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Abstract: The influence of intensity of the j+irradiation on commercial high and
low density polyethylene (LDPE and HDPE) granules (Kazanorgsintez PJSC,
Kazan, Tatarstan, Russia) on their rheological and morphological properties at
irradiation doses of 5 and 10 kGy was studied. Experiments in the oscillation
mode revealed an increase in the dynamic moduli values with increasing
radiation dose compared to the initial samples. At the same Jirradiation doses,
the HDPE samples compared to the LDPE ones showed the greatest changes in
rheological properties, while the zero shear viscosity of HDPE increased by order
of magnitude compared to the initial one at the irradiation dose of 10 kGy.
Morphology analysis of supramolecular structures revealed an increase in cob-
web-type structures for the irradiated sample in comparison with the initial
sample, which may indicate the formation of branched structures under
jpirradiation.
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INTRODUCTION

Polyethylene is the most usedr polymer material on the global market.!-3
Most of the low-density polyethylene (LDPE) and high-density polyethylene
(HDPE) are supplied to end-product manufacturers in the granular form. In com-
parison with the powdery and flaky forms, it has significant advantages: high
bulk density; flowability, i.e., when dosing, packing, moving, it is not accumul-
ated in equipment units and does not form “dead zones” that lead to process
instability and shutdowns; minimization of losses, since it is completely removed
from feeding devices; less risk of destruction; no dust formation.
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Due of the growing demand for polymer products, as well as the emergence
of new materials with improved characteristics, currently, modification of some
properties of polyethylene is required, i.e., improvement of only the necessary
features while maintaining the others at the same level.#~¢ xIrradiation is one of
the known methods for changing the properties of polymers.”-!! For example,12
when polypropylene was exposed to a low irradiation dose (up to 200 kGy), it
was possible to achieve a higher melt strength and special rheological properties.
El-Shamy et al. observed an increase in conductivity and improvement in the
dielectric properties of polymer films after jirradiation.!0 An increase in the vis-
coelastic properties of polyethylene was observed after yirradiation in the range
of irradiation doses from 7 to 103 kGy.!3

As a result of ionizing radiation (irradiation doses of 20, 30 and 35 kGy),!4
some polymers, in particular, polyethylene, are prone to crosslinking, while
others (e.g., polypropylene and poly(methyl methacrylate) are more prone to
chain breaking and decomposition. It was observed that under certain modes of
ionizing radiation, the mechanical strength and hardness of LDPE and HDPE
were increase by 40-60 %.15 In addition, the effects of y-irradiation on the elec-
tric properties of high-pressure polymer films have been studied.!¢ The results of
experimental studies showed that, after irradiation, cross-connections are formed
inside the polyethylene, and carbonyl groups are formed on the surface. This
leads to an insignificant increase in the degree of crystallinity and specific volu-
metric electrical resistance.

As a literature review showed, most of the studies present the results of
pirradiation of finished polymer products (mainly films). For example, HDPE
samples after hydraulic pressing were jirradiated in different atmospheres.!7 In
another study, small samples were cut from LDPE sheets,!® their dimensions
were 12x50x2.5 mm3, and then they were processed on industrial equipment; the
values of the irradiation dose ranged from 100 to 2000 kGy. Polymer films 40
mm wide,8 0.6 and 1.2 mm thick were considered in the study. They were irradi-
ated with a total dose of 25 kGy in a closed glass container. After jirradiation,
prismatic specimens of 12.5x12.5%25.4 mm?3 for compression testing and speci-
mens of 12.5 mm for tensile testing were extracted from a plate of industrial
HDPE.?

The present work aims at studying the effect of jirradiation intensity on
rheological and morphological properties of LDPE and HDPE granules produced
by Kazanorgsintez PJSC (Kazan, Russia). Thus, unlike the majority of other
authors, the irradiation of granules with subsequent production of disks (diameter
25 mm, thickness 1.2 mm) by pressing was considered. These disks were the
objects for investigation in the present study.
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EXPERIMENTAL
Materials

LDPE and HDPE granules produced by Kazanorgsintez PJSC, the largest Russian pro-
ducer of ethylene polymers and copolymers, were taken as the objects of research. LDPE of
15313-003 grade (hereinafter — 153) meets the requirements of GOST 16337-77 (Russia).
Technical characteristics of this polyethylene grade: density 0.9185-0.922 kg m™, melt flow
index 0.21-0.39 g per 10 min (measured at the load of 2.16 kg and at the temperature of 463
K); tensile yield limit not less than 9.8 MPa. HDPE of PE2HT76-17 grade (hereinafter refer-
red to as 2HT) corresponds to technical specifications TU 2243-174-00203335-2007 (Russia).
Technical characteristics of this polyethylene grade: density 0.955-0.961 kg m™, melt flow
index 2.3-3.3 g per 10 min (measured at a load of 5 kg at a temperature of 463 K); tensile
yield limit not less than 26 MPa. For both samples (LDPE and HDPE), the tensile tests were
performed using dumbbell-shaped plate specimens with the following dimensions: thickness —
1 mm; the width — 3 mm and length of the narrow part — 40 mm. The dimensions of the
current specimens were calculated as the average value of triple measurements.

Y-Irradiation

Irradiation of LDPE and HDPE granules was realized using a RV-1200 radiation unit
(Russia). The Co® isotope was the source of y-radiation. The maximum activity of the irradi-
ator was 2.3x1016 Bq (600 kCi). The installation contained a mechanism for rotating tape
blocks, an irradiation chamber, extracted irradiator traverse, a feeding device, tubular elements
with radiation sources, & plane irradiator, an assembly chamber, a backup storage, an oper-
ator’s room, an irradiator storage, a transport device for tape blocks, ar annular transport
channel, and concrete walls. The samples were placed in an RV-1200 chamber at certain
distances from the radiation source. Since these distances were different, the dose of irradi-
ation was also different. Thus, polymers with irradiation doses of 5 and 10 kGy were obtained
in the course of the irradiation. During irradiation, polyethylene granules were in 2 kg tissue
bags; 2 bags, 2 kg each, were exposed to one dose.

Sample preparation

Before pressing, LDPE and HDPE granules weighing 60—70 g were prepared. The pro-
cess of manufacturing polymer products by pressing was based on filling a mold cavity with a
melt, followed by its compaction due to pressure and cooling. The pressed samples were
prepared using a YT-30 RS press. Pressing mode: the temperature was 403.15 K for LDPE
and 433.15 K for HDPE; pressure — 100 atm.; process duration — 10 min. When preparing the
samples, pre-compaction was performed (i.e., when the pressure dropped, it was increased to
9.806 kPa). Cooling time to the temperature of 303.15-313.15 K was 3—4 min. Plates with the
size of 150x150 mm? and thickness of 1.2 mm were obtained in sets of five.

Morphology observation

The morphology study of the supramolecular structures of the polyethylene samples was
performed on cleaved discs. To prepare the cleavage, the specimens (discs with a diameter of
25 mm and a thickness of 1.2 mm) were submerged in liquid nitrogen for 40 s, after which
they were removed and cleaved. The samples fixed on the holder were placed in the chamber
of a Quorum Q 150T ES vacuum unit (Quorum, Great Britain). The conductive layer was
deposited by cathode sputtering of Au/Pd alloy at a ratio of 80/20. The thickness of the
applied layer was 10 nm. The morphology of samples was observed with a Merlin field-emis-
sion scanning electron microscope (Carl Zeiss, Germany). The surface morphology was sur-
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veyed at an accelerating voltage of primary electrons of 5 kV and a probe current of 300 pA
for minimal impact on the object of study.
Parallel plate rheology

The frequency sweep and rotary tests were performed to identify the rheological pro-
perties through dynamic modulus (G', G"' / Pa), viscosity curve, and 1st normal stress coef-
ficient of pure and jirradiated samples. Rheological measurements were made using a Phys-
ica MCR-102 (Anton Paar) instrument at 473.15-493.15 K. The study was performed in an
inert environment (nitrogen) to avoid polymer destruction. The predetermined temperature of
the sample was controlled and maintained by the lower heating system based on Peltier ele-
ments P-PTD200 and the active casing based on Peltier elements H-PTD200 (maintenance
error — 0.01 K); a P-ETD400 device was used for temperatures above 473.15 K. This method
minimizes temperature gradients in the samples (Anton Paar Physical MCR technical speci-
fications). The PP25 “plate-plate” system was used in the studies; the diameters of the upper
and lower plates were 25 mm.

RESULTS AND DISCUSSION
Rheological analysis

The curves of effective viscosity (77), storage (G'), and loss (G"") moduli are
shown in Fig. 1. The frequency range (@) of 0.05-200 rad s~! corresponds to the
linear viscoelastic regime when the strain is equal to 5 %.

It is noteworthy that with an increase in the absorbed dose of jirradiation,
the values of the storage modulus and loss modulus increase, including their
position relative to each other. Moreover, the influence of yirradiation on HDPE
is more significant than that on LDPE. For HDPE, the values of G’ and G" at low
frequencies increase by an order of magnitude at the irradiation dose of 10 kGy.
For the initial unirradiated LDPE sample, the processing of the obtained data rev-
ealed that at the temperature of 473.15 K, the cross over point of G’ and G"' is
w*=126rads !, ie,G>G" ato>126rads! and G'> G" at w < 1.26 rad s~
I; for HDPE this value is w* = 36.75 rad s~! (Table I), which is different by an
order of magnitude. The table shows the angular frequency values corresponding
to the cross over points of G' and G" distribution for the studied samples at
473.15, 483.15 and 493.15 K. According to the table, for HDPE, there is a sharp
shift of the cross over point to the region of low angular velocity, i.e., the
material acts as elastic over a wider range of angular velocity.

As expected, exposure to jirradiation led to an increase in the effective vis-
cosity, in particular 77 (Fig. la and c). Note that the range of shear rates is
limited to 0.4 s~! due to extrusion of the sample through the gap at high shear
rates. As illustrated in the figure, for HDPE, the increase in the irradiation dose
by 10 kGy led to an increase in 79 by an order of magnitude, compared to LDPE,
despite the fact that the viscosity of the initial samples differed insignificantly.
Thus, the obtained results indicate that jirradiation is more effective for HDPE-
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type polymers, which is accompanied by a more pronounced increase in both the
values of dynamic moduli and the value of the effective viscosity.
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Fig. 1. Viscosity curves (a, ¢) and dynamic moduli (b, d) for 153 (LDPE, a, b) and 2HT
(HDPE, c, d) at a temperature of 473.15 K.

TABLE I. Influence of irradiation dose on cross over point (w* / rad s'!) of G’ and G”

v/ kGy
Sample Temperature, K 0 5 0
LDPE (153) 473.15 1.26 0.58 0.05
483.15 1.65 0.59 0.08
493.15 2.04 0.64 0.13
HDPE (2HT) 473.15 36.75 0.04 G>G"
483.15 39.5 5.73 0.13
493.15 46.1 6.27 0.42

Morphological analysis

Changes in the morphology of supramolecular structures after exposure to
intense radiation were studied using the HDPE as an example. The photographs
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were taken at 20000x uniform magnification. The measurements were performed
for the cleavages of the initial samples. shows The fibrous objects visible in Fig.
2 could not be attributed to structures such as a mixture of “nodules” and “cob-
webs”.19 It was observed that, in the absence of irradiation, during the sample
crystallization after pressing, “nodules” and “cobwebs” of a uniform type were
formed with an average “cobwebs” diameter of 117.6 nm and a small number of
“cobwebs” of small diameter (Fig. 2a). An irradiation dose of 5 kGy leads to the
decrease in the average diameter of the “cobwebs” down to 56.4 nm and the
increased content of “cobweb” structures. This could be explained by the form-
ation of branched structures on irradiation of polyethylene, which interferes with
the structuring of the macromolecules.20

(a) I IR )1

200 nm
MDC AM

Mag X

Fig. 2. SEM micrographs of HDPE samples (cleavages) under different irradiation doses: 0 (a)
and 5 kGy (b).

CONCLUSIONS

In this work, the rheological and morphological properties of commercial
polyethylene samples of LDPE and HDPE grades were analyzed. The studies
were performed on samples made by pressing granules that had been exposed to
pirradiation from the Co%0 isotope. Experiments in the oscillation mode revealed
an increase in storage and loss moduli with increasing radiation dose. The inc-
rease in dynamic moduli and effective viscosity for HDPE were more significant,
especially at low angular frequencies and shear rates. For both samples (LDPE
and HDPE), an increase in the radiation dose was found to lead to a shift in the
cross over point for G' and G” to lower values, i.e., treated samples behave like a
solid body at lower angular velocities. Morphology analysis of the supramole-
cular structures revealed an increase in the cobweb-type structures for the irradi-
ated sample compared to the original one. In this case, the original sample has a
structure consisting of nodules and cobwebs. Thus, irradiation of polyethylene
granules leads to the formation of branched structures, which seem to interfere
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with the structuring of the macromolecules on their further path to the final
products.
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U3BOJI
PEOJIOIIKA U MOP®OJIOIIKA AHATU3A 3PAUEHHUX HDPE U LDPE Y30PAKA

AIDAR KADYIROV', AJDAR AKHMADIYAROV? RUSLAN GARIPOV® u EKATERINA VACHAGINA'
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[TpoyuaBaH je yTuuaj MHTEH3WUTETa 3padema koMmepuujanHux rpaHyna LDPE u HDPE
(Kazanorgsintez PJSC, KasaHn, TarapcraH, Pycuja) Ha mHxOBa peojouka ¥ Mopdosouka
CBOjCTBa y Ho3ama o3paueHocTu off 5 u 10 kGy. ExcriepuMeHTH y peXuMy ocLMIalifja OTKPH-
1M cy nosehame BpeIHOCTH AUHAMUUKOT MogJyJla ca nosehamwem nose pagujauuje y nopehemwy
ca MOYETHHM y30pLuMa. Y UCTUM fo3ama 3pauewa, HDPE y3opuu y nopehewy ca LDPE
II0Kas3anu cy Hajsehe mpomeHe y PEOJIOIIKMM CBOjCTBUMA, JIOK CE€ BHUCKO3HOCT IIPU MaluM
OpsuHama cmunawa HDPE nosehana 3a pep BennuMHe y nopehemwy ca IOUETHOM Ca HO30M
o3paueHoctd o 10 kGy. Mopdonouika aHanu3a cymrpaMosiekyIapHUX CTPYKTypa OTKpHIIA je
nosehame CTPyKTypa THIa NaykoBe Mpeke 3a 03payeHH y3opak y nopehewy ca moyeTHuM,
IITO MOKE YKa3UBaTH Ha (D OPMUpaE pasrpaHaTUX CTPYKTypa I07 3paYEHEM.

(TTpumisero 27 Hoemdpa 2021, pesunupano 14. dbedpyapa, mpuxsaheno 21. dedpyapa 2022)

REFERENCES

1. R. Geyer, J. R. Jambeck, K. L. Law, Sci. Adv. 3 (2017) 1700782 (https://doi.org/
10.1126/sciadv.1700782)

2. P. Chalmin, FACTS Reports 19 (2019) 6 (https://journals.openedition.org/factsreports/
5071)

3. W. Xu, W.-Q. Chen, D. Jiang, C. Zhang, Z. Ma, Y. Ren, L. Shi, Ecosyst. Health Sustain.
6 (2020) 1 (https://doi.org/10.1080/20964129.2020.1756925)

4. S. A. Bhusari, V. Sharma, S. Bose, B. Basu, J. R. Soc. Interface 16 (2019) 20180273
(https://doi.org/10.1098/rsif.2018.0273)

5. W. Wu, Y. Wang, J. Macromol. Sci., B 59 (2020) 213
(https://doi.org/10.1080/00222348.2019.1709710)

6. X. Liu, C. Wang, J. Liu, G. Wang, Z. Yang, F. Chen, J. Song, J. Appl. Phys. 125 (2019)
123301 (https://doi.org/10.1063/1.5061751)

7. Sheeja, O. Manaf, A. Sujith, AIP Conf Proc 1849 (2017) 020040
(https://doi.org/10.1063/1.4984187).

8. R. Dorati, C. Colonna, C. Tomasi, G. Bruni, I. Genta, T. Modena, B. Conti, J. Biomater.
Sci. Polym. Ed. 23 (2012) 2223 (https://doi.org/10.1163/156856211X613915)

9. S.S. Cota V. Vasconcelos, M. Senne Jr., L. L. Carvalho, D. B. Rezende, R. F. Correa,
Braz. J. Chem. Eng. 24 (2007) 259 (https://doi.org/10.1590/S0104-66322007000200010)

10. A. G. El-Shamy, W. M. Attia, K. M. Abd El Kader, Mater. Chem. Phys. 191 (2017) 225

(https://doi.org/10.1016/j.matchemphys.2017.01.026)

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



8 9 8 KADYIROV et al.

11. S. A. Nouh, B. O. Alsobhi, A. A. Elfadl, A. M. Massoud, J. Inorg. Organomet. Polym.
Mater. 27 (2017) 1851 (https://doi.org/10.1007/s10904-017-0650-5)

12. A. B. Lugao, B. Hutzler, T. Ojeda, S. Tokumoto, R. Siemens, K. Makuuchi, A. L.
Villavicencio, Radiat. Phys. Chem. 57 (2000) 389 (https://doi.org/10.1016/S0969-
806X(99)00473-9)

13. A.J. Satti, N. A. Andreucetti, R. Quijada, C. Sarmoria, J. M. Pastor, E. M. Valles, J.
Appl. Polym. Sci. 117 (2010) 290 (https://doi.org/10.1002/app.31983)

14. A.J. Satti, J. A. Ressia, M. L. Cerrada, N. A. Andreucetti, E. M. Vallés, Radiat. Phys.
Chem. 144 (2018) 298 (https://doi.org/10.1016/j.radphyschem.2017.09.002)

15. G. K. Novikov, V. V. Fedchishin, A. I. Smirnov, Plast. Massy 11 (2019) 7
(https://doi.org/10.35164/0554-2901-2019-11-12-7-9)

16. A. A. Guzhova, M. F. Galikhanov, Surf. Eng. Appl. Electrochem. 53 (2017) 240
(https://doi.org/10.3103/S106837551703005X)

17. H.F.R. Ferreto, A. C. F. Oliveira, R. Gaia, D. F. Parra, A. B. Lugao, AIP Conf. Proc.
1593 (2014) 236 (https://doi.org/10.1063/1.4873771).

18. J. C. M. Suarez, E. E. C. Monteiro, E. B. Mano, Polym. Degrad. Stab. 75 (2002) 143
(https://doi.org/10.1016/S0141-3910(01)00213-0).

19. M. Ruff, C. Paulik, Macromol. React. Eng. 7 (2013) 71 (https://doi.org/10.1002/mren.20
1200050)

20. G. H. Michler, V. Seydewitz, M. Buschnakowski, L.P. Myasnikowa, E. M. Ivan’kova,V.
A. Marikhin, Y. M. Boiko, S. Goerlitz, J. Appl. Polym. Sci. 118 (2010) 866
(https://doi.org/10.1002/app.32346).

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.




@Article{Kadyirov2022,

  author    = {Kadyirov, Aidar and Akhmadiyarov, Aydar and Garipov, Ruslan and Vachagina, Ekaterina},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {{Rheological and morphological analysis of irradiated high and low density polyethylene samples}},

  year      = {2022},

  issn      = {1820-7421},

  month     = {mar},

  number    = {7-8},

  pages     = {891--898},

  volume    = {87},

  abstract  = {The influence of intensity of the g-irradiation on commercial high and low density polyethylene (LDPE and HDPE) granules (Kazanorgsintez PJSC, Kazan, Tatarstan, Russia) on their rheological and morphological properties at irradiation doses of 5 and 10 kGy was studied. Experiments in the oscillation mode revealed an increase in the dynamic moduli values with increasing radiation dose compared to the initial samples. At the same g-irradiation doses, the HDPE samples compared to the LDPE ones showed the greatest changes in rheological properties, while the zero shear viscosity of HDPE increased by order of magnitude compared to the initial one at the irradiation dose of 10 kGy. Morphology analysis of supramolecular structures revealed an increase in cob­web-type structures for the irradiated sample in comparison with the initial sample, which may indicate the formation of branched structures under g-irradiation.},

  doi       = {10.2298/JSC211127014K},

  file      = {:D\:/OneDrive/Mendeley Desktop/Kadyirov et al. - 2022 - Rheological and morphological analysis of irradiated high and low density polyethylene samples.pdf:pdf;:08_11418_5565.pdf:PDF},

  keywords  = {cobwebs structure, irradiation, $\gamma$},

  publisher = {Serbian Chemical Society},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/11418},

}




<<
  /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




