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Abstract Effect of several p- and p,p’-substituted diphenyl
amines on the thermooxidative stability of styrene-butadiene
rubber (SBR) has been studied using non-isothermal DSC
measurements with the aim of exploring the relation between
the structure of the compound and its antioxidative perfor-
mance. The treatment of the experimental data was carried
out by applying a new method based on a non-Arrhenian
temperature function. In order to compare the stabilizing
effect of the compounds, protection factors have been
calculated from the oxidation induction times. The results
achieved document that some functional groups in substi-
tuted diphenyl amines modify greatly the antioxidative
performance. The groups having a positive mesomeric
effect increase dramatically the antioxidant efficiency; the
highest increase exhibited the nitroso group. On the other
hand, the nitro group with the negative mesomeric effect is
responsible for the loss of antioxidative properties. In
general, the protection factors of the compounds depend on
temperature.
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Introduction

Thermooxidative degradation is one of the most common
reasons causing a rapid failure of elastomer properties. In
order to retard the thermooxidative degradation of elasto-
mers during their processing, storage and use, various
antioxidants are used. Thermooxidative degradation gen-
erally occurs in two steps [1]. The first one is the induction
period (IP), where seemingly no chemical reaction takes
place. At the end of the induction period, the second pro-
cess, i.e. the oxidation, begins. At the end of IP, a sudden
change in the material properties mostly occurs and,
therefore, the length of IP is often considered a measure of
the material stability [1, 2]. In order to estimate the stability
of the materials, accelerated oxidation tests are frequently
used employing thermoanalytical methods. Regarding the
differential scanning calorimetry (DSC), the end of the
induction period is determined as the oxidation induction
time (OIT) in the case of isothermal measurements and the
oxidation onset temperature (OOT) in the case of non-
isothermal measurements with linear heating [2]. The
standard accelerated tests are usually carried out under
isothermal conditions. In our previous papers, it has been
shown that the onset of the oxidation peak can mostly be
determined more accurately from the non-isothermal DSC
records than from the isothermal ones [1, 2]. A theory for
the kinetic description of IP from non-isothermal mea-
surements has been outlined in [1, 2]. The theory was
applied for the study of thermooxidation of edible oils and
fatty acids methylesters [1, 3, 4], thermooxidation of
polyolefines [1, 2, 5], thermooxidative stability of phar-
maceuticals [6], evaluation of antioxidant activity of
p-phenylenediamines in polyisoprene rubber [7, 8], deter-
mination of residual stability of polyurethane automotive
coatings [9, 10], thermooxidative stability of dried milk
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[11], stabilization of poly(methyl methacrylate) by TiO,/
SiO, nanoparticles [12] and determination of residual sta-
bilty of y-irradiated polyisoprene rubber [13].

The oxidative induction time (OIT) test was developed
by former Bell Telephone Laboratories researchers as a
rapid screening test for the relative effectiveness of stabi-
lizer packages for olefinic cable jackets [14]. Later, it was
discovered that due mainly to the curvature in the Arrhe-
nius activation energy plots, gross over-estimates of near
room temperature lifetimes were encountered [14—17]. The
aim of most stability studies is to extrapolate the data
obtained from the accelerated tests to lower temperatures.
In our recent paper [18], it has been documented that the
extrapolation from high-temperature data to ambient tem-
perature based on the Arrhenius temperature function very
often leads to unrealistic estimations of the material sta-
bility. Better estimations can be obtained using non-
Arrhenian temperature functions [18].

Diphenyl amine-based antioxidants are commercialized
for long time (see, for example, the compound 2 in Table 1).
In order to develop new antioxidants, it would be advisable to
recognize the relation between structure of the antioxidants
and their efficiency. In this pilot work, the antioxidant effects
of diphenyl amine and 11 p- and p,p’-substituted diphenyl
amines on the thermooxidative stability of styrene-butadiene
rubber (SBR) are tested with the aim to assess the effect of
the substituents on the protection factor of the substituted
diphenyl amines. The evaluation of experimental results and
kinetic description of the induction periods are carried out
employing a non-Arrhenian temperature function.

Theory

In order to describe the kinetics of the processes occurring
in condensed phase, methods based on the single-step
approximation are often used [19, 20] where the rate of the
complex process can be formally described as:

& 1) (1)

i
where k(T) is the temperature function depending only on
temperature 7 and f(o) is the conversion function depend-
ing only on the conversion of the process, o.

The rate of degradation processes under application
conditions is usually too slow to be measured. In order to
estimate the stability of materials, a sample is mostly
subjected to an accelerated test under standardized condi-
tions where heating is the most common means of accel-
erating the oxidation. As it has been noted above, the
principal goal of stability studies is to extrapolate
the kinetic data, obtained from accelerated stability tests, to
the application conditions. The prediction of long-term
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durability by extrapolation is a very difficult task since
many fundamental scientific problems in this field remain
unsolved. The Arrhenius extrapolation mostly gives unre-
alistically long estimates of thermooxidative stability. In
[18], it has been documented that the most realistic esti-
mates of the material durability under thermooxidative
conditions are obtained when a non-Arrhenian temperature
function is applied instead of the Arrhenius equation.
Hence, the dependence of the oxidation onset temperature
on the heating rate is treated using the relationship

T, = %ln(ADB +1), (2)

where T; is the oxidation onset temperature, £ is the heating
rate, A and D are adjustable kinetic parameters without
clear physical meaning [21]. Knowing the values of kinetic
parameters, the oxidation induction time for a chosen
temperature, 7, can be calculated as

ti =Ae T, (3)

Experimental part

Thermooxidative degradation of the samples has been
studied using power compensated calorimeter Perkin
Elmer DSC-7 with the Pyris software. The temperature
scale of the calorimeter was calibrated to the fusion points
of In and Zn; the enthalpy scale was calibrated to the
enthalpy of fusion of In. Samples of 2-4 mg were placed in
standard aluminium pans where the lid of each pan was
perforated by 7 pinholes to facilitate the contact of the
sample with oxygen. The samples were measured at heat-
ing rates 1, 3, 5, 7, 10 and 15 K/min. The onset tempera-
tures of the oxidation peaks were taken as the starting
temperatures of the samples oxidation.

The unstabilized SBR was prepared by coagulation from
an unstabilized latex E-SBR 1500 (Synthos Kralupy, Czech
Republic). The coagulate was dried in mild conditions at
40 °C for 120 h.

Preparation of the samples

The samples were prepared in a Brabender type mixing
chamber (65 cm?, 50 rpm) from the unstabilized SBR and
0.5 wt% of the antioxidant at 60 °C for 5 min. Description
of the samples, the antioxidants used, their formulas,
sources and purity are given in Table 1.

Results and discussion

From the non-isothermal DSC records, the oxidation onset
temperatures, 7;, were read; their values are summarized in
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Table 1 Names, formulas, sources and purity of the substituted p-diphenyl amines under study

No. Name Formula Source Purity/

%
0  SBR without additive -
1 Diphenyl-amine Duslo Sala, Slovakia 99.5
@- NH @ (intermediate product)

2 N-(1,3-Dimethyl-butyl)-N'-phenyl- CH; CH Duslo Sala, Slovakia 98.5

benzene-1,4-diamine (6PPD) NH —@— NH —<_< 3 (Dusantox 6PPD)
CH;

3 Bis-(4-tert-butyl-phenyl)-amine | <:> NH @_I_ VUCHT and FCHPT 98.5

4 Phenyl-[4-(1,1,3,3-tetramethyl-butyl)- VUCHT 98.3
phenyl]-amine NH

5 Bis-[4-(1,1,3,3-tetramethyl-butyl)- | VUCHT (Dusantox ODPA 98
phenyl]-amine NH HP)

6  Bis-[4-(1-phenyl-ethyl)-phenyl]-amine VUCHT and FCHPT 98.5

NH (Dusantox 80)

7 [4-(1-Methyl-1-phenyl—ethyl)-phenyl]- VUCHT 93
phenyl-amine @ @ NH @

8  Bis-[4-(1-methyl-1-phenyl-ethyl)- VUCHT (Dusantox CDPA 98
phenyl]-amine NH @ @ HP)

9  4-phenylamino phenol VUCHT 95

NH OH
10 N-Phenyl-benzene-1,4-diamine Duslo §aia, Slovakia 98.9
@— NH @ NH, (intermediate product)
11 (4-Nitroso-phenyl)-phenyl-amine VUCHT 98
NH NO
12 (4-Nitro-phenyl)-phenyl-amine Chemie Brunschwig AG, 97

Switzerland

VUCHT Research Institute of Chemical Technology, Bratislava, Slovakia; FCHPT Faculty of Chemical and Food Technology, Slovak University
of Technology, Bratislava, Slovakia

Table 2. The kinetic parameters A and D describing the
length of oxidation induction period have been obtained
from the dependences of oxidation onset temperature ver-
sus heating rate applying Eq. 2. The data treatment was

carried out using the non-linear least squares method in the
program ORIGIN. As seen in Fig. 1 for the case of 6PPD, a
satisfactory agreement between the experimental and cal-
culated values of T; has been reached for all samples under
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Table 2 Oxidation onset temperatures (in °C) as a function of the heating rate for individual samples

B/K min~! Sample no.
0 1 2 3 4 5 6 7 8 9 10 11 12
1 70.9 125.3 152.4 139.9 120.8 120.0 116.7 123.2 116.1 148.3 149.6 157.1 98.5
3 81.5 137.8 166.1 150.1 130.0 128.6 123.8 131.6 132.2 163 159.8 172.7 110.3
5 87.1 140.2 175.2 152.8 139.1 133.8 134.0 140.0 138.8 173.9 167.7 177.7 117.1
7 96.2 142.7 177.3 160.6 141.7 141.3 136.6 143.0 142.2 180.3 169.8 181.5 119.5
10 99.5 147.2 181.8 165.6 146.0 146.9 137.2 146.8 148.5 182.9 174.7 187.0 123.1
15 99.3 155.7 190.6 168.9 154.2 150.0 144.6 154.2 155.1 187.6 180.0 190.0 126.5
195 Table 4 Calculated oxidation induction times and protection factors
190 4 = for temperatures 25 and 130 °C
185 Sample [[(25 oc)/year f,'(130 cc)/mil'l PF(ZS °C) PF(130 °C)
|}
1801 0 0.0011 0.068 - -
175 1 ° 1 0.315 6.13 286 90
% 170 4 2 0.282 67 256 985
165 3 0.624 21 567 309
160 4 4 0.055 4.11 49.6 60
155 4 5 0.064 3.78 58.6 56
150 4 6 0.131 2.86 119 42
T T T T T T T T T 7 0.109 6.18 99.2 91
o 2 4 6 8 10 12 14 16 8 0.017 4.89 15 72
A/K min™
9 0.102 55.6 93 818
Fig. 1 Dependence of the onset oxidation temperature, 7;, on the 10 1.33 61.2 1200 900
heating rate f# for SBR with the addition of 0.5 wt% 6PPD 11 1.11 106 1000 1560
12 0.023 0.44 21 6

Table 3 Kinetic parameters obtained from the treatment of experi-
mental data presented in Table 2 by using Eq. 2

Sample A/min D/K™!
0 8.37E13 0.086
1 5.90E17 0.097
2 4.44E14 0.073
3 1.81E17 0.091
4 1.40E15 0.083
5 4.31E15 0.086
6 2.75E17 0.097
7 1.58E16 0.088
8 1.32E13 0.071
9 2.00E13 0.066
10 2.34E17 0.089
11 2.41E16 0.082
12 2.84E16 0.096

study. The resulting values of A and D are listed in Table 3.
The coefficient of variability of the parameter A was about
100%, the one of the parameter D about 10%.

The kinetic parameters have no physical meaning;
however, they enable to calculate the lengths of isothermal
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induction periods for any temperature [2, 18]. In fact, the
isothermal induction period is identical with OIT [2]. We
have chosen two temperatures for the evaluation of OIT.
The first one is 130 °C which is the temperature from the
range of T; values. The other temperature chosen is 25 °C
which represents an extrapolation far from the measured
values of T;. In order to characterize and compare the
stabilizing effect of the compounds, the protection factor
(PF) has been calculated which is defined as a ratio of the
length of induction periods of the stablized and unstabi-
lized SBR [7, 8]:

~ t;(stab.)
~ t;(unstab.)’

(4)

The values of OITs and PFs calculated for the both
temperatures are summarized in Table 4. It can be seen that
the values of PFs are >1 for all compounds under study,
i.e. the compounds exhibit stabilizing effect on SBR.

First, we will discuss the data in Table 4 calculated for
the temperature 130 °C. This temperature is within the
range of OOTs measured so that no extrapolation of the
results measured is performed. The calculated data of OITs
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and protection factors represent a transformation of the
measured OOT data into OIT values through the kinetic
parameters comprised in Egs. 2 and 3. The values of the
protection factors point out that the order of the stability
should be 11 >2>10>9>3>7x 1>8>4>5>
6 > 12. The higher is the thermooxidation stability of the
samples, the higher is OOT [2]; hence, the same order of
stabilities is pointed out from the data of Table 2. The
compounds 2, 9, 10 and 11 have extremely high protection
factors, higher by an order of magnitude than diphenyl
amine itself. The functional groups comprised in these
compounds have a positive mesomeric effect so that they
increase the electron density on the adjacent benzene ring.
On the other hand, the lowest protection factor is observed
for the compound 12 containing a functional group with the
negative mesomeric effect. The compound 3 also exhibits a
protection factor much higher than diphenyl amine itself.
The protection factor of the compounds 4-8 is of the same
order than that of diphenyl amine so that the substituents
incorporated in these compounds do not have much influ-
ence on the antioxidant performance.

The protection factor (Eq. 4) represents the ratio of
OITs for the stabilized and unstabilized samples. From
Eq. 3, it follows that OIT depends on temperature so that
the protection factor should depend on temperature as well.
The comparison of protection factors for 25 and 130 °C in
Table 4 suggests that the factor could increase with tem-
perature for the compounds 2, 8, 9 and 11 and could
decrease for the compounds 1, 3, 6, 10 and 12. The tem-
perature dependence seems negligible for the compounds
4,5 and 7.

It has already been underlined that the temperature of
25 °C represents an extrapolation very far from the range
of the measured values of OOTs. Taking into account great
values of the coefficients of variability of the kinetic
parameters (Table 3), one should be very careful to draw
trustworthy conclusion from the values of protection fac-
tors for this temperature. From the point of view of their
antioxidant efficiency, it seems reasonable to divide the
compounds into three groups. The group of highly efficient
stabilizers involves the compounds 10, 11, 3, 1 and 2. The
compounds 6, 7, 9, 5 and 4 belong to the group of com-
pounds with a medium antioxidative performance. The
antioxidant effeciency of the compounds 9 and 12 is low.

Conclusions

The results achieved document that some functional groups
in substituted diphenyl amines modify greatly the antioxi-
dative performance. The groups having a positive meso-
meric effect increase dramatically the antioxidant efficiency.

The highest increase exhibited the nitroso group. On the
other hand, the nitro group with the negative mesomeric
effect is responsible for the loss of antioxidative properties.
In general, the protection factors depend on temperature.

Acknowledgements This study was supported by the Slovak
Research and Development Agency under the contract No. APVV-
0446-07.

References

1. Simon P, Kolman L. DSC study of oxidation induction periods.
J Therm Anal Calorim. 2001;64:813-20.

2. Simon P. Induction periods—theory and applications. J Therm
Anal Calorim. 2006;84:263-70.

3. Simon P, Kolman L, Niklovd I, Schmidt S. Analysis of the
induction period of oxidation of edible oils by differential scan-
ning calorimetry. J Am Oil Chem Soc. 2000;77:639—42.

4. Polavka J, Paligova J, Cvengro§ J, Simon P. Oxidation stability of
methyl esters studied by differential thermal analysis and Ranc-
imat. J Am Oil Chem Soc. 2005;82:519-24.

5. Gregorova A, Cibulkova Z, Kosikova B, Simon P. Stabilization
effect of lignin in polypropylene and recycled polypropylene.
Polym Degr Stab. 2005;89:553-8.

6. Simon P, Veverka M, Okuliar J. New screening method for the
determination of stability of pharmaceuticals. Int J Pharm.
2004;270:21-6.

7. Cibulkové Z, Simon P, Lehocky P, Balko J. Antioxidant activity
of p-phenylenediamines studied by DSC. Polym Degr Stab.
2005;87:479-86.

8. Cibulkova Z, Simon P, Lehocky P, Balko J. Antioxidant activity
of 6PPD derivatives in polyisoprene matrix studied by non-iso-
thermal DSC measurements. J Therm Anal Calorim. 2005;80:
357-61.

9. Fratricova M, Simon P, Schwarzer P, Wilde HW. Residual sta-
bility of polyurethane automotive coatings measured by chemi-
luminescence and equivalence of Xenotest and Solisi ageing
tests. Polym Degr Stab. 2006;91:94-100.

10. Simon P, Fratricova M, Schwarzer P, Wilde HW. Evaluation of
the residual stability of polyurethane automotive coatings by
DSC—equivalence of Xenotest and desert weathering tests and
the synergism of stabilizers. J Therm Anal Calorim. 2006;84:
679-92.

11. Simon P, Polavka J. Thermooxidative degradation of dried milk
studied by non-isothermal thermogravimetry. J Food Nutr Res.
2006;45:166-70.

12. Simon P, Zhong W, Bakos D, Hynek D. Thermooxidative sta-
bility of polymethyl methacrylate containing nanoparticles of
silica/titania and silica/zirconia. Chem Pap. 2008;62:176-80.

13. Cibulkova Z, Polovkova J, Lukes V, Klein E. DSC and FTIR
study of the gamma radiation effect on cis-1,4-polyisoprene.
J Therm Anal Calorim. 2006;84:709-13.

14. Woo L, Khare A, Blom HP, Sandford C, Ding SY. Application of
the oxidative induction test to depolymerizing systems. Ther-
mochim Acta. 2001;367:113-8.

15. Gillen KT, Bernstein R, Derzon DK. Evidence of non-Arrhenius
behaviour from laboratory aging and 24-year field aging of
polychloroprene rubber materials. Polym Degr Stab. 2005;87:
57-67.

16. Gillen KT, Bernstein R, Celina M. Non-Arrhenius behavior for
oxidative degradation of chlorosulfonated polyethylene materials.
Polym Degr Stab. 2005;87:335-46.

@ Springer



684

Z. Cibulkova et al.

17. Celina M, Gillen KT, Assink RA. Accelerated aging and lifetime
prediction: review of non-Arrhenius behaviour due to two com-
peting processes. Polym Degr Stab. 2005;90:395-404.

18. Simon P, Hynek D, Malikova M, Cibulkova Z. Extrapolation of
accelerated thermooxidative tests to lower temperatures applying
non-Arrhenius temperature functions. J Therm Anal Calorim.
2008;93:817-21.

@ Springer

19.

20.

21.

Simon P. The single-step approximation—attributes, strong and
weak sides. J Therm Anal Calorim. 2007;88:709-15.

Simon P. Single-step kinetics approximation employing non-
Arrhenius temperature functions. J Therm Anal Calorim. 2005;79:
703-8.

Simon P. Considerations on the single-step kinetics approxima-
tion. J] Therm Anal Calorim. 2005;82:651-7.



	DSC study of the influence of p-subtituted diphenyl amines on the thermooxidative stability of styrene-butadiene rubber
	Abstract
	Introduction
	Theory
	Experimental part
	Preparation of the samples

	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


