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ABSTRACT

The applicability of madder by using printing technique over various natural fibers was investigated in the study. The effect of
different factors, i.e. dye and urea concentration, type of fixation, fixation temperature and time, effect of mordant type and mordanting
methods were studied. Printed fabrics were evaluated by means of color values and fastness properties. The K/S increases rapidly as the
concentration of the natural dye powder in the printing paste increases from 15 to 45 g/kg printing paste. The effect of mordant on color
was also studied. The results show that the highest K/S value was obtained by using mordant. Application of madder with the printing
technique is expected to bring a different and an ecological alternative to new designs.
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OZET

Bu caligmada, ¢esitli dogal lifler iizerine kokboyanin baski teknigi ile uygulanabilirligi incelenmistir. Boyarmadde ve iire
konsantrasyonu, fiksaj tipi, sicaklig1 ve siiresi, mordan tipi ve yontemleri gibi farkli faktorlerin etkisi arastirilmistir. Basilmis kumaslar
renk verimi ve haslik ozellikleri agisindan degerlendirilmistir. Bask: patindaki dogal boya konsantrasyonunun 15'den 45 g/kg'a ¢ikmasi
ile K/S degeri hizli bir sekilde artmustir. Renk iizerine mordan etkisi de incelenmistir. Sonuglar, en yiiksek K/S degerinin mordan
kullanilarak elde edildigini gostermistir. Kokboyanin baski teknigi ile uygulamasmin yeni tasarimlara farkli ve ekolojik bir alternatif
sunmasi beklenmektedir.
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1. INTRODUCTION

The nature gave inspiration to people as old as their
presence in the world. Man used to color materials by
imitating the nature. Dyestuffs based on vegetable, animal
or mineral sources in ancient times. Natural dyestuffs have
been used widely in order to color textile materials with
plants, animals or minerals.

In general, natural dyestuffs can be obtained from almost
every kind of plant. It is also possible to get dyestuffs from
every part of the plants for example from the flowers, fruits,
branches, roots etc. As the result of the extraction of these
parts, various colors such as red, yellow, orange, green etc.
can be obtained.

After the invention and development of synthetic dyestuffs,
the usage of natural dyestuffs decreased gradually.
Synthetic dyestuffs are usually produced from petroleum

products with simple technologies. Dyers cannot give up
using these dyes because of the bright colors, repeatability
and good fastness properties. But a trend of using natural
dyestuffs is increasing because of their eco-friendly
character and negative impacts of synthetic dyestuffs in
manner of toxicity and waste water problem of the
dyehouses. (1)

In dyeing with natural dyestuffs, madder has an important
place with its specific red color. lts agriculture began before
8th century in the East and spread out in Europe in 10th
century. It is grown wildly in almost every region of Turkey.

).

Common madder (Rubia tinctorum L.) which produces
anthraquinone pigments in its roots, one of them being
alizarin (1,2 dihydroxy anthraquinone) and it has been used
for dyeing textiles since 2000 B.C. The main components
are di- and thrihydroxyanthraquinones, alizarin, and purpurin
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and their derivatives, ruberythric acid (alizarin—
primeveroside), psedopurpurin, and lucidin — primeveroside
(3). The red color obtained by madder in the past was
named as “Turkish Red” because most of the madder
production (approx. two-thirds) was made by Ottoman
Empire (4).

Many studies have been carried out on dyeing of natural
dyes but there are limited works on natural dye printing
technology (5-11).

In this study, madder was chosen as a natural dyestuff. It
was applied on cotton, wool and silk fabrics by reactive
printing method. The effects of different factors, i.e. dyestuff
and urea concentration, type of fixation, fixation temperature
and time, effect of mordant were investigated.

2. MATERIALS AND METHODS
2.1. Materials

In this study, mill desized, scoured and bleached 100 %
cotton fabric (135g/m2), mill scoured 100 % pure wool fabric
(200 g/m?) and mill scoured 100 % natural silk fabric (60
g/mz) were used.

Potassium aluminum sulphate (KAI[SO4]2), copper sulphate,
ferricsulphate and tin chloride were used as mordants.
Sodium hydroxide, sodium bicarbonate, m-nitrobenzene
sulphonic acid (a weak oxidizing agent from BASF, named
Ludigol) and urea were used as chemicals.

High viscosity and low viscosity sodium alginate were used
as the thickening agent under the commercial names of
Lamalgin G-10 and Alginat STA, respectively.

Madder was chosen as a natural dyestuff in this study
because it is grown wildly in almost every region of Turkey.
Madder the root of Rubia tinctorum L., is one of the oldest
natural dyes, which can generate colors ranging from
orange, red to violet. These pigments produce useful
colours which have distinctive heat and light resistant
properties (12).

It was washed thoroughly with water and dried at room
temperature. Powder form of dried madder was obtained by

crushing process and wused in order to prepare
homogeneous printing paste.

2.2. Methods

2.2.1. Mordanting

Two methods of mordanting namely, simultaneous

mordanting and pre mordanting were tried to be selected as
the best mordanting method. According to the pre
mordanting method, fabrics were treated in solutions
containing mordants as 10% and fabric to liquor ratio was
chosen as 1:50. The treated fabrics were then washed to
remove excess chemicals on the surface and dried. In
simultaneous mordanting method, mordants were added
into the printing paste together with the other chemicals.

2.2.2. Preparation of the printing paste

Printing pastes with using powdered madder were prepared
as follows:

Table 1. The recipe of printing paste

Amount (g)
Natural dyestuff powder 15, 30, 45
Thickening agent 25
Sodium bicarbonate 25
Soda 5
Ludigol (Oxidation agent) 15
Urea 50, 100, 150, 200
Water X
Total weight of the paste 1000

2.2.3. Printing

Printing pastes were applied to fabrics using the by flat-
screen printing technique. Laboratory type of printing was
made by Johannes Zimmer MDK printing desk. Printed
samples were dried at 100°C for 3 minutes by Rapid
Laboratory Type Dryer. Fixation was performed by
thermofixation and by steaming at Mathis (Switzerland)
steamer for different durations and temperatures.

Printed samples were steamed at 102°C for 15 minutes to
fix the dyes immediately after printing. Printed and steamed
samples were rinsed in warm, hot, warm and cold water,
respectively for 10 minutes and finally all samples were
dried at room temperature.

2.2.4 Evaluation of printed sample

The color strength values of the printed fabrics were
measured by using a HunterLab ColorQuest I
spectrophotometer (D65/10) (HunterLab, USA) over a
wavelength range of 390-700 nm.

Washing fastness of the printed samples was tested
according to 1SO 105-C02 method. Dry and wet rubbing
fastness of the samples was tested according to 1ISO 105-
X12 method. Light fastness was tested according to ISO
105-BO2 method.

3. RESULTS AND DISCUSSION

This study was carried out to investigate the suitability of
using madder powder as natural dyestuff in printing natural
fabrics using the reactive printing technique and different
printing pastes were prepared and also effects of different
factors were investigated.

Pigment and reactive printing methods were used in pre-
trials. However, the best results were obtained with reactive
printing method. In pigment printing method, the handle of
fabrics was so stiff therefore reactive printing method was
chosen in order to prevent natural handle of wool and silk
fabrics.

3.1. Effect of urea concentration

Urea is used in the printing pastes to decrease the viscosity
of the printing paste film applied to the fabric, so the
diffusion of the dye to the fibers is accelerated, urea helps
the swelling of fiber pores and the solubility of the dye is
increased. During steaming, the temperature of the fabric
may continue rising without control after it reaches to the
steaming temperature, but the urea in the printing paste
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may prevent increasing of the temperature because it
increases the formation of condensate. By this way,
optimum steaming conditions are provided by the regulation
of the moisture content. To investigate the effect of urea
concentration on the K/S values of printing goods, different
printing pastes were prepared using different amounts of
the urea, 50, 100, 150, 200 g/kg pastes. The printed fabrics
were cured by steaming at 102-C for 10 minutes.

The results obtained are shown in Figure 1.
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Figure 1. Effect of urea concentration

The K/S values increased rapidly as the concentration of the
urea increased from 50 to 200 g/kg in the printing paste.
According to color strength values, 150 g/kg was selected
as optimum concentration.

3.2. Effect of dyestuff concentration

To investigate the effect of dyestuff concentration on the K/S
values of printing goods, different printing pastes were
prepared using different amounts of the specified natural

dyestuff, 15, 30, 45 g/kg pastes. The printed fabrics were
cured by steaming at 102°C for 10 minutes.

The results obtained are shown in Figure 2.
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Figure 2. Effect of natural dyestuff concentration

The K/S values increased rapidly as the concentration of the
natural dyestuff powder in the printing paste increased from
15 to 45 g/kg printing paste. It seemed that the K/S values
would increase as the amount of madder increased, but
because of the difficulties of washing dark colors, 45 g/kg
was determined as the optimum dyestuff concentration and
the higher concentrations were not tried anymore.

3.3. Effect of fixation parameters

Fabrics were printed in optimum urea and dyestuff
concentration and then were steamed at 102 °C for 10 and
30 minutes, at 130 °C for 5 and 10 minutes and also
thermofixation was performed at 150 °C for 5 minutes to find
out the optimum fixation conditions.
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Steaming (102°C,30 min.)
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Thermofixation (150°C,5 min.)
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Steaming (130°C,5 min.)
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Thermofixation (150°C,5 min.)

WOOL

Figure 3. Effect of curing type, temperature and time
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Figure 3 shows that both 102 and 130°C temperatures of
steaming have similar K/S values. Longer exposures of the
fabrics to high degree of steaming also brought the risk of
the fabrics’ yellowing. Thus, in this study the duration of
steaming to give satisfactory results was chosen as 10
minutes at the temperature of 102-C for all fabrics.
Moreover, results show that the printed goods, which were
fixed by steaming, have relatively higher color strength than
their corresponding samples fixed by thermofixation. The
condensed water vapor in steaming method may accelerate
the penetration of the dyestuff molecules into the fabrics and
hence increases the K/S values of the printed fabrics fixed
by steaming than those fixed by using conventional hot air in
the thermofixation process (13) .

3.4. Effect of mordant

Mordants are often used with natural dyestuffs to fix the
dyestuff, keep natural ones from fading and improve their
fastness properties. The dyestuff binds better to the fabric
by means of a mordant. By using different mordants, a
variety of colors may be obtained with natural dyestuffs. In
this study, potassium aluminum sulphate (KAI[SO4],),
copper sulphate, ferric sulphate and tin chloride were used
as mordants in the printing paste of madder. Two methods
of mordanting namely, simultaneous mordanting and pre
mordanting were studied. The prepared pastes were then
used in printing wool, silk and cotton fabrics. It was
observed that the mordants have remarkable effects on the

obtained colors where different ranges could be obtained by
using different mordants.

Figure 4 shows the effect of mordan type and method on the
K/S of cotton, wool and silk fabrics. Cellulosic fibers have
weak affinities to the natural dyestuffs compared with the
protein fibers. But using mordant can increase its affinity
and hence increase the K/S values. Wool fibers have good
affinities to the natural dyestuffs; chemical structure of wool
enables the fiber to bind chemically with a wide variety of
dyestuffs .Wool being a protein fiber, has a high affinity to
the natural dyestuffs. Although silk is categorized as a
protein fiber, it differs from wool in its weight, absorbance,
resilience and reactivity properties (14). The best results
were obtained by premordanting method with copper and
ferro mordants for wool and silk fabrics.

3.5. Fastness Properties

Washing, rubbing and light fastness of the printed fabrics
were tested, the results of simultaneous mordanting and pre
mordanting with potassium aluminum sulphate, copper
sulphate, ferric sulphate and tin chloride printed fabrics.

As shown in Table 2, staining values in washing fastness
results were found as “5” in all fixing conditions. Color change
values were “3-4” for in cotton printing for the fixing types of 5
minutes thermofixation at 150°C, 5 minutes steaming at
130°C and 10 minutes steaming at 102°C. For the other fixing
and fabric types, color change values were “4”.

K/S

Without mordant
Premordanted with copper sulphate

Simultaneous mordanted with copper sulphate

Premordanted with tin (ll) chloride

Simultaneous mordanted with tin (Il) chloride

Premordanted with iron sulphate
Simultaneous mordanted with iron sulphate
Premordanted with aluminum sulphate

Simultaneous mordanted with aluminum sulphate

SM-Sn
PM-Fe
SM-Se
PM-AI
SM-Al

Figure 4. Effect of mordant type and method

TEKSTIL ve KONFEKSIYON 25(2), 2015

169



Table 2. Fastness values of printed samples without mordants and having different fixing conditions

Fabric type Fixation Type Washing fastness Rubbing Fastness Light Fastness
Staining Color Change Dry Wet
Steaming (130° C, 5 min.) 5 3-4 4-5 4 2
Steaming (130° C, 10 min.) 5 4 4-5 4 2
Cotton Steaming (102° C, 10 min.) 5 34 4-5 3-4 2
Steaming (102° C, 30 min.) 5 4 4-5 3-4 2
Thermofixation (150°C,5 min.) 5 3-4 4-5 3-4 2
Steaming (130° C, 5 min.) 5 4 5 4 2-3
Steaming (130° C, 10 min.) 5 4 5 4 2-3
Wool Steaming (102° C, 10 min.) 5 4 5 4 2
Steaming (102° C, 30 min.) 5 4 4-5 4 2
Thermofixation (150° C, 5 min.) 5 4 5 4 2-3
Steaming (130° C, 5 min.) 5 4 4-5 4-5 2
Steaming (130° C, 10 min.) 5 4 5 4-5 2-3
Silk Steaming (102° C, 10 min.) 5 4 5 4-5 2-3
Steaming (102° C, 30 min.) 5 4 5 4-5 2
Thermofixation (150° C, 5 min.) 5 4 5 4-5 2

The light fastness values were “2” or “2-3” for all fixing and
fabric types, an important difference between them couldn’t
be noticed. When all the results and energy saving matters
were taken into account, steaming for 10 minutes at 102°C
was chosen as the optimum fixing process.

Dry rubbing fastness values were “4-5” or “5” for all fixing
and fabric types, it can be concluded that fixing type does
not have any effects over dry rubbing fastness value. When
wet rubbing fastness of printed cotton fabrics was
evaluated, it was “4” for 5 and 10 minutes of steaming at

130°C, “3-4” for 5 minutes of thermofixation at 150°C, 10
and 30 minutes steaming at 102°C. Wet rubbing fastness
value for the wool fabrics was “4”, it was “4-5" for silk
fabrics. The type of fixing didn’'t have any effects over wool
and silk fabrics.

Although light fastness values were low for all fixing and
fabric types, the lowest values were obtained for the printed
cotton fabrics. Printed wool fabrics were a little bit better in
this manner, compared to cotton.

Table 3. The fastness values for the fabrics printed with different mordants and mordanting methods.

Washing fastness Rubbing Light
Fabric Fixation Type Fastness Fastness
type Staining Color Change | Dry Wet
Premordanted with aluminum sulphate 5 2 4-5 4 2
Simultaneous mordanted with aluminum sulphate 5 2 4-5 4-5 2
Cotton Premordanted with coppersulphate 5 3 4-5 4 6
Simultaneous mordanted with copper sulphate 5 2-3 5 4-5 3
Premordanted with ferrosulphate 5 2-3 34 3-4 2-3
Simultaneous mordanted with ferrosulphate 5 2 4-5 3-4 2
Premordanted with tin chloride 5 1-2 4-5 4-5 1-2
Simultaneous mordanted with tin chloride 5 2 4-5 4-5 2
Without mordant 5 3-4 4-5 3-4 1-2
Premordanted with aluminum sulphate 5 3 4-5 4 3-4
Simultaneous mordanted with aluminum sulphate 5 3 5 4-5 2-3
Premordanted with copper sulphate 5 3-4 4 4 6
Wool Simultaneous mordanted with copper sulphate 5 3-4 5 4-5 3
Premordanted with ferrosulphate 5 2 3 4 3-4
Simultaneous mordanted with ferrosulphate 5 3-4 4-5 4-5 2
Premordanted with tin chloride 5 2 4-5 4 2
Simultaneous mordanted with tin chloride 5 3-4 5 4-5 2
Without mordant 5 4 5 4 2
Premordanted with aluminum sulphate 5 3-4 5 4-5 5
Simultaneous mordanted with aluminum sulphate 5 3-4 5 5 3
) Premordanted with copper sulphate 5 34 4-5 4-5 5-6
Silk Simultaneous mordanted with copper sulphate 5 2 5 5 4
Premordanted with ferrosulphate 5 3 34 4 4
Simultaneous mordanted with ferrosulphate 5 3 5 5 2-3
Premordanted with tin chloride 5 3-4 4-5 4-5 3-4
Simultaneous mordanted with tin chloride 5 3 4-5 4-5 3-4
Without mordant 5 4 5 4-5 3
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When Table 3 was evaluated by means of mordant types,
mordanting methods, and fiber types, washing fastness
values, it was determined that staining value was “5” in all
fabric types, mordants and mordanting methods. Using
mordants caused some decreases in values of color change
esp. for the printed cotton fabrics.

Dry rubbing fastness values were higher than wet rubbing
fastness values and the lowest ones were obtained by
premordanting with ferrosulphate. When mordanting
methods were compared to each other, better fastness
values were obtained by simultaneous mordanting than pre
mordanting printing and printing without mordant.

Light fastness values of the printings without any mordants
are generally lower than the others and the positive effect of
the copper sulphate in pre mordanting method is obvious.
The light fastness values increased a little when copper
sulphate was used in simultaneous mordanting and
ferrosulphate was used in pre mordanting methods. As a
result it can be said that the light fastness values increased
when pre mordanting method was applied and copper
sulphate was chosen as a mordant.

Different colors and fastness values can be obtained by
choosing different mordants in printing with madder.

4. CONCLUSION

In this study, madder as a natural dye was used in printing
cotton as a cellulosic fiber, wool and silk as protein fibers by
using reactive printing method. The parameters of printing
were tried and optimum ones were chosen. For this aim,
dye and urea concentration, type of fixation, fixation
temperature and time, effect of mordant type and
mordanting methods were studied.

The K/S increases rapidly as the concentration of the
natural dye powder in the printing paste increases from 15
to 45 g/kg and the concentration of the urea increased from

REFERENCES

50 to 200 g/kg in printing paste. According to color strength
values, 45 g/kg dye and 150 g/kg urea was selected as
optimum concentration respectively. The duration of
steaming chosen to give satisfactory results was 10 min at
temperature of 102°C for all fabrics. Moreover, results show
that the printed goods, which were fixed by steaming, had
relatively higher color strength than their corresponding
samples fixed by steaming. Different color yield and
nuances were obtained according to mordant type. The best
results were obtained by premordanting method with copper
and ferro mordants for wool and silk fabrics. For cotton
fabrics, premordanting method with ferric sulphate gave the
best K/S values.

When fastness values was take into account, it was
determined that staining value was “5” in all fabric types,
mordants and mordanting methods. Using mordants caused
some decreases in values of color change especially for the
printed cotton fabrics. Madder root dyed fabrics showed the
most dramatic change in color. The change in color resulting
from an alkaline wash could be a result of the loss of
colorant due to conversion of the colorant to soluble salts of
the dyes and other soluble products (15).

Dry rubbing fastness values were higher than wet rubbing
fastness values and the lowest ones were obtained by
premordanting with ferrosulphate. In general, mordanting
has a positive effect on light fastness values. Light fastness
values increased especially pre mordanting method and
copper sulphate was used as a mordant.

In the scope of this study, application of madder with the
reactive printing technique is expected to bring a different
and an ecological alternative to new designs. By using
different mordants, different color shades and fastness
values are possible. Application of madder with the printing
technique is expected to bring a different and an ecological
alternative to new designs. The ecological and toxicological
problems caused by synthetic dyestuffs can be solved to
some extent.

1. Shahid M., Shahid-ul-Islam & Mohammad F., 2013, "Recent advancements in natural dye applications: a review", Journal of Cleaner Production, 53, 310-331
2. EnezN., 1987, "Dogal Boyamacilik", Istanbul, Marmara Univ. Giizel San. Fak. Yay. No:1,13-20
Farizadeh K., Montazer M., Esmaiel Y., Rashidi A.,2009, "Extraction, Identification and Sorption Studies of Dyesfrom Madder on Wool", Journal of Applied

Polymer Science, 113, 3799-3808

4. Demir M., Celik S., Noyan O.F.,2010, "Tiirkiye'de Yetisen Bazi Onemli Boya Bitkilerinin Uretim Teknikleri ve Elde Edilen Renklerin Haslik Dereceleri” , /.

Ulusal Karadeniz Ormancilik Kongresi, 1187-1196

5. Klaichoi C., Mongkholrattanasit R., Sarikanon C., 2012, "Eco-Friendly Printing Of Cotton Fabric Using Natural Dye From Acacia Catechu Weld", RMUTP

International Conference: Textiles & Fashion , Bangkok, Thailand

6. Nakpathom M., Somboon B., Narumol N, 2011, "Pigment Printing of Natural Dye from Red Mangrove Bark on Silk Fabrics", Materials Science Forum, 695,

279-282

Liu N., Dai X.,Wang X.,2012, "The Process of Silk Fabric Printed with Mulberry Red", Advanced Materials Research, 441, 78-82
Agarwal R., Pruthi N., Singh, S. J. S., 2007, "Effect of mordants on printing with Marigold flowers dye", Natural Product Radiance, 6(4), 306-309
9. Abd —El Thalouth J.I., 2011, "Synthesis and Application of Eco-Friendly Natural-Printing Paste for Textile Coloration", Journal of American Science,7(9),

632-640

10. Boonroeng S., Boonkerdrum P, Chadee M, 2009, "The Qualities Improvement Of Cotton Printing With Natural Dye From The Neem Tree Bark",
International Conference on the Role of Universities in Hands-On Education Rajamangala University of Technology Lanna, Chiang-Mai, Thailand,1-7

11. Choomchit J., Suesat J., Sae-be P.,2013, "Chitosan as a Thickener for Direct Printing of Natural Dye on Cotton Fabric", Advanced Materials Research,

610, 3394-3397

12. Angelini L.G., 1997, "Rubia tinctorum a source of natural dyes: agronomic evaluation,quantitative analysis of alizarin and industrial assays", Industrial

Crops and Products ,6, 303-311,

13. Rekaby. M., Salem, A.A., Nassar,S.H., 2009, "Eco-friendly printing of natural fabrics using natural dyes from alkanet and rhubarb”, The Journal of The

Textile Institute, 100 (6) 486—495

14. Thalouth J.I. Abd —EIl, 2011, "Synthesis and Application of Eco-Friendly Natural-Printing Paste for Textile Coloration", Journal of American Science, 7(9),

632-640

15. Sarkar A.K., Corinne M. Seal, 2003, "Color Strength and Colorfastness of Flax Fabrics Dyed with Natural Colorants", Clothing and Textiles Research

Journal, 21, 162-166

TEKSTIL ve KONFEKSIYON 25(2), 2015

171




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


