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ABSTRACT

Along with the environmental awareness, biodegradable composites, produced from biodegradable polymers and fibres, have
gained more attention. Polylactic acid (PLA) offers a possible alternative to the traditional non-biodegradable polymers since their
recycling is difficult or not economical. As being a natural fibre, cotton is very attractive in reinforcement of green composites. In this
study biodegradable composites were obtained from PLA and knitted preforms manufactured from raw cotton and reclaimed cotton, by
using compression molding method. Impact properties of composites comprised of different preform structures were tested. The
promising impact property of reclaimed cotton/PLA composite shows the potential of reclaimed fibres in the usage of biodegradable
composites. Also the results of the low velocity impact tests showed that variation in yarn twist and loop length has an influence on
cotton/PLA composite characteristics.

Keywords: Cotton fibers, reclaimed cotton, PLA resin, knitted performs, green composites, biodegradable composites.

OZET

Cevresel farkindalik ile birlikte, biyobozunabilir polimerler ve liflerden iiretilen biyobozunabilir kompozitler daha fazla dikkat
¢ekmistir. Polilaktik asit (PLA), geri doniigiimleri zor veya ekonomik olmadigindan dolay: biyolojik olarak bozunamayan geleneksel
polimerlere bir alternatif sunmaktadir. Dogal bir lif olarak, pamuk, yesil kompozitlerin takviyesi i¢in olduk¢a g¢ekicidir. Bu ¢aligmada,
PLA ile ham pamuk iplik ve geri kazanilmis pamuk iplikten iiretilen 6rme preformlardan, basingli kaliplama metodu ilei biyobozunabilir
kompozitler elde edilmistir. Farkli preform yapilarindan olusan kompozitlerin darbe 6zellikleri test edilmistir. PLA/geri kazanilmig
pamuk kompozitin gelecek vaadeden darbe ozelligi, geri kazanilmis liflerin biyobozunabilir kompozitlerde kullanim potansiyelini
gostermektedir. Ayrica diisiik hizli darbe deneyinin sonuglart iplik mukavemeti ve ilmek boyutundaki degisimlerin PLA/pamuk
kompozitin 6zelliklerinde etkili oldugunu gostermistir.

Anahtar Kelimeler: Pamuk lifleri, geri kazanilmis pamuk, PLA re¢ine, 6rme preformalar, yesil kompozitler, biyobozunabilir
kompozitler.
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1. INTRODUCTION

Composites made of natural fibres and biopolymers are
completely biodegradable and are called ‘“green
composites” because of their environmentally beneficial
properties [1]. With increasing environmental awareness
and ecological risk, green composites have gained more

and more research attention, as they have the potential to
be attractive than the traditional petroleum-based
composites which are toxic and nonbiodegradable [2].

Many polymers that are claimed to be biodegradable are in
fact  bioerodable, hydrobiodegradable  or  photo-
biodegradable. These different polymer classes all come
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under the broader category of environmentally degradable
polymers. The biodegradability of plastics is dependent on
the chemical structure of the material and on the constitution
of the final product, not just on the raw materials used for its
production [3]. Therefore, biodegradable plastics can be
based on natural or synthetic resins. Natural biodegradable
plastics are based primarily on renewable resources and
can be either naturally produced or synthesized from
renewable resources [3]. PLA, as being one of these
biodegradable polymers, can either be synthesized by
condensation of lactic acid or ring opening polymerisation of
lactide which is the diester of lactic acid. Lactic acid is
produced by fermentation of dextrose which itself is gained
from annually renewable resources like corn [1]. PLA has
good mechanical properties. The temperature at which PLA
can be melt processed with available standard processing
equipment is safe for natural fibers because natural fibers
do not degrade at the processing temperature [2].

After decades of high-tech development of artificial fibres
such as carbon, aramid and glass, it is remarkable that
natural fibres have attracted renewed interest [4]. The
advantageous characteristics of these fibres are their
lightweight, high specific modulus, non-toxic and easy for
processing, absorbing CO; during their growth and their
relatively cheaper price [5]. Another important aspect of
natural fibers is the general availability of these materials
around the world [6]. There are varieties of natural fibres
(cotton, flax, kenaf, sisal, etc.) which can be used as
reinforcements in green composites. This study however
focused on cotton fibre since it is the most common used
and accessible natural fibre in worldwide. This feature also
makes cotton goods to be one of the most reclaimed and
recycled textiles. According to Mussig, the use of natural
fibres like cotton in technical applications has a great
potential and combining natural fibres like cotton with a
biodegradable polymer is an innovative concept with the
goal to produce a composite which can be composted after
use [7].

While many detailed review papers about the potential of
biodegradable composites and natural fibres [2-5, 8-15]
have been published, very few investigations were made on
the utilization of cotton fibres and reclaimed cotton fibres in
green composites. Graupner, investigated the usability of

lignin as a promoter in thermoplastic cotton fibre reinforced
PLA composites [16]. The results showed that that the
addition of lignin had an influence on the cotton/PLA
composite characteristics. Kamath et al.,, focused on
producing compostable cotton fibre based composites that
can be safely disposed off after their intended use [17]. For
this aim they combined cotton and other cellulosic fibres
with a biodegradable binder fibre in order to produce a
nonwoven fabric that can be used in automotive composite
panels.

Based on these considerations, the present study focuses
on manufacturing biodegradable green composites from
cotton preforms and PLA. The knitted preforms were
produced from raw cotton and reclaimed cotton yarns. In
order to obtain good interface properties and bonding with
PLA, alkali treatment was made to cotton preforms. The
composites were manufactured by compression molding
method and low velocity impact properties of composites
were investigated.

2. PREFORM FABRICATION AND COMPOSITE
PRODUCTION

2.1 Preform Fabrication

Yarns used in the production of knitted preforms were
obtained from raw cotton and reclaimed cotton (Table 1).
Both yarns have a yarn count of Ne 30/1 and their twist rate
was altered as low and high.

Single jersey knitted preforms were produced on 32 inch
diameter 28E circular knitting machine by using yarns
mentioned above. Four types of loop length were chosen in
the production of preforms, by this way totally nine types of
preforms were obtained.

PLA resin which belongs to the family of aliphatic polyesters
was supplied from NatureWorks. The resin was in the pellet
form. PLA is a thermoplastic, high strength, high modulus
polymer and can be degraded by simple hydrolysis of the
ester bond and does not require the presence of enzymes to
catalyze the hydrolysis [8]. Thereby, it is a good choice in
the production of biodegradable composites reinforced with
cotton preforms.

Table 1. Preforms used in the study

Fibre type Twist rate of yarn Loop length of knitted preform Codes of the preforms and
(cm) composites
Cotton Low twisted 0,26 C1
Cotton Low twisted 0,29 C2
Cotton Low twisted 0,32 C3
Cotton Low twisted 0,36 Cc7
Cotton High twisted 0,26 C4
Cotton High twisted 0,29 C5
Cotton High twisted 0,32 C6
Cotton High twisted 0,36 C8
Reclaimed cotton Low twisted 0,26 (04°]
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2.2 Alkali Treatment

The main disadvantages of natural fibers in composites are
the poor compatibility between fiber and matrix, which
causes poor interface properties [18]. Actually, for fibre
reinforced systems, the interface plays a major role in the
stress transfer from the matrix to the fiber and thus behaves
as reinforcement [18]. The surface adhesion between the
fibore and the polymer may be improved by several
modification methods like alkali treatment, surface
fibrillation, plasma technique, silane treatment and etc. The
basic objective, however, remains the same; removal of
surface contamination and to provide an intimate contact
between the surfaces. The simplest way is to roughen the
surface so as to enhance the contact area and facilitate
mechanical interlocking [19].

The treatment of natural fibres by sodium hydroxide (NaOH)
is widely being used to modify the cellulosic molecular
structure. It changes the orientation of highly packed
crystalline cellulose order and forming an amorphous
region. It also takes out a certain portion of hemicelluloses,
lignin, pectin, wax and oil covering materials. As a result, the
fibre surface becomes clean. In other words, the fibre
surface becomes more uniform due to the elimination of
microvoids and thus the stress transfer capacity between
the ultimate cells improves. In addition to this, it reduces
fibre diameter and thereby increases the aspect ratio
(length/diameter). This increases effective fibre surface area
for good adhesion with the matrix [20]. Also, according to

Bajpai, composites with alkali treatment had got the highest
impact strength when compared to other modification
methods [2].

Based on these considerations, in this study, alkali
treatment was selected as modification method. The cotton
performs were treated with 4% NaOH solution at 95°C for 1
hour maintaining the liquid ratio of 1:20. After removing from
the device, the preforms were first washed with 1 g/l non
ionic washing agent at 95°C for 10 minutes and then with
distilled water. Then the preforms were dried in oven for 12
hours. The photographs of alkali treatment are given in
Figure 1.

2.3 Composite Production

To ensure that all absorbed moisture was removed and to
prevent void formation, the cotton preforms were dried at
80°C for 3 hours before processing.

Pellet type PLA resin was converted into films of 2mm
thickness by a compression molder using picture frame
molds at 180°C for 10 minutes. Next without decreasing the
pressure, they were left for cooling in the mold for 10
minutes. Obtained PLA films were stored at laboratory
under ambient conditions.

PLA and various cotton preforms were molded under
pressure using film stacking procedure (Figure 2). One layer
of cotton preform was placed between two layers of PLA
films. The weights of PLA sheets were kept constant in
order to obtain same weight ratio of resin.

Figure 1. Alkali treatment in ATAC Lab Dye device

Frame mold ——»

Teflon sheet —— p

- <4+—— Cotton preform

<« PLAfilm

Figure 2. Fabrication procedure of laminated composite
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During compression molding the materials kept in constant
pressure of 5 tones and 12 minutes. In the next step, the
materials were left for cooling in the mold for 12 minutes.
Afterwards the composite plates were not cut since the
specimens were manufactured in the dimensions of test
procedure.

3. EXPERIMENTAL PROCEDURE

In the experimental part, low velocity impact energy of 5 Joule
was applied on each specimen in order to obtain the impact
loads and the impact energy absorption of PLA/cotton
reinforced composites. The mass of the impact actuator was
4,926 kg and its diameter was 76 mm. Each specimen was
fixed pneumatically on the low velocity impact tester support.
In this procedure, Fractovis Plus Impact Tester was used.
The impact tester was illustrated in Figure 3.

SN7d SIAOLIOVHS

Figure 3. Experimental setup of the low velocity impact test

4. RESULTS AND DISCUSSION

Low velocity impact responses of PLA/cotton composites
were assessed by energy-time curves and impact loads.
Low-velocity impact of loading can occur when tools are
dropped onto the surface of a composite structure or from
the impact of debris, fragments, or projectiles [21].

The impact test was applied via 4.926kg mass impactor on
the PLA/cotton composites. For each impact, the position
and acceleration of the impactor were continuously
monitored. Absorbed energy is calculated as the difference
between total energy and energy at maximum load. When
composite materials are subjected to impact load, impact
energy is initially absorbed through elastic deformation till a
threshold energy value. At and beyond the threshold energy
value, impact energy is absorbed through both elastic
deformation and creation of damage through various failure
modes. Failure type depends on material and geometric
properties of impactor [22].

Energy curves as a function of time were given in Figure 4-6
for each twist rate of yarn. Energy-time curves of low twisted

cotton PLA composites showed that absorbed energy
decreased by increasing the loop length from sample C1 to
sample C7 (Figure 4). Similarly, the absorbed energy
decreased with the increasing loop length from C4 to C8 as
seen in Figure 5. These results clearly remind that knitted
preform reinforced composites exhibit better impact energy
absorption as the loop length decrease and loop density
increase. The reason for this better impact performance
could be attributed to less space for the penetration of the
impactor.

Energy (1)
w
L
;]
w

100

Time (ms)

Figure 4. Impact energies of low twisted cotton-PLA resin

composites

Furthermore, absorption of the energy changes as a
function of impact can be seen in Figure 4 and Figure 5. The
absorbed energy in the low twisted PLA resin composites
does not change after impact whereas the absorbed energy
in the high twisted PLA resin composites is decreasing.
Figure 4 shows the absorbed energy is between 2-3 J for
low twisted cotton PLA resin composites whereas this
energy is between 1-2 J for high twisted cotton PLA ones.
These results indicate that the low twisted cotton PLA resin
composites absorb higher energy than high twisted cotton
PLA resin composites. Although the amount of twist and
strength of staple yarn is directly proportional, since the low
twisted yarn take up more space than high twisted yarn, less
space remains for the penetration of the impactor which
cause an increase in energy absorption of composites.

Figure 6 shows the energy curves versus time for low
twisted reclaimed cotton-PLA resin composites. It is clear to
see that low twisted reclaimed cotton-PLA resin composites
are able to absorb the higher energy when compared to
other reinforced PLA resin composites.

SN o 0~ oY
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Figure 5. Impact energies of high twisted cotton-PLA resin

composites
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Figure 6. Impact energy of low twisted reclaimed cotton-PLA resin
composite

The applied impact loadings values for different types of
composites are shown in Figure 7. Impact loading values
decreases as the absorbed energy amount increased.

1800 +
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Impact Loads (N)

c1 c2 c3 Cc7 c4a c5 Cc6 c8 [e=]

The types of cotton fabric reinforced composites

Figure 7. Impact loads of cotton fabric reinforced composites
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date have used flax, jute and sisal fibres. However, cotton
fibore has also a great potential for supporting a green
sustainable society. Biodegradable nature of cotton is an
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disposal is becoming a major concern [17]. Moreover
reclaimed cotton provides a big opportunity since it is
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is a resource intense crop in terms of water, pesticides and
insecticides [23], beside its cost benefit using reclaimed
cotton lead to energy savings and natural sources.

The experimental work reported in this paper presented a
study about low velocity impact properties of cotton/PLA and
reclaimed cotton/PLA  composites. Totally nine
biodegradable PLA composites were made by using cotton
knitted preforms with different loop lengths and yarn twist.
The promising impact properties of reclaimed cotton/PLA
composites showed their potential as an alternative to
traditional composites. The findings from this research are
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Future work on biodegradable cotton/PLA and reclaimed
cotton/PLA composites should be focused on environmental
durability and diversity in mechanical properties in
comparison with other conventional composites.

FUNDING

This work was supported by Ege University under contract
number 2012-EAMYO-001.

1. Bax B. and Mussig J., 2008, “Impact and Tensile Properties of PLA/Cordenka and PLA/Flax Composites”, Composites Science and Technology, Vol: 68,

pp: 1601-1607.

2. Bajpai P.K, Singh I. and Madaan J., 2012, “Development and Characterization of PLA-Based Green Composites: A Review”, Journal of Thermoplastic

Composite Materials, pp: 1-30.

3. Nampoothiri K.M., Nair N.R. and John R.P., 2010, “An Overview of The Recent Developments In Polylactide (PLA) Research”, Bioresource Technology,

Vol: 101, pp: 8493-8501.

4. Mohanty AK., Misra M., and Drzal L.T., 2002, “Sustainable Bio-Composites from Renewable Resources: Opportunities and Challenges in the Green
Materials World”, Journal of Polymers and the Environment, Vol: 10, pp: 19-26.

5. John M.J. and Thomas S., 2008, “Biofibres and Biocomposites”, Carbohydrate Polymers, Vol: 71, pp: 343-364.

6. Almeida J.R.M., 2001, “Analysis of Cost and Flexural Strength Performance of Natural Fiber Polyester Composites”, Polymer Plastics Technology and

Engineering, Vol: 40(2), pp: 205-215.

7. Mdssig, J., 2008, “Cotton Fibre Reinforced Thermosets Versus Ramie Composites: A Comparative Study Using Petrochemical and Agro-Based Resins”,

Journal of Polymers and Environment, Vol: 16(2), pp: 94-102.

8. Garlotta D., 2001, “A Literature Review of Poly(Lactic Acid)’, Journal of Polymers and the Environment, Vol: 9(2), pp: 63-83.
9. Netravali A.N. and Chabba S., 2003, “Composites Get Greener”, Materials Today, Vol: 4, pp: 22-29.
10. Yan L., Chouw N. and Jayaraman K., 2014, “Flax Fibre and Its Composites — A Review”, Composites: Part B, Vol: 56, pp: 296-317.

11. Koronis G., Silva A. and Fontul M., 2013, “Green Composites: A Review of Adequate Materials for Automotive Applications”, Composites: Part B, Vol: 44,

pp: 120-127.

12. Khalil H.P.S.A., Bhat A.H. and Yusra A.F.l., 2012, “Green Composites from Sustainable Cellulose Nanofibrils: A Review”, Carbohydrate Polymers, Vol: 87,

pp: 963— 979

13. Aji I.S., Sapuan S.M., Zainudin E.S. and Abdan K., 2009, “Kenaf Fibers As Reinforcement for Polymeric Composites: A Review”, International Journal of

Mechanical and Materials Engineering, Vol: 4(3), pp: 239-248.

TEKSTIL ve KONFEKSIYON 26(3), 2016

325



20.

21.

22.

23.

Cheung H., Ho M., Lau K., Cardon F. and Hui D., 2009, “Natural fibre-reinforced composites for bioengineering and environmental engineering
applications”, Composites: Part B, Vol: 40, pp: 655-663.

Pandey J. K., Ahn S. H., Lee C.S., Mohanty A.K. and Misra M., 2010, “Recent Advances in the Application of Natural Fiber Based Composites”,
Macromolecular Materials And Engineering, Vol: 295, pp: 975-989.

Graupner N., 2008, “Application of Lignin As Natural Adhesion Promoter In Cotton Fibre-Reinforced Poly(Lactic Acid) (PLA) Composites”, Journal Of
Materials Science, Vol: 43, pp: 5222-5229.

Kamath M. G., Bhat G. S., Parikh D. V. and Mueller D., 2005, “Cotton fiber nonwovens for automotive composites”, International Nonwovens Journal, Vol:
2, pp: 34-40.

Aydin M., Tozlu H., Kemaloglu S., Aytac A. and Ozkoc G., 2011, “Effects of Alkali Treatment on the Properties of Short Flax Fiber—Poly(Lactic Acid) Eco-
Composites”, Journal of Polymers and the Environment, Vol: 19, pp: 11-17.

Mukhopadhyay S. and Fangueiro R., 2009, “Physical Modification of Natural Fibres and Thermoplastic Fiims for Composites-A Review”, Journal of
Thermoplastic Composite Materials, Vol: 22, pp:135-162.

Kabir M.M., Wang H., Lau K.T. and Cardona F., 2012, “Chemical Treatments On Plant-Based Natural Fibre Reinforced Polymer Composites: An
Overview”, Composites: Part B, Vol: 43 pp: 2883-2892.

Baucom J.N. and Zikry M.A., 2005, “Low-Velocity impact Damage Progression in Woven E-Glass Composite Systems”, Composites Part A, Vol: 36,
pp:658-664.

Hosur M.V., Abdullah M., Jeelani S., 2005, “Studies On The Low-Velocity impact Response Of Woven Hybrid Composites”, Composite Structures, Vol:67,
pp:253-262.

https://en.wikipedia.org/wiki/Cotton_recycling, (Access Date: March 2016)

326 TEKSTIL ve KONFEKSIYON 26(3), 2016




<<
  /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


