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Abstract A method for the decolourization of col-

oured cotton fabric dyed with vat dyes, based on

exposure to infrared laser light, has been tested. Pulsed

CO2 laser has been used for all experiments. To detect

changes in colour shade, reflection data of original and

dyed cotton irradiated at various fluency of infrared

laser light were measured on a UV–VIS spectropho-

tometer, and then colour intensity was calculated for

each vat dye. To observe changes in chemical compo-

sition and morphology of fiber surfaces, an analysis

was performed by X-ray photoelectron spectroscopy

and scanning electron microscopy due to thermal

effects. Thermal stability of vat dyes and cotton fabric

was determined with differential scanning calorimetry

method to simulate the heating process during expo-

sure of samples to the infrared laser irradiation.

Keywords Cotton � CO2 laser � Decolourization of

fabric

Introduction

UV lasers are used for the modification of fiber surfaces

due to their high absorption of UV laser light. UV laser

treatment can change adhesion, wetting and optical

properties of synthetic fibers such as polyamide and

polyester (Knittel et al. 1997; Laude et al. 2001; Yip

et al. 2004). This process can be exactly localized due

to low wavelength of radiation. There are no thermal

effects from the localization, and various structures can

be obtained with closely defined sizes on polymer

surfaces (Laude et al. 2001; Bahners and Schollmeyer

1987; Bahners and Schollmeyer 1989; Arenholz et al.

1991; Arenholz et al. 1993).

IR laser light irradiates only a few layers of fiber in

textile structure during one irradiation. Deep penetration

of IR laser light is caused by lower absorption of this

light into the polymer. IR lasers provide a wider field of

application due to cheaper light sources working with

higher energy output and no use of toxic gases. CO2

lasers, which produce light with a wavelength of

10.6 lm, are used for creation of the worn look of

denim fabrics in the textile industry as an alternative

method to conventional techniques for the fading

process (Brannon and Lankard 1986). Decolourization

with CO2 lasers is applied to denim fabric to create a

worn look (Öndogan et al. 2005; Dascalu et al. 2000;

Özguney et al. 2009).

Experimental

Materials

Hundred percentage cotton fabric twill-weave (3/1)

with fabric areal weight of 259 g m-2, warp density
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of 31 threads/cm, weft density of 14 threads/cm and

fabric thickness of 0.58 mm was used for all exper-

iments. Aqueous solutions containing various amount

of vat dye (0.2, 0.5, 1, 1.5 and 3% w.o.f.) were

employed for dyeing cotton fabric (Fig. 1). Cotton

samples were dyed with the M I method according to

the common dying process described in the pattern

card. The addition of caustic soda and sodium

hydrosulphite is necessary. Liquor ratio was 1:50,

and dyeing time was 60 min. Samples were dyed in a

laboratory dyeing machine with infrared heating

(Ahiba Nuance ECO, Datacolor). Fabrics were rinsed

with cold water after dyeing and then dried at 100 �C

in a laboratory drier (Chirana HS 62A).

Laser irradiation

Infrared laser irradiation was performed with a

commercial pulsed infrared laser (Marcatex 150

Flexi, Easy-Laser). The gas laser operates by carbon

dioxide and produces a wavelength of 10.6 lm. The

laser device contains the following parts (Fig. 2):

laser resonator (1), optical tube (2), optics box (3), the

marking head (4), personal computer unit (5), central

personal computer module (6), direct current source

(7) and radio frequency source (8). The applied

energy density per pulse was 3.1–15.6 mJ/mm2

(Table 1).

X-ray photoelectron spectroscopy

Chemical composition of surfaces of non-dyed cotton

fabric before and after laser irradiation has been

investigated using XPS. It can provide chemical state

information of the detected elements. Measurement is

performed on equipment ESCA (Electron Spectros-

copy for Chemical Analysis) PROBE P (Omicron

Nanotechnology Ltd.) at ultra-high vacuum (under

pressure of 10-10 mbar). An area of approximately

1 mm was analyzed according to setting of equip-

ment. Source of X-ray radiation was Al anode with

energy of 1486,7 eV. Information was obtained from

surface layer of a thickness of approximately

5–10 nm. Measured spectra were analyzed by way

of CasaXPS programme.

Colour measurement and mechanical properties

Photographs of original (non-dyed) and dyed cotton

fabric were taken with a camera (Canon PC 1023,

Japan) before and after laser irradiation. To present

achieved depth of dyeing were made out photos of

dyed (non-irradiated) samples. To observe the color

change of dyed cotton fabrics were provided photos

after laser irradiation. For objective evaluation,

intensities of colour shade of the samples were

measured by using a UV-VIS Reflective Spectropho-

tometer (Datacolor 3890). Reflection factor R was

obtained in the range of 400–700 nm. For testing the

load at break values, yarn of length 5 cm was mounted

on a dynamometer (Tiratest 2150, Germany) at speed

of 50 mm.min-1. The tensile strength of samples was

measured in weft and warp direction.

Fig. 1 Chemical structures

of used dyes

Fig. 2 Diagram of laser system Marcatex 150 Flexi

Table 1 Setting of laser system flexi

Duty cycle (%) 10 15 25 35 50

Pulse energy (mJ) 4 6 10 14 20

Laser fluency (mJ cm-2) 3.1 4.7 7.8 10.9 15.6
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Scanning electron microscopy

The surface morphology of the fabrics before and

after laser irradiation was examined by SEM.

Micrographs were taken using scanning electron

microscope (VEGA TS 5130, Tescan Brno) at

magnification 1,0009, operating typically at 30 kV.

All of the samples were gold-coated (Sputter anlage

for SEM, Proben SCD 030, Balzers Union Ltd.) prior

to SEM examination.

Differential scanning calorimetry

DSC curves were recorded using DSC 6 (Perkin

Elmer). The amount of analyzed dyestuff was from 8

to 10 mg and it was hermetically sealed in an

aluminium pan. Each sample was heated from

25 �C (holding for 1 min) to 450 �C, heating rate

15 �C min-1 followed by cooling to 25 �C in nitro-

gen medium, and flow rate was set to 10 L min-1.

Results and discussion

XPS analysis

XPS analysis can be used to determine quantitative

atomic composition and chemistry. Interaction of

infrared laser light and textile fabric assigned thermal

effect, and this analysis was performed to detect

chemical composition changes of irradiated surfaces of

non-dyed cotton fabrics. Atomic composition ratios of

original and irradiated cotton fabrics were calculated

from the data obtained by XPS, as shown in Table 2.

Atomic composition ratio O/C is higher at lower and

medium laser fluency, and textile sample is oxidized

due to atmospheric oxygen. The highest laser fluency

already caused sample carbonization at operating time

of laser beam in the range of milliseconds. The changes

in a content of oxygen and carbon are displayed in

deconvoluted XPS spectra for C1 s peaks in Fig. 3. It

was observed significant increase of content of carbon

with higher laser fluency.

Relative ratios of functional groups with various

laser treatments are summarized in Fig. 4. Relative

ratio of C=O/C–C is increased at lower laser fluency

(3.1 mJ cm-2) in comparison with original non-

irradiated sample of cotton fabric in Fig. 4 (left). It

happened to decreasing of relative ratio C=O/C–C

groups with medium laser fluency (7.8 mJ cm-2). No

ketone groups were present at the highest irradiation

intensity (15.6 mJ cm-2). Ratios of C–O–/C–C are

decreased with increase of laser fluency with com-

parison with original non-irradiated cotton fabric in

Fig. 4 (right).

Colour measurement and mechanical properties

The change of appearance of cotton fabric after

irradiation by infrared laser light was not visible with

human eye. Browning of original (non-dyed) cotton

fabric was observed with increasing of laser fluency

(Fig. 5).

In this study the decolourization of dyed cotton

fabric has been examined by infrared pulsed laser at

various laser fluency of laser beam. Reflection factor

R of original and laser-irradiated samples of cotton

fabric was measured on UV–VIS spectrophotometer,

in the range of 400–700 nm. K/S values were

calculated from obtained reflection factor R accord-

ing to the well-known Kubelka-Munk equation:

K

S
¼ ð1� RÞ2

2R
ð1Þ

where K is absorption and S is scattering coefficients,

respectively. K/S values increased with higher laser

fluency applied on original (non-dyed) cotton sam-

ples and are summarized in Table 3.

There are showed images of dyed samples of

cotton fabric with various dye percentage (0.2, 0.5, 1,

1.5 and 3) in Fig. 6. It can be seen from obtained

photos that we achieved level dyeings of each

sample of cotton. K/S values for each vat dye at

wavelength with maximal absorption are summarized

in Table 4.

Samples of dyed cotton fabric were irradiated by

infrared laser light with increasing laser fluency.

Table 2 Atomic composition ratio of non-dyed cotton fabric

and laser-irradiated cotton fabric surfaces measured by XPS

Sample

Original 3.1 mJ/cm2 7.8 mJ/cm2 15.6 mJ/cm2

O/C 0.33 0.46 0.38 0.34
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Fig. 3 Deconvoluted XPS C1s peaks for a original (non-dyed) and irradiated cotton samples b 3.1 mJ/cm2, c 7.8 mJ/cm2, d 15.6 mJ/

cm2

Fig. 4 Relative ratio of

functional groups with

various laser treatments

(C1s)

Fig. 5 Image of cotton fabric original and irradiated at various

laser fluency (3.1, 4.7, 7.8, 10.9, 15.6 mJ/cm2)

Table 3 K/S for samples of original (non-irradiated) and

irradiated cotton fabric at wavelength 400 nm

Laser fluency (mJ/cm2)

Original 3.1 4.7 7.8 10.9 15.6

K/S 0.120 0.124 0.691 1.448 1.827 2.035
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Color changes of dyed cotton samples (1%) before

and after irradiation with the highest laser fluency can

be seen in Fig. 7.

Wavelength with maximal absorption were differ-

ent with increasing laser fluency at all samples in case

of C. I. Vat Green 1 (630–650 nm) and C. I. Vat Red

13 (470–490 nm) as is shown in Fig. 8. That is why

the color change of irradiated samples could not be

evaluated in wavelength with maximal absorption for

each vat dye. The decolourization effect of dyed

cotton samples after laser irradiation can be demon-

strated by colour intensity, and it can be calculated

according to the equation:

I ¼
X700 nm

k¼400 nm

K

S
ðkÞ � Dk Dk ¼ 10 ð2Þ

where K is absorption and S is scattering coefficients,

respectively.

The basic idea is as follows. Total colour intensity

IT can be estimated the same as sum of colour

intensity of dyestuff ID (Fig. 9; left) and colour

intensity of fiber IF (Fig. 9; right).

Colour intensity of original (non-dyed) cotton sam-

ples presents colour intensity of fiber IF after laser

irradiation (Fig. 10a). If laser fluency applied on

original (non-dyed) cotton fabric grows then colour

intensity of fiber IF will increase because colour shade

of fabric changes to yellow or brown shade. Colour

intensity I of laser irradiated dyed cotton fabric

decreases with increased level of laser fluency

(Fig. 10b–d). This fact indicates that dyed fabric is

decolourized by infrared laser light. If we irradiate

textile by high laser fluency (more than 8 mJ cm-2)

than in some cases color intensity of dyed textile is lower

than color intensity of non-dyed textile (Fig. 10c).

The changes of tensile strength of yarns were

measured at selected dyeings in weft and warp

direction. The fixing length of yarn was 5 cm and

there were tested 10 yarns for each sample of

experiment. It is seen in Fig. 11a that strength in

weft direction of all dyed irradiated yarns is similar in

weft direction with increasing laser fluency. Medium

and high laser fluency, 7.8 and 15.6 mJ cm-2, caused

the decrease of tensile strength in weft direction of

dyed irradiated cotton yarns approximately 15, 45%,

respectively. Very low laser fluency (3.1 mJ cm-2)

showed only small decline of strength of original

(non-dyed) cotton yarn in weft direction (Fig. 11a, b).

Fig. 6 Image of dyed non-irradiated cotton fabric (C. I. Vat Green 1, C. I. Vat Yellow 2 and C. I. Vat Red 13, 0.2, 0.5, 1, 1.5 and 3%)

Table 4 K/S for dyed non-

irradiated samples of cotton

fabric at wavelength with

maximal absorption

Dye percentage (%) K/S

C. I. Vat Green 1

630 nm

C. I. Vat Yellow 2

420 nm

C. I. Vat Red 13

490 nm

0.2 1.969944 1.555722 1.116269

0.5 4.374604 3.355922 2.644707

1 10.11499 6.046166 5.581525

1.5 17.77945 8.859605 10.72913

3 21.95605 14.5516 17.13907

Fig. 7 Image of dyed (1%) cotton fabric original (non-

irradiated) and irradiated with the highest laser fluency

(15.6 mJ/cm2) C. I. Vat Green 1, C. I. Vat Yellow 2 and

C. I. Vat Red 13
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Fig. 8 Image of standard (non-irradiated dyed cotton fabric) and irradiated dyed cotton fabric (left C. I. Vat Green 1, 1.5%, right
C. I. Vat Red 13, 1%)

Fig. 9 Left dependence of

colour intensity of dye ID

on laser fluency, right
dependence of colour

intensity of fiber IF on laser

fluency

Fig. 10 Colour intensities of cotton fabric a original (non-dyed), various depths of dyeings of b C. I. Vat Green 1, c C. I. Vat Yellow

2, d C. I. Vat Red 13 after laser irradiation
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Fig. 11 Tensile strength of selected dyeings in a weft direction (0.2%), b weft direction for C.I. Vat Red 13, c warp direction for C.I.

Vat Green 1, d warp direction for C.I. Vat Yellow 2

Fig. 12 SEM images of a original (non-dyed) cotton fabric before laser irradiation, after laser irradiation at laser fluency b 3.1 mJ/

cm2, c 7.8 mJ/cm2 and d 15.6 mJ/cm2

Fig. 13 SEM images of cotton fabric a dyed (0.2%) C.I. Vat Green 1 before laser irradiation, after laser irradiation at laser fluency

b 3.1 mJ/cm2, c 7.8 mJ/cm2 and d 15.6 mJ/cm2
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There is significant decrease of strength in weft

direction of original (non-dyed) irradiated thread in

comparison with dyed irradiated threads in case of

laser fluency 7.8 mJ cm-2 and higher laser fluency

(Fig. 11a, b). Strength in weft direction of original

(non-dyed) irradiated cotton yarn dropped down

by approximately 35% at medium laser fluency

(7.8 mJ cm-2) and approximately 70% at high laser

fluency (15.6 mJ cm-2). Almost the same behaviour

of non-dyed and dyed irradiated samples is possible

to see in the case of various depths of dyeings at

C. I. Vat Red 13 (Fig. 11b). The decrease of strength

in warp direction of dyed irradiated cotton yarns at

C. I. Vat Green 1 is about 31 and 69% for laser flu-

ency 7.8 and 15.6 mJ cm-2, respectively (Fig. 11c).

Strength in warp direction of original (non-dyed)

cotton yarn dropped approximately about 56 and 100%

at laser fluency 7.8 and 15.6 mJ cm-2 (Fig. 11c, d). At

irradiated cotton yarns with C. I. Vat Yellow 2, strength

in warp direction decreased approximately about 31

and 71% at laser fluency 7.8 and 15.6 mJ cm-2

(Fig. 11d). It was also observed the significant drop

in strength in warp direction at original (non-dyed)

cotton yarn in comparison with dyed cotton yarns. It

results that dyestuff protects dyed cotton yarns from

infrared laser light.

SEM analysis

Thermal effects of infrared laser were observed on

SEM images in Figs. 12, 13, 14 and 15. A view of

original (non-dyed) cotton fabric is shown in

Fig. 12a, and the results of laser irradiated samples

are shown in Fig. 12b–d at various laser fluency. It

can be seen that damage of cotton fibers is increased

with increase of laser fluency. Exposure of cotton

fabric to infrared laser radiation causes carbonization

of samples.

Fig. 14 SEM images of cotton fabric a dyed (0.2%) C.I. Vat Yellow 2 before laser irradiation, after laser irradiation at laser fluency

b 3.1 mJ/cm2, c 7.8 mJ/cm2 and d 15.6 mJ/cm2

Fig. 15 SEM images of cotton fabric a dyed (0.2%) C.I. Vat Red 13 before laser irradiation, after laser irradiation at laser fluency

b 3.1 mJ/cm2, c 7.8 mJ/cm2 and d 15.6 mJ/cm2

Table 5 Decomposition temperature of vat dyestuffs by DSC

Vat dye Decomposition temperature

of vat dye (�C)

C.I. Vat Green 1 390

C.I. Vat Yellow 2 435

C.I. Vat Red 13 420
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SEM micrographs of dyed cotton fabric before and

after laser irradiation are shown in Figs. 13, 14 and

15. Exposure of cotton fabric to increasing laser

fluency causes fiber damage, and it leads to the

carbonization of fiber samples due to thermal effects.

DSC analysis

All dyestuffs were separately observed by DSC

analysis to simulate the heating of cotton fabric

during laser irradiation. Results are summarized in

Table 5. It can be seen that water contained in fibre is

evaporated. It was verified that cotton is decomposed

at around 330 �C by DSC method (Fig. 16a).

Decomposition of C. I. Vat Green 1 is observed at

a temperature of 390 �C (Fig. 16b), which is the

lowest decomposition point. C. I. Vat Yellow 2 has

the highest decomposition point (Fig. 16c), and due

to this fact is the most stable in comparison with

others. The results of DSC method are in the

correspondence between DSC and colour intensity.

Conclusions

Chemical composition changes of fiber surfaces can

be observed by XPS analysis. Relative ratio of groups

of ketone/carbon is increased at lower laser fluency of

dyed cotton fabric in comparison with original non-

irradiated sample of cotton fabric due to oxidation of

fiber surfaces with atmospheric oxygen at lower and

medium laser fluency. Ketone groups were not

recorded at the highest laser fluency, but the increase

of carbon bonds, which is caused by carbonization of

fiber surfaces at higher laser fluency, was found. It

was found that used vat dyes have ability to protect

dyed cotton fabric from infrared laser light. It appears

from experiments that the decrease of tensile strength

of dyed cotton yarns in weft or warp direction is

lower in comparison with original cotton fabric after

irradiation with increasing laser fluency (more than

7.8 mJ cm-2). In all cases was observed that the drop

in strength in warp and weft direction of all depths of

shade is similar for all used vat dyes. SEM images

Fig. 16 DSC curve a of original cotton fabric, b of vat dye—C.I. Vat Green 1, c of vat dye—of C.I. Vat Yellow 2, d of vat dye—C.I.

Vat Red 13
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show craters arisen from thermal damage of fiber

surfaces. Medium laser fluency of infrared laser light

causes the decolourization of dyed cotton fabrics at a

relatively low level of damage of fibers. It was

observed that the dyestuff protects dyed cotton fabric

from infrared laser light. Colour intensity of dye has

the highest negative value in case of C. I. Vat Yellow

2, which means that the most stable vat dye is

C. I. Vat Yellow 2 according to colour measurement.

This was also confirmed with DSC analysis. The

lowest negative value of colour intensity of dye has

C. I. Vat Green 1, and it is the lowest stable dye. It

also corresponds with DSC analysis. The highest

decomposition point has C. I. Vat Yellow 2 according

DSC analysis. Results of DSC are not in direct

connection with the behavior of dyed fabrics during

laser irradiation; it happens during very fast heating

of textile fabric at temperatures around 1,000 �C that

are localized to the thin layer on the fabric surface.

The heating and cooling takes place at an extreme

rate-around 10,000 �C/min. Processes with high

activation energy can occur at these conditions.

Anaerobic processes are preferred due to deficiency

of oxygen in surroundings of the fiber. DSC device

can heat the samples at a rate of 15 �C/min, and the

results are therefore different because this process is

very slow.
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Özguney AT, Özcelik G, Özkaya K (2009) A study on speci-

fying the effect of laser fading process on the colour and

mechanical properties of the denim fabrics. Tekstil ve

Konfeksiyon 19(2):133–138

Yip J, Chan K, Sin KM, Lau KS (2004) Comprehensive study

of polymer fiber surface modifications Part 1: high-fluence

UV-excimer-laser-induced structures. Polym Int 153:

627–633

478 Cellulose (2011) 18:469–478

123


	Decolourization of vat dyes on cotton fabric with infrared laser light
	Abstract
	Introduction
	Experimental
	Materials
	Laser irradiation
	X-ray photoelectron spectroscopy
	Colour measurement and mechanical properties
	Scanning electron microscopy
	Differential scanning calorimetry

	Results and discussion
	XPS analysis
	Colour measurement and mechanical properties
	SEM analysis
	DSC analysis

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


