their potential applications

in display, heat transfer media, fuel cell, secondary

battery, shielding materials for electrostatics and

electron wave, functional composite materials, and

semiconductor and anti-wear materials. However, the

applications of CNT and fullerene are limited

because they are easily aggregated each other due

to strong van der Waals attraction forces. To obtain
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the stable dispersion of CNTs in an aqueous solution,

an additive or chemical reagent is generally required

(Jiang et al. 2003).

Hudson et al. (1997) and Peckett et al. (2000)

prepared graphite particle-based nanofluid with the

assistance of electrochemical oxidation method,

where anodic erosion occurred at the surface of

graphite electrode immersed in ethanoic acid, sulfuric

acid, and deionized (DI) water. The size range of

oxidized graphite particles obtained was 40–870 nm

in diameter. Unlike those previous studies, we simply

immersed electrodes into DI water without adding

any surfactants in the combined electrochemical and

sonochemical processes, and then we obtained stable

carbon particle-based nanofluid with narrow primary

size distribution, and also the production rate of our

carbon nano colloid (CNC) fluid was reached at

*1,400 g/h, which was *300 times larger amount

than the colloidal production rate made by Peckett

et al. (2000).

Here, we describe an electrochemical and sono-

chemical oxidation method to produce the water-

based CNC with excellent stability. The morphology

and size distribution of CNC prepared in this study

were analyzed by using a TEM and a particle sizer

(i.e., dynamic light scattering technique). Since the

nanofluids such as CNC are the new engineering

materials, we also measured the thermal conductivity

and viscosity of CNC for their potential applications

in heat transfer-enhanced systems. Turbidity analysis

was also made to evaluate the colloidal stability of

aqueous suspension. To investigate the stabilization

mechanism of CNC prepared, FT-IR spectroscopy

and zeta potential analysis were made.

Experimental

One-step electrochemical method for CNC

preparation

High-density isotropic graphite was used as an anode,

and a stainless steel plate was used as a cathode. The

graphite anode used was 300 mm (W) 9 500 mm

(H) 9 50 mm (D), and the perforated stainless steel

plate cathode used was 300 mm (W) 9 500 mm

(H) 9 3 mm (D). The distance between two elec-

trodes immersed in a DI water bath was able to be

varied from 1 to 100 mm at the current density of

from 3 to 20 mA/cm2. In the electrolysis process, the

electric power applied to the electrodes was varied in

multiple stages. (i) A constant voltage of 30 V, (ii) a

constant current of 25 A, and then (iii) a constant

current of 20 A were sequentially applied to the

electrodes. Simultaneously, the colloidal solution was

forcedly dispersed by an ultrasonicator, which was the

flat-type ultrasonic equipment (Flexonic-1200-35/72/

100G, Mirae Ultrasonic Tech., Korea). To prevent the

aggregation of nanoparticles, the ultrasonicator was

continuously operated at the power output of 1,000 W

with the frequency of 100 ± 5 kHz during the

production of CNC with the volume of *1 m3. The

combined electrochemical and sonochemical oxida-

tion processes were kept for 30 days, and then the

saturated concentration of CNC was found to be

*0.4 wt%. We also monitored the electrical conduc-

tivity (r) of the DI water using an electrical

conductivity meter (LF11, SCHOTT) during the

electrolysis process where the electrode was eroded

to generate the CNC. We observed that the production

of CNC was classified into three stages as follows: (i)

the beginning stage of extremely low production rate

of CNC (i.e., r \*0.3 dS/m) presumably due to

initially high electrical resistivity of DI water

(*50 kX m), (ii) the second stage of high production

rate of CNC presumably due to the increase of the

number concentration of electrolytes of both H+ and

OH- ions generated by the continuous electrolysis

process (i.e., *0.3 B r \*1.6 dS/m), and (iii) the

final stage of low production rate of CNC presumably

due to the saturation of electrolytes (i.e., *1.6 B r\
*1.7 dS/m. Here, *1.7 dS/m was the maximum

electrical conductivity observed in our electrochem-

ical method.), and then the CNC generation was

ceased when the electrode completely used up.

Characterization of physical, chemical,

and thermal properties of CNC

The morphology of CNC was determined by a TEM

analysis (JEMM 2011, Jeol). The FT-IR spectra were

also measured by a Perkin Elmer Spectrum GX

spectrometer in the wavelength range of 400–

4,000 cm-1 with KBr pellet method under dry airflow.

The high-resolution X-ray diffraction (XRD) patterns

were obtained by a Philips X’pert Pro MRD. Particle size

distribution and zeta potential of CNC were measured
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by a dynamic light scattering and an electrophoretic light

scattering (ELS-8000, Otsuka Electronics) technique,

respectively. For evaluating the colloidal stability, the

turbidity of CNC was measured as a function of

sedimentation time with the assistance of nephelometer

(2100AN, HACH). To measure the thermal conductivity

of CNC, a transient hot-wire method was employed.

Teflon-coated platinum wire with the diameter of

76 lm and the length of 15 cm was used for thermal

conductivity measurement based on the hot-wire

method. Initially, the Teflon-coated platinum wire

was immersed in the CNC, which was temperature

controlled by a water bath. We applied constant

voltage of 15 V (i.e., heat flux of *110 W/m) to the

electronic circuit of hot-wire system; the electric

resistance of the Teflon-coated platinum wire

increased with increasing the temperature of the

wire. Here the voltage output was measured by an

A/D converting system at the sampling rate of 20 times

per second. The thermal conductivity of CNC was

extracted from the slope of the rise in the wire’s

temperature against logarithmic time interval by the

following equation (Nagasaka and Nagashima 1981).

k ¼ q

4pðT2 � T1Þ
ln

t2
t1

� �
ð1Þ

where k is the thermal conductivity of fluid and T is

the temperature of the wire at time, t. In the series

of hot-wire measurements, the average thermal

conductivity of CNC with various weight concen-

trations at 25 �C was determined over five times

repeated measurements. Here the measurement error

in the thermal conductivity of CNC was less than

*1.5%.

The viscosity of CNC was measured by Ubbelohde

viscometer (Capillary viscometer with viscoclock,

SCHOTT).

Results and discussion

Morphology and particle size distribution

measurements of CNC

Figure 1 shows the TEM image of CNC. One can see

that the nanoparticles are spherical shape with the

average diameter of *15 nm. The size distribution of

primary particles in the CNC was in-situ measured by

using a dynamic light scattering measurement

technique, which was presented in Fig. 2. The

average size of primary particles was found to be

*18 nm with very narrow particle size distribution

(i.e., standard deviation of *1.16). It is presumably

because the growth of particles in our one-step

electrochemical method was suppressed by (i) the

formation of functional groups on the surface of

particles, which prevented the aggregation of result-

ing particles, which will be discussed in detail later,

and also (ii) the presence of ultrasonication energy to

separate the aggregated particles.

Fig. 1 TEM image of electrochemically produced carbon

nano colloid (CNC)

Fig. 2 Particle size distribution of CNC at 25 �C and

pH = 2.3 measured by a dynamic light scattering technique
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Measurement of thermophysical properties of

CNC

To evaluate the heat transfer performance of CNC,

we needed to measure its effective thermal conduc-

tivity and viscosity. Figure 3 shows the thermal

conductivity enhancement of CNC compared with

pure water. As the CNC concentration was increased

from 0.4 wt% to 4.2 wt%, the thermal conductivity

enhancement of CNC was observed to increase from

*2 to *14%. Recently, Zhu et al. (2007) reported

that the aqueous nanofluids with graphite nanoparti-

cles enhanced the thermal conductivity of the base

fluid by *34% with the graphite colloid concentra-

tion of 2.0 vol%. However, for our CNC nanofluid

with 2.4 vol% of carbon nanoparticles (i.e., 2.4 vol%

of CNC can be calculated from *4.2 wt% of CNC

with the carbon density of 1.75 g/cm3), we observed

that the thermal conductivity of CNC was enhanced

about *14% compared with that of pure water. The

discrepancy of thermal conductivity enhancement

between Zhu et al.’s graphite nanofluid and our CNC

nanofluid is presumably attributed to (i) the formation

of non-crystalline structure of carbon in our CNC and

(ii) the possible presence of oxide layer on the surface

of carbon nanoparticles produced by the electrolysis

process in our approach. To corroborate this, we

performed the XRD analysis for both the bulk

material of anode electrode (i.e., graphite) and the

dried CNC particles. One can see that anode electrode

material showed a major strong peak as a crystalline

structure as seen in Fig. 4a, while dried CNC

particles showed multiple peaks with relatively low

intensity as seen in Fig. 4b, indicating that dried CNC

particles are the mixture of polycrystalline and

amorphous structures.

In the rheological study, the viscosity of CNC with

various concentrations and temperatures was mea-

sured as shown in Fig. 5b. Some previous researches

(e.g., Ding et al. 2006; He et al. 2007) showed that

non-Newtonian behavior of nanofluid with shear

thinning effect was appeared at the relatively low

shear rate. In those works, the viscosity of suspension

was decreased with increasing shear rate and finally

reached to a constant value. In a shear thinning

regime, the viscosity of suspension was observed to

be larger than that of the base fluid by the order of

2–4. Unlike those works done by Ding et al. (2006)

and He et al. (2007), another researches (Das et al.

2003; Prasher et al. 2006) presented that nanofluids

had the behavior of Newtonian fluid. However, they

did not present how the viscosity was varied at the

lower shear rate (*50 s-1). It is noted that nanofluid

suspensions have shown controversial rheological

behaviors between Newtonian and non-Newtonian

flow regimes. We believe that the stability and

dispersion states (i.e., agglomeration degree of

primary particles and particle size distribution) also

have a great influence on the viscosity characteristics

of the suspension. These complicated behaviors of

nanofluids have been investigated experimentally and

theoretically by Larson (1999). However, we cannot

find any information about the dispersion conditions

for any of the previous researches. Therefore, it is
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hard to compare those previous studies directly with

our present approach at this point. Here, since the

effective viscosity of the CNC compared with that of

DI water (see Fig. 5b) in our approach was increased

about less than *15%, indicating that the CNC

prepared in this study is categorized into Newtonian

fluid. Therefore, we assumed the CNC as a Newto-

nian fluid so that we employed a capillary viscometer,

which measured the time taken for a liquid level to

pass through the constant length of capillary, and then

Poiseuille equation is employed to determine the

viscosity of nanofluids. The viscosity of CNC was

decreased with increasing the fluid temperature, and

simultaneously, it was increased with increasing the

colloidal concentration. To check the validation of

CNC’s viscosity measured, we first compared the

experimentally determined viscosity of CNC with the

viscosity of general nanofluids calculated by several

theoretical models suggested by Einstein, Batchelor,

Brinkman, and Ward (Mansour et al. 2007; Avsec

and Oblak 2007; Nguyen et al. 2008). Figure 5a

shows that the experimentally determined viscosity of

CNC was much higher than theoretically determined

viscosity of nanofluids because those theoretical

models did not account for nanoparticles’ interactions

and Brownian motion, which were occurred in our

CNC nanofluids. Also, it is interesting to note that the

viscosity of CNC with the concentration of even

*6 wt% was increased only *15% compared with

that of DI water. Since the increase of viscosity in

nanofluids is generally resulted from anchoring

between the aggregated particles in the nanofluids,

this indirectly implies that the carbon nanoparticles in

our CNC nanofluid were well separated by strong

repulsion forces with even high concentration of

nanoparticles (i.e., *6 wt%).

Stability test of CNC

The stability of the ceramic suspension is generally

determined by measuring the sediment volume as a

function of time. However, this method is not suitable

for our current CNC suspension because the CNC

was too dark to detect the volume of sediment.

Therefore the supernatant was analyzed in this

approach for qualitatively evaluating the stability of

CNC suspension by using a turbidity meter. In many
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previous studies (Siffert et al. 1994; Den and Huang

2005; Janus et al. 2006), they employed the turbidity

meter as an easy and reliable instrument to qualita-

tively evaluate the stability of nanofluids with the

turbidity unit of approximately several hundreds of

Nephelometric Turbidity Units (NTU). Since the

turbidity of our resulting CNC was too dark (i.e.,

*4.2 wt%), the turbidity of resulting CNC was out

of detection range of our turbidity meter (2100AN,

HACH). Therefore, prior to the turbidity measure-

ment of the resulting CNC, we needed to sufficiently

dilute it down to *0.2 wt%, in which the CNC

turbidity was then measurable (i.e., *several hun-

dreds NTU) and also it was observed to be very stable

without any abrupt changes in the turbidity values for

600 h as seen in Fig. 6, indicating that the diluted

CNC was very stable. Figure 7a shows the evolution

of zeta potential of CNC as a function of CNC

concentration, and Fig. 7b presents the zeta potential

of 0.2 wt% CNC in the pH range from 2 to 11. One

can see that the zeta potential of CNC is weakly

dependent to the CNC concentration and pH values,

indicating that our electrochemical oxidation method

produced extremely stable carbon colloidal in water-

based solution without adding any surfactants.

FT-IR spectrometer analysis of CNC

Now we turn our attention to investigate why CNC

presented excellent stability without any surfactants.

We performed FT-IR measurement for the original

graphite electrode, the as-produced CNCs at pH =

2.3 and pH = 5.1, and the dried CNC nanoparticles.

The FT-IR spectrum of the original graphite electrode

prior to oxidation (i.e., spectrum (a) in Fig. 8) shows

no significant bands except the weak absorption band

at 1,697 cm-1 probably owing to impurities in the

potassium bromide. Spectra (b) and (c) in Fig. 8 show

the original CNC prepared at different pHs. Both

spectra (b) and (c) similarly show the absorption

bands at 3,367 and 1,639 cm-1. Spectrum (d) in

Fig. 8 presents the carbon nanoparticles, which were

dried at 100 �C for 24 h. The strong transmittance

signals appeared at 3,458, 1,712, 1,252, and

1,450 cm-1 are occurred due to O–H, C=O, C–O

stretching, and O–H bending, respectively. Another

strong band at 1,632 cm-1 is presumably occurred

due to the C=C stretching of graphite. The border and

strong peak from 2,300 to 3,500 cm-1 show the O–H

stretching due to the presence of hydroxyl group, and
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with pH = 5.1, and (d) dried CNC under 100 �C for 24 h
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also the strong peak of 1,712 cm-1 shows the

presence of carbonyl group. The carboxyl group

combined with hydroxyl and carbonyl group are

known as hydrophilic functional groups. We believe

that the formation of hydrophilic functional groups on

the surface of the carbon nanoparticles eventually

resulted in the induction of strong repulsion forces

among the primary carbon nanoparticles corroborated

by zeta potential measurement (see Fig. 7) so that

CNC nanofluids prepared in this study become stable

for a long time period.

Possible mechanism of the formation of stable

CNC

The functional groups such as carbonyl, hydroxyl,

and carboxyl group were formed on surface of carbon

nanoparticles verified by FT-IR analysis. A schematic

representation of the graphite surface oxides was

presented in Fig. 9. In the graphite structure, each

carbon atom is covalently bonded to other carbon

atoms so that they form flat sheet-like sequential

hexagonal structures. However, the parallel flat sheets

of hexagonal-structured carbon atoms are weakly

bonded together by van der Waals attraction forces,

implying that the parallel carbon flat sheets are easy

to split by relatively weak external forces, and also

other functional groups can easily enter between the

graphite flat sheets (Kinoshita 1988).

On the basis of graphite structures, we describe the

mechanism of the formation of stable CNC as seen in

Fig. 10, which presents the schematic of CNC produc-

tion process in the electrochemical and sonochemical

oxidization. Initially, the stacked layers of the graphite

at the electrodes were bonded together by van der

Waals attraction force (see Fig. 10a). During the

electrochemical oxidization in the water, an anion

(OH-) formed from the cathode with the excess of

electrons moved toward the anode with the deficit of

electrons. At the anode, the electrons were removed at

the surface of carbon nanoparticles, and simulta-

neously, the oxidation process was occurred.

Furthermore, the ultrasonic treatment during the elec-

trochemical process added cavitation energy on the

surface of carbon nanoparticles for enhancing the

dispersity. Since the combined oxidation and cavitation

energy were imposed on the surface of carbon in the

electrochemical process, the magnitude of repulsion

forces formed between the stacked layers get larger

than that of van der Waals attraction forces between the

layers as depicted in Fig. 10b so that the resulting CNC

nanofluid is able to maintain its stability as long as the

hydrophilic functional groups exist.

Conclusions

With the assistance of a one-step electrochemical

oxidization method, the ultra stable aqueous CNC
Fig. 9 The functional groups of graphite surface in the

electrochemical oxidization process

(a) 

(b) 

Fig. 10 The schematic of CNC production process in the

electrochemical and sonochemical oxidization. (a) van der

Waals attraction forces acting between the stacked layers in

graphite and (b) functional groups-induced repulsion forces

acting between the stacked layer in graphite
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solution was successfully produced without adding

any surfactants in this study. Various characterization

techniques were employed to measure the physical,

chemical, and thermal properties of the CNC by using

TEM, XRD, particle sizer, FT-IR, zeta meter, tran-

sient hot wire, and viscometer. We found that the

formation of the hydrophilic functional groups on the

surface of carbon nanoparticles in the CNC solution,

which eventually resulted in the excellent stability of

the resulting CNC suspension in DI water. As a result

of stability test, we confirmed that CNC is well

dispersed in the DI water over a long time period up

to *600 h. Also, the thermal conductivity of the

CNC prepared with the initial concentration of

*4.2 wt% was enhanced *14% compared with the

thermal conductivity of pure water.

Acknowledgments This work was supported by grant no.

10026688 from the Advanced Technology Center Project of

Ministry of Commerce, Industry and Energy.

References

Avsec J, Oblak M (2007) The calculation of thermal conduc-

tivity, viscosity and thermodynamic properties for

nanofluids on the basis of statistical nanomechanics. Int J

Heat Mass Transf 50:4331–4341

Das SK, Putra N, Roetzel W (2003) Pool boiling characteristics

of nano-fluids. Int J Heat Mass Transf 46:851–862

Den W, Huang C (2005) Electrocoagulation for removal of

silica nano-particles from chemical-mechanical-planari-

zation wastewater. Colloids Surf A 254:81–89

Ding Y, Alias H, Wen D, Williams RA (2006) Heat transfer of

aqueous suspensions of carbon nanotubes (CNT nanofluids).

Int J Heat Mass Transf 49:240–250

He Y, Jin Y, Chen H, Ding Y, Chang D, Lu H (2007) Heat

transfer and flow behaviour of aqueous suspensions of

TiO2 nanoparticles (nanofluids) flowing upward through a

vertical pipe. Int J Heat Mass Transf 50:2272–2281

Hudson MJ, Hunter-Fujita FR, Peckett JW, Smith PM (1997)

Electrochemically prepared colloidal, oxidized graphite.

J Mater Chem 7(2):301–305

Janus M, Inagaki M, Tryba B, Toyoda M, Morawski AW

(2006) Carbon-modified TiO2 photocatalyst by ethanol

carbonization. Appl Catal B Environ 63:272–276

Jiang L, Gao L, Sun J (2003) Production of aqueous colloidal

dispersions of carbon nanotubes. J Colloid Interface Sci

260:89–94

Kinoshita K (1988) Carbon, electrochemical and physico-

chemical properties. John Wiley & Sons, Inc., NY

Larson RG (1999) The structure and rheology of complex

fluids. Oxford University Press, Inc., NY

Mansour RB, Galanis N, Nguyen CT (2007) Effect of uncer-

tainties in physical properties on forced convection heat

transfer with nanofluids. Appl Therm Eng 27:240–249

Nagasaka Y, Nagashima A (1981) Absolute measurement of

the thermal conductivity of electrically conducting liquids

by the transient hot-wire method. J Phys E Sci Instrum

14:1435–1440

Nguyen CT, Desgranges F, Galanis N, Roy G, Mare T, Boucher

S, Mintsa HA (2008) Viscosity data for Al2O3-water

nanofluid-hysteresis: is heat transfer enhancement using

nanofluids reliable? Int J Therm Sci 47:103–111

Peckett JW, Trens P, Gougeon RD, Poppl A, Harris RK, Hudson

MJ (2000) Electrochemically oxidized graphite. Charac-

terisation and some ion exchange properties. Carbon 38:

345–353

Prasher R, Song D, Wang J, Phelan P (2006) Measurements of

nanofluid viscosity and its implications for thermal

applications. Appl Phys Lett 89:133108

Siffert B, Jada A, Eleli-Letsango J (1994) Stability calculations

of TiO2 nonaqueous suspensions: thickness of the elec-

trical double layer. J Colloid Interface Sci 167:281–286

Zhu H, Zhang C, Tang Y, Wang J, Ren B, Yin Y (2007)

Preparation and thermal conductivity of suspensions of

graphite nanoparticles. Carbon 45:203–228

1128 J Nanopart Res (2008) 10:1121–1128

123


	Production and characterization of carbon nano colloid �via one-step electrochemical method
	Abstract
	Introduction
	Experimental
	One-step electrochemical method for CNC preparation
	Characterization of physical, chemical, �and thermal properties of CNC

	Results and discussion
	Morphology and particle size distribution measurements of CNC
	Measurement of thermophysical properties of CNC
	Stability test of CNC
	FT-IR spectrometer analysis of CNC
	Possible mechanism of the formation of stable CNC

	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


