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ABSTRACT e Epoxy resins have gained attention as important adhesives because they are structurally stable,
inert to most chemicals, and highly resistant to oxidation. Different particles can be added to adhesives to improve
their properties. In this study, cellulose nanofibrils (CNFs), which have superior mechanical properties, were used
as the reinforcing agent. Cellulose nanofibrils were added to epoxy in quantities of 1 %, 2 % and 3 % by weight
to prepare nanocomposites. Morphological characterization of the composites was done with scanning electron
microscopy (SEM). Thermal properties of the nanocomposites were investigated with Thermogravimetric Analyzer
(TGA/DTG) and Differential Scanning Calorimeter (DSC). SEM images showed that the cellulose nanofibrils
were dispersed partially homogenous throughout the epoxy matrix for 1 % CNF. However, it was observed that the
cellulose nanofibrils were aggregated (especially for 2 and 3 % CNFs) in some parts of the SEM images, and the
ratios of the aggregated parts increased as the loading rate of the cellulose nanofibrils increased. The TGA curve
showed that DTG and decomposition temperature of pure epoxy was higher than that of the nanocomposites. The
DSC curve showed that the glass transition temperature (T . ) value of pure epoxy was found to be similar with Tg
of the nanocomposites.

Keywords: Epoxy nanocomposites, cellulose nanofibrils, morphological and thermal analysis

SAZETAK e Epoksi smole smatraju se vaznim ljepilima jer su strukturno stabilne, inertne na veéinu kemikalija
i vrlo otporne na oksidaciju. Ljepilima se za poboljsanje njihovih svojstava mogu dodati razlicite cestice U ovom
istrazivanju, kao sredstvo za ojacanje kompozita upotrijebljeni su celulozni nanofibrili (CNFs), koji imaju izvrsna
mehanicka svojstva. Celulozni su nanofibrili dodani epoksi smoli u kolicini od 1, 2 i 3 % mase radi izrade nano-
kompozita. Morfoloska karakterizacija kompozita napravljena je skenirajucim elektronskim mikroskopom (SEM).
Toplinska svojstva nanokompozita istrazena su termogravimetrijskim analizatorom (TGA/DTG) i diferencijalnim
skenirajuéim kalorimetrom (DSC). SEM slike pokazale su da su celulozni nanofibrili rasprseni djelomicno ho-
mogeno u matrici od epoksidne smole s 1 % CNFs-a. Medutim, uoceno je da su celulozni nanofibrili agregirani
(pogotovo za 2 i 3 % CNFs-a) u nekim dijelovima SEM slike, a udjel agregiranih dijelova povecava se s udjelom
celuloznih nanofibrila. TGA krivulja pokazala je da su DTG i temperatura raspadanja ciste epoksi smole veée od

! Author is assistant professor at Bartin University, Faculty of Forestry, Forest Industrial Engineering, Bartin, Turkey.
! Autor je docent SveudiliSta u Bartinu, Fakultet Sumarstva i industrijske prerade drva, Bartin, Turska.

DRVNA INDUSTRIJA 66 (1) 35-40 (2015) 35



Aydemir: Morphological and Thermal Properties of Cellulose Nanofibrils Reinforced... «¢evs.

temperature raspadanja nanokompozita. DSC krivulja pokazala je da je temperatura staklastog prijelaza (T ;) Ciste

epoksi smole slicna vrijednosti T L 2a nanokomporzite.

Kljucéne rijeci: epoksidni nanokompoziti, celulozni nanofibrili, morfoloska i toplinska analiza

1 INTRODUCTION
1. UVOD

Generally, epoxy adhesives have been used because
they have good physical properties and high bonding
strength. Epoxies have many applications, ranging from
electronic technologies to the development of new mate-
rials (Kozma and Olefjord, 1987). Their properties can
be tailored for the desired end use, e.g., they can be filled
or foamed, flexible or rigid, high or low modulus materi-
als, a conductor or an insulator, a fire retardant, and re-
sistant to chemicals. Epoxy systems basically contain
two main components, i.e., the resin and a hardener. The
hardener initiates the chemical reaction, which converts
the epoxy resin into a solid material that has a cross-
linked network of chains of molecules. Epoxies are said
to be ‘thermosetting’ because, when they are cured, they
are irreversibly rigid and relatively unchanged by heat.
Curing of epoxies begins when a hardener is added. The
curing of epoxy resins generally is an exothermic reac-
tion, which causes the temperature of the process to in-
crease (Petrie, 2006). Epoxies are used extensively in
many applications to bond the substrates of different
materials (Lapique and Redford, 2002). In recent years,
it has been shown that the addition of nanoparticles and
nanofibrils to adhesives is an economical and environ-
mentally friendly way to improve the various properties
of a polymer. Nano-sized materials have superior prop-
erties, such as increased chemical activities, increased
aspect ratios, and enhanced physical properties (Auer
and Frenkel, 2001). Thus, many researchers (Zhai et al.,
2007; Masoodi et al., 2012) have shown important pro-
gress in obtaining significant improvements in perfor-
mance, such as enhanced physical, mechanical, thermal,
and surface properties, by mixing low concentrations of
nanoparticles or nanofibrils with epoxy.

Cellulose nanofibrils (CNFs), which are natural
fibrils that occur at the nano scale, were selected for
use in producing nanocomposites. The cellulose chains
are held together by hydrogen bonds between hydroxyl
groups. Therefore, cellulose chains have high strength
and stiffness. They have begun to receive additional

attention as a reinforcement material because of reduc-
tions in the energy requirements for breaking down
cellulose fibrils in nanofibrils (Siro and Plackett, 2010).
Previous studies on reinforced epoxy, an adhesive that
is not used extensively in the wood industry, showed
that the addition of different fillers improved the tough-
ness of the adhesive bond (Kinloch and Lee, 2003;
Stewart et al., 2007).

In this study, cellulose nanofibrils were selected be-
cause of their sustainability, industrial ecology, eco-effi-
ciency, inexpensive cost, green chemistry, and abun-
dance in nature. Cellulose nanofibrils have a high
reinforcing effect and can improve the properties of the
matrix (Sain and Oksman, 2005). Epoxy was chosen as
the matrix due to its good physical properties and excel-
lent bonding strength. Thermal properties of the com-
posites prepared with epoxy and cellulose nanofibrils at
different loadings (1 %, 2 %, and 3 % by weight) were
investigated with thermogravimetric analysis (TGA/
DTG) and differential scanning calorimeter (DSC).
Morphological structure of the obtained composites was
characterized with scanning electron microscopy (SEM).

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Cellulose nanofibrils (CNFs) used in this study
were a commercial product, ARBOCEL MF40-10 at
10 wt % from J. Rettenmaier & Sohne (JRS), Germany.
The SEM images of CNFs are given in Fig. 1.

The CNFs were used to prepare the epoxy nano-
composites. A commercially available Technobond
3000 adhesive epoxy with two components, i.e., a resin
and a hardener, was obtained from Techno Structural
Chemicals, Turkey. The density of the epoxy adhesive
was 1.15 g/cm?. The flammable point of the epoxy was
180 °C, and the curing time was 45 min.

Different quantities (1 %, 2 %, and 3 % wt) of
cellulose nanofibrils were added to the epoxy resin,
and the mixture was blended mechanically with a me-
chanical stirrer at 1500 rpm for 20 min to obtain even

Figure 1 SEM images of cellulose nanofibrils
Slika 1. SEM slike celuloznih nanofibrila
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dispersion. Then, an equal amount of hardener was
added to the mixture, which was mixed mechanically
again for 10 min. The hardener was mixed homoge-
nously throughout the adhesive by mechanical disper-
sion. An epoxy adhesive without cellulose nanofibrils
was also prepared using equal amounts of resin and
hardener, which were mixed mechanically until the
mixture was homogeneous. The prepared adhesives
were cast in aluminum molds, and the molds were
cured for 1 day at 50 °C in an oven having +3 °C sen-
sitivity and working without air circulation.

The morphology of the surfaces of the epoxy
films was observed with an environmental scanning
electron microscope (ESEM) (Phillips Electroscan
2020) with an accelerating voltage of 5 kV. The sur-
faces of all samples were sputter-coated with gold us-
ing a Denton sputter coater for enhanced conductivity.
The thermal stability of the nanocomposites reinforced
with cellulose nanofibrils was investigated using ther-
mogravimetric analysis (TGA/DTG) (Perkin Elmer,
TA Instruments, USA). The samples were heated from
25 °C to 600 °C with a heating rate of 10 °C/min and a
nitrogen flow of 100 mL/min. The differential scan-
ning calorimeter (DSC) tests were performed on a DSC
2920 (Perkin Elmer, TA Instruments, USA) at a heating

HY mag [ | det
10.00kv | 2500x | ETD

vac mode
High vacuum

rate of 5 °C/min under a nitrogen atmosphere. The
samples that were used weighed about 10 mg.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The SEM was an effective method for investigat-
ing the morphological characteristics of the compos-
ites. Fig. 2 shows the distribution of CNFs in the epoxy
matrix. The SEM results showed that the CNFs were
dispersed throughout the epoxy matrix. The dispersion
of CNFs changed as the loading rates of the CNFs were
increased from 1 % to 3 %. Fig. 2 shows that clumping
occurred for the 2 % and 3 % loadings of CNFs due to
the strong affinity for hydrogen bonding or insufficient
mixing. For the case of low loading, i.e., 1 %, the dis-
persion of CNFs was partially homogenous (Fig. 2a
and 2b), but this condition was found to deteriorate as
the loading was increased (Fig. 2c, 2d, 2e, and 2f). The
poor dispersion can be said to occur due to increasing
of viscosity. There were mechanically weak locations
in the epoxy due to inadequate dispersion and poor
bonding of the cellulose nanofibril domains. Therefore,
the poor dispersion can be the cause of decreased me-
chanical performance.

wo |
11.3 mm

Figure 2 SEM images of cellulose nanofibrils reinforced epoxy nanocomposites: (a) and (b) 1 %

CNF; (c) and (d) 2 % CNF; (e) and (f) 3 % CNF

Slika 2. SEM slike epoksidnih nanokompozita ojacanih celuloznim nanofibrilima: a) ib) uz 1 %
CNFs-a; () i (d) uz 2 % CNFs-a; (e) i (f) uz 3 % CNFs-a
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Figure 3 TG/DTG curves of CNF-reinforced epoxy nanocomposites
Slika 3. TG/DTG krivulje epoksidnih nanokompozita ojacanih celuloznim nanofibrilima

Lu et al. (2008) reported the surface modification
of micro-fibrillated cellulose for epoxy composite ap-
plications. The SEM results showed that there was a
non-uniform phase morphology that constituted many
granular domains for all of the composites that were
prepared. This was possibly because of poor mechani-
cal mixing or faster cross-linking nature of the surface
molecules, which formed a particulate structure (Nair
and Dufresne, 2003).

Alamri and Low (2012) studied hybrid epoxy
composites using cellulose and nano-SiC. The results
showed that the dispersion of cellulose nanofibrils (1

%) was essentially homogenous, but the dispersion for
3 % was found to deteriorate, and many agglomera-
tions were observed at this loading. Fig. 3 shows the
thermal stability of the epoxy nanocomposites.

Three degradation steps for the samples were de-
termined from the weight changes in TGA and the de-
rivatives of the weight loss curves in Fig. 3a and Fig.
3b. At the first degradation point, pure epoxy and cel-
lulosic nanocomposites exhibited mass losses due to
the evaporation of moisture at around 50 °C to 100 °C.
Other decomposition points were determined in the
DTG curves. A different decomposition point was

Table 1 Summary data of thermal stability of CNF-reinforced epoxy composites
Tablica 1. Sazeti podaci toplinske stabilnosti epoksidnih nanokompozita oja¢anih celuloznim nanofibrilima

Maximum decomposition
Samples DTG, | T,., T, Najveéa dekomporzicija
Uzorci Residue / Ostatak | Mass loss / Gubitak mase
°C °C °C %/min %
Pure epoxy / cista epoksidna smola 362.7 | 170.1 | 362.1 0.5 99.5
1 % CNF + epoxy / I % CNF + epoksidna smola| 358.1 | 161.5 | 347.4 1.8 98.2
2 % CNF + epoxy / 2 % CNF + epoksidna smola | 355.8 | 168.9 | 350.5 1.9 99.1
3 % CNF + epoxy / 3 % CNF + epoksidna smola| 3514 | 169.5 | 350.7 1.9 99.1

Legend: DTG shows maximum degradation point of the composites; 7, and T, show the degradation temperature at 10 % and 50 %
weight losses, respectively. / Legenda: DTG,  pokazuje najvecu temperaturu degradacije kompozita; T, and T, oznacava temperature

10% 50%
degradacije pri gubitku mase od 10 i 50 %.
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Figure 4 DSC curves of pure epoxy and cellulosic epoxy nanocomposites
Slika 4. DSC krivulje Ciste epoksidne smole i celuloznih epoksidnih nanokompozita

found due to the presence of cellulose nanofibrils. The
third point is shown at 7,, (Tab. 1). DTG peaks
showed that the peak and degradation temperatures of
all composites were similar to that of pure epoxy. It
was, however, found that the composites had shoulders
(2" degradation point between 150 °C and 250 °C) in
DTG curves due to the presence of CNFs.

It was found that the thermal stability of the com-
posites was not improved by the addition of CNFs.
When CNFs were added, the curves of DTG, (Tab. 1)
were found to range from 362.7 °C to 351.4 °C. The
DTG values do not have a positive effect in raising the
loading rate. The TGA curves decreased as the particle
loadings increased. The highest residue of composites
was found to be 1.9 % for 2 % and 3 % additions of the
cellulose nanofibrils. The maximum mass loss was cal-
culated to be 99.5 % for pure epoxy. Alamri and Low
(2012) studied the thermal stability of epoxy nanocom-
posites. Their results showed that, at low temperatures
(<200 °C), epoxies with 1 % and 2 % CNFs had better
thermal stability than pure epoxy and those with 3 %
CNFs. Lu et al. (2008) worked with micro-fibrillated
cellulose epoxy composites. The results showed that the
decomposition of neat epoxy occurs between 325 °C
and 450 °C, and the degradation of micro fibrillated
cellulose (MFC) starts at 280 °C, which is lower than
the temperature at which epoxy starts to degrade. Thus,
the thermal stability of the composite was decreased
slightly by the addition of 5 % MFC, and MFC does
not have any significant effect on the thermal stability
of'the resulting composite, although the residual weight
following decomposition increased slightly. Fig. 4
shows DSC thermograms of the neat epoxy and the na-
nocomposites prepared with cellulose nanofibrils. The
T, values of the nanocomposites showed no apprecia-
ble changes among each other compared with their in-
crease over neat epoxy. Isik et al. (2003) also observed
that the glass transition temperatures of epoxy slightly
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increased with increasing clay content. This status ex-
plained this behavior in terms of the restricted mobility
of polymer chains due to the interaction between the
particles and the polymer.

4 CONCLUSIONS
4. ZAKLJUCAK

The morphologies of epoxy nanocomposites that
were prepared with cellulose nanofibrils were character-
ized and investigated for their thermal properties. The
results showed that cellulose fibrils were found to have
some effects on the morphological and thermal proper-
ties of epoxy. When the cellulose loading rate of nanofi-
brils in the epoxy was increased to 3 %, some clumping
was observed on the SEM photographs. The thermal
stability of epoxy was decreased by the addition of cel-
lulose fibrils, and the highest DTG__ was found at 362.7
°C for neat epoxy, whereas DTG__was decreased to
351.4 °C when the cellulose loading was increased.

5 REFERENCES
5. LITERATURA

1. Alamri, H.; Low, I. M., 2012: Characterization of epoxy
hybrid composites filled with cellulose fibers and nano-
SiC. Journal of Applied Polymer Science, 126(S1),
E221-E231. http://dx.doi.org/10.1002/app.36815

2. Auer, S.; Frenkel, D., 2001: Suppression of crystal nu-
cleation in polydisperse colloids due to increase of the
surface free energy. Nature, 413(6857): 711-713.
http://dx.doi.org/10.1038/35099513

3. Isik, L.; Yilmazer, U.; Bayram, G., 2003: Impact modified
epoxy/montmorillonite nanocomposites: Synthesis and
characterization. Polymer, 44(20): 6371-6377.
http://dx.doi.org/10.1016/S0032-3861(03)00634-7

4. Kinloch, A. J.; Lee, J. H., 2003: Toughening structural
adhesives via nano- and micro-phase inclusions. J. Ad-
hes., 79(8/9): 867-873.
http://dx.doi.org/10.1080/00218460390242234

39



Aydemir: Morphological and Thermal Properties of Cellulose Nanofibrils Reinforced... «¢evs.

10.

11.

40

Kozma, L.; Olefjord, 1., 1987: Surface treatment of steel
for structural adhesive bonding. Mater. Sci. Technol.,
3(11): 954-962.
http://dx.doi.org/10.1179/mst.1987.3.11.954

Lapique, F.; Redford, K., 2002: Curing effects on viscos-
ity and mechanical properties of a commercial epoxy
resin adhesive. Int. J. Adhes. Adhes., 22(4): 337-346.
http://dx.doi.org/ 10.1016/S0143-7496(02)00013-1

Lu, J.; Askeland, P.; Drzal, L. T., 2008: Surface modifica-
tion of microfibrillated cellulose for epoxy composite ap-
plications. Polymer, 49(5): 1285-1296.
http://dx.doi.org/10.1016/j.polymer.2008.01.028
Masoodi, R.; El-Hajjar, R. F.; Pillai, K. M.; Sabo, V.,
2012: Mechanical characterization of cellulose nanofiber
and bio-based epoxy composite. Materials and Design,
36: 570-576.
http://dx.doi.org/10.1016/j.matdes.2011.11.042

Nair, K. G.; Dufresne, A., 2003: Crab shell chitin whisker
reinforced natural rubber nanocomposites. 1. Processing
and swelling behavior. Biomacromolecules, 4(3): 657-
665. http://dx.doi.org/10.1021/bm020127b

Petrie, E. M., 2006. Epoxy Adhesive Formulations,
McGraw Hill, New York.

Sain, M.; Oksman, K., 2005: Introduction to Cellulose
Nanocomposites, in: K. Oksman and M. Sain (Eds.),
Washington, DC, ACS Symposium Series 938, p. 2.

12.

13.

14.

Siro, 1.; Plackett, D., 2010: Microfibrillated cellulose and
new nanocomposite materials: A review. Cellulose,
17(3): 459-494.
http://dx.doi.org/10.1007/s10570-010-9405-y

Stewart, I.; Chambers, A.; Gordon, T., 2007: The cohe-
sive mechanical properties of a toughened epoxy adhe-
sive as a function of cure level. International Journal of
Adhesion and Adhesives, 27(4): 277-287.
http://dx.doi.org/10.1016/i.ijjadhadh.2006.05.003

Zhai, L. L.; Ling, G. P.; Wang, Y. W., 2007: Effect of na-
no-ALO, on adhesion strength of epoxy adhesive and
steel: International Journal of Adhesion & Adhesives,
28(1): 23-28.
http://dx.doi.org/10.1016/j.ijjadhadh.2007.03.005

Corresponding address:

Assist. Prof. DENIZ AYDEMIR, Ph. D.

Bartin University

Faculty of Forestry, Forest Industrial Engineering
74100, Bartin, TURKEY

e-mail: denizoren32@yahoo.co.uk

DRVNA INDUSTRIJA 66 (1) 35-40 (2015)




<<
  /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 200
  /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 200
  /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




