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THERMAL CHARACTERIZATION OF UHMWPE STABILIZED WITH
NATURAL ANTIOXIDANTS
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This work presents a study of the thermal degradation of ultra-high molecular mass polyethylene (UHMWPE) stabilized with natu-
ral (a-tocopherol and carvacrol) and synthetic antioxidants. Thermogravimetric analysis in dynamic mode was used to determine
the apparent activation energies of different samples. The stabilization of UHMWPE with low concentrations (around 0.3%) of
a-tocopherol is enough to obtain an efficient thermal performance of the polymer. Carvacrol is also a good stabilizer for
UHMWPE, but at higher concentration than in the case of a-tocopherol. The comparison of apparent activation energy between
samples with natural and synthetic antioxidants in similar concentration shows that o-tocopherol is a better stabilizer in terms of

their thermal performance.
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Introduction

It is well known that many different additives, such as
plasticizers, antioxidants and ultraviolet (UV) light
absorbers, are used to modify and take full advantage
of the unique properties of polymers. The type and
amount of these additives influence the processing
and longevity of fabricated products by providing the
necessary properties and protection during manufac-
turing and end use.

One of the requirements of the materials used in
contact with food is a high resistance to oxidation, in
order to give a real protection against oxygen to food-
stuff. Therefore, compounds with antioxidant charac-
ter should be added to polymers used in food packag-
ing. Traditional antioxidants are synthetic com-
pounds, mainly phenol derivatives, and in some cases
they may change organoleptic food quality and even
promote toxicity in case they migrate [1]. The use of
natural antioxidants is encouraged in these materials
by their similar stabilization properties as well as their
non-toxic character. a-tocopherol is a compound with
very low toxicity and no harmful effects to foodstuff.
The bioactive form of vitamin E, a-tocopherol, was
shown to be extremely effective antioxidant for plas-
tics and rubbers, e.g. melt processing conditions in
polyolefins [2—4], under long term storage conditions
in polybutadiene [5] and fatiguing conditions in natu-
ral rubber [5]. It has been stated that the concentration
of a-tocopherol needed to yield an efficient stabiliza-
tion of polymers is very low [6], even at a lower level
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than the stabilization afforded by some of the best
synthetic hindered phenol antioxidants. Although
some amount of stabilizer is consumed during pro-
cessing, a significant amount may remain in the final
material. There are other natural compounds, such as
carvacrol [7], thymol, carnosic acid [8], which are
known to exhibit antioxidant activity.

Thermal degradation is responsible of serious
damage to many polymeric materials during process-
ing and use under high temperature conditions.
Therefore, an accurate control of the processing and
working conditions of any polymeric system is very
important to get a material with good properties and
no degradation. Furthermore, a kinetic study of ther-
mal degradation provides useful information for the
optimization of the polymer processing [9-11].

Dynamic thermogravimetric analysis (TG) has
shown good potential to study the thermal decompo-
sition of polymeric materials [12, 13]. One of its main
advantages is the high reproducibility of results in dy-
namic mode that assures the calculation of precise ki-
netic parameters. However, classical kinetic methods
are being questioned during the last years [14, 15] as
it should be considered that the proposed models are
generally based on over-simplifications of the chemi-
cal reactions involved in the degradation, especially
the absence of oxygen [11].

A lot of efforts have been dedicated to the com-
putation of the apparent activation energy of the ther-
mal degradation of polymers, and some reported ap-
proaches have become a classic in the scientific litera-
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Table 1 Summary of the three approaches used for the determination of the apparent activation energy of the thermal degrada-

tion of polymers

Method Equation Plot
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p

ture. The main parameters of the kinetic methods used
in this work [16—18] are summarized in Table 1 and
will be used in this research to analyze the degrada-
tion behavior of UHMWPE stabilized with different
antioxidants. In the present work the following sym-
bols are used: Apparent activation energy, E,
(kJ mol™); pre-exponential factor, 4 (min"); reaction
orders, n and m; gas constant, R (8.31J mol ™! K*'); ab-
solute temperature, 7' (K); time, ¢ (min); degree of
conversion, o, and heating rate, p (K min ™).

It should be noticed that some of these ap-
proaches do not require the specification of the partic-
ular kinetic model for the computation of £,.

In the present work the study of the thermal deg-
radation of UHMWPE and the influence of the addi-
tion of natural and synthetic antioxidants has been
carried out with comparison of thermal behavior of
the non stabilized polymer.

Experimental

Materials and sample preparation

UHMWPE (ALCUDIA® C-200RB, Repsol YPF,
Spain) was used for the preparation of samples. Each
of them consisted of 2 kg (approximately) of
UHMWPE mixed with different antioxidants: (%)
a-tocopherol 95% (Sigma-Aldrich Quimica, Spain)
in four concentrations 0.1, 0.3, 1 and 2% in mass;
carvacrol, 98% (Sigma-Aldrich Quimica, Spain) 1
and 2% in mass; octadecile 3-(3,5-di-tert-butyl-
hydroxyphenyl)-propionate (Irganox 1076, Ciba Spe-
cialty Inc.) 1 mass% and 2,6-di-fert-butyl-4-
methylphenol (BHT, Sigma-Aldrich Quimica, Spain)
1 mass% in separate samples. In addition, a control
sample (pure UHMWPE) without the addition of any
amount of antioxidant was also prepared. The natural
antioxidants were dissolved in ethanol (Merk KgaA,
Germany) before their addition to the polymer.
Polymer and additives were mixed in an orbital
mixer during 20 min. Then, each mixture was ex-
truded in a twin-screw extruder operated at 25 and
22 rpm at feeding (MD 30 Bausano, Italy) with seven
temperature zones. These temperatures were set at
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120/130/150/150/155/160/160°C. After the extrusion
process, the samples were pelletized and thermally
analyzed.

Thermogravimetric analysis

Dynamic degradation measurements were carried out
using a Mettler Toledo TGA/SDTA 851 instrument
(Schwarzenbach, Switzerland). Dynamic tests were
run at different heating rates, i.e. 2, 5, 10, 15, and
30°C min ', from 30 to 700°C. Each test was carried
out in nitrogen environment (flow rate 30 mL min ")
to guarantee the constancy of atmosphere for the
whole test. Samples were accurately weighed, (be-
tween 5 and 6 mg), in a standard aluminum pan with-
out any previous treatment.

Results and discussion

Thermal degradation of UHMWPE stabilized with
a-tocopherol

TG data for all samples were obtained in the standard
form of mass loss percentage as well as their deriva-
tives as a function of temperature. One example (for
the sample with 0.3 mass% a-tocopherol) is shown in
Fig. 1 for all heating rates. As expected, the shape of
curves is quite similar and the TG curves are shifted
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Fig. 1 TG and DTG curves for UHMWDPE-a-tocopherol
(0.3 mass%)
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to higher temperatures at higher heating rates.
The temperature for maximum degradation in each
test can be easily calculated from TG curves. The
thermal degradation of all stabilized and non stabi-
lized samples appear to be a one-step reaction repre-
sented by a single peak as usual in all polyethylenes.

The calculation of kinetic parameters for the ther-
mal degradation was carried out by using two mathe-
matical methods previously indicated (Table 1). Fig-
ure 2a shows the results for the application of the
isoconversional Friedman method to UHMWDPE-
-a-tocopherol (0.3 mass%). A similar plot was obtained
by application of the Flynn-Wall method (Fig. 2b).

The linearity of these plots (#*>0.99) for every
single value of a from 0.1 to 0.9, obtained from dy-
namic tests at different heating rates, suggests the va-
lidity of both approaches for the whole range of tem-
peratures (30—700°C) used in this study. It is to note
that both methods can be applied from the very begin-
ning to the end of the conversion degree range. This is
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remarkable and caused by the high homogeneity of
samples, indicating that the processing method was
adequate for this kind of samples.

The reason of the selection of isoconversional
Friedman method is the lower amount of simplifica-
tions and assumptions from the basic kinetic equation
to allow the calculation of the apparent activation en-
ergy as a function of the reaction degree [16].

Similar plots can be obtained for all samples in-
cluding non-stabilized UHMWPE and, consequently,
E, values can be calculated for each conversion de-
gree between a=0.1 and a=0.9. The average value for
E, after the application of the two kinetic methods
used in this work was calculated and the results ob-
tained are shown in Table 2. As we could see, the ob-
tained value is higher in those samples stabilized with
a-tocopherol but only after the addition of concentra-
tions 0.3 mass% or higher. Those samples stabilized
with oa-tocopherol 0.1 mass% did not show signifi-
cant changes in £, value. Moreover, it can be ob-
served that there are not apparent differences in E,
values after the addition of a-tocopherol 0.3, 1 and
2 mass%. This is very important from the practical
point of view, as it seems that the maximum stabiliza-
tion from the addition of a-tocopherol is obtained at
concentrations as low as 0.3 mass% without any fur-
ther improvement after the addition of higher
amounts of antioxidant. This will result in a save of
antioxidant (and consequently of money) for those
formulations of UHMWPE stabilized with
a-tocopherol.

Table 2 Apparent activation energies for the thermal degra-
dation of the non-stabilized and a-tocopherol-stabi-
lized materials

E,/k] mol!

Material

Friedman Flynn-Wall
Non-stabilized 237.0+4.0 234.548.9
a-tocopherol 0.1% 224.6+17.2 209.6+14.2
a-tocopherol 0.3% 260.9+8.2 273.6£3.5
a-tocopherol 1% 264.7+5.9 279.3+5.1
o-tocopherol 2% 255.3%£13.9 274.245.4

Thermal degradation of carvacrol stabilized
UHMWPE

Dynamic TG curves at different heating rates of sam-
ples stabilized with carvacrol (1 and 2% in mass)
show no significant differences with those samples
stabilized with a-tocopherol, with a one-step degra-
dation process observed for all samples.

A kinetic study was also performed for these
samples, as indicated in the previous section. Table 3
shows the E, values for carvacrol-stabilized and
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Table 3 Apparent activation energies for the thermal degra-
dation of the non-stabilized and carvacrol-stabilized

materials
E,/kJ mol™
Material
Friedman Flynn-Wall
Non-stabilized 237.0+4.0 234.548.9
Carvacrol 1% 242.7+14.3 244.8+10.5
Carvacrol 2% 263.1+4.8 258.0+12.2

non-stabilized UHMWPE. It can be observed that in
general, carvacrol can be also considered an adequate
stabilizer for UHMWPE as the apparent activation
energies for stabilized samples are higher than their
value for the non-stabilized sample. However, it must
be noted that the amount of carvacrol needed for an
efficient stabilization is higher than in the case of
a-tocopherol. Stabilization is clearly observed only at
concentrations as high as 2%. In addition, this antiox-
idant has the disadvantage of a very strong phenolic
smell, even after mixing with the polymer. This fact is
indicative of a certain release of antioxidant from the
material and the consequent loss of properties. This
leads to a clear drawback for its use as stabilizer of
food contact materials. In summary, there are eco-
nomical and sanitary reasons to consider o-toco-
pherol a better antioxidant for all food packaging ap-
plications.

Comparison between samples stabilized with natural
and synthetic antioxidants

The real performance of these natural antioxidants in
their use as thermal stabilizers for UHMWPE comes
from a comparison with samples formulated with syn-
thetic antioxidants usual in polymer industry and pre-
pared in the same way. A similar TG study was car-
ried out and curves showed the same one-step
degradation process as expected.

The value of the temperatures of maximum deg-
radation at different heating rates could be used to
evaluate the apparent activation energy by Kissinger
method. By using this method In(B/7, pz) vs. /T, is a
straight line with slope E,/R, where T}, is the tempera-
ture of maximun degradation. Table 4 shows the val-
ues of £, determined by Kissinger method.

Results observed with this method are in agree-
ment with those obtained with Friedman and
Flynn-Wall methods (Tables 2 and 3) showing the va-
lidity of this approach for these materials. We observed
that the addition of 0.1 mass% oa-tocopherol does not in-
crease the E, value. On the other hand, the addition of
just 0.3 mass% a-tocopherol seems to have a significant
influence on the stability of the system, without the ne-
cessity of higher concentrations (1 or 2 mass%). As re-
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Table 4 E, values obtained with Kissinger method

Sample E,/kJ mol™
Pure 234.6£18.6
a-tocopherol 0.1% 231.2+16.2
a-tocopherol 0.3% 272.7£3.3
a-tocopherol 1% 274.2421.9
a-tocopherol 2% 268.2+7.2
Carvacrol 1% 251.1+11.1
Carvacrol 2% 263.844.2
BHT 1% 263.54£7.9
Irganox 1076 1% 262.3£24.5

Table 5 Apparent activation energies for all samples calcu-
lated with Friedman method

Sample E,/kI mol™
Non-stabilized 237.0+4.0
a-tocopherol 1% 264.7£5.9
Carvacrol 1% 242.7+14.3
BHT 1% 263.242.0
Irganox 1076 1% 260.9+7.7

gards the carvacrol, we could see that high concentra-
tions of this antioxidant are necessary for an efficient
stabilization. We also observed that the stabilization ob-
tained with a-tocopherol is similar or higher than that
observed with synthetic antioxidants.

Table 5 summarizes the apparent activation energy
for samples stabilized with 1% in mass of all natural and
synthetic antioxidants. It could be seen that values ob-
tained by applying Friedman method are similar for all
samples, except in the case of 1 mass% carvacrol, which
is a bit lower and similar to the value obtained for the
non-stabilized sample. These results indicate that the de-
gree of stabilization of a-tocopherol in UHMWPE is at
least similar to stabilization obtained by the addition of
synthetic antioxidants, which are extensively used in
many applications with polyolefins. It must be also con-
sidered that our results are coincident with those re-
ported by Al-Malaika [3, 6] for the stabilization of
LDPE and PP with BHT and Irganox 1076. This is an
indication of the validity of our approach to determine
the thermal stabilization of UHMWPE with all antioxi-
dants used in the present work.

Conclusions
Thermal degradation of UHMWPE stabilized with
natural and synthetic antioxidants can be kinetically

described in terms of the apparent activation energy
(E,) by using Friedman, Flynn-Wall and Kissinger
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mathematical methods [19]. Results show that the ad-
dition of 0.3 mass% a-tocopherol yields a sufficient
stabilization of UHMWPE, very similar to the stabili-
zation obtained with higher amounts of antioxidant.
This will permit to conclude that amounts as low as
0.3 mass% are enough to get the maximum stabiliza-
tion for these samples. The addition of 0.1 mass%
o-tocopherol seems to have no influence in thermal
properties of the polymer. In addition, a visual inspec-
tion of samples with higher concentrations of
a-tocopherol indicated a change in the colour of sam-
ples, as described by Al-Malaika [20]. Therefore, the
recommended concentration of oa-tocopherol in
UHMWPE is 0.3 mass% with comparable results to
the addition of synthetic antioxidants (BHT and
Irganox 1076) at higher concentration. Carvacrol
seems to be a good antioxidant for UHMWPE at high
amounts but the high price and the eventual release of
the additive from samples makes it not useful for food
contact materials.

As a final conclusion, it is clear that a-tocopherol
is a good alternative to the addition of synthetic antioxi-
dants to polyolefins. However, in order to conclude if
this concentration is the optimum for its use in HDPE
for food packaging, other properties, such as degrada-
tion in an oxidative environment, pyrolysis, mechanical
tests and migration should be studied. These studies will
be carried out in the next future.

References

1 J. Garde, R. Catala and R. Gavara, J. Food Protection,
61 (1998) 1000.

2 S. Al-Malaika, H. Ashley and S. Issenhuth, J. Polym. Sci.
Part A: Polym. Chem., 32 (1994) 3099.

J. Therm. Anal. Cal., 87, 2007

3 S. Al-Malaika, C. Goodwin, S. Issenhuth and D. Burdick,
Polym. Degrad. Stab., 64 (2001) 145.
4 G. Litwinienko and M. Dabrowska, J. Therm. Anal. Cal.,
65 (2001) 411.
5 a-tocopherol-stabilized styrene/butadiene block copoly -
mers. United States Patent 5877242 (1999).
6 S. Al-Malaika and S. Issenhuth, Polym. Degrad. Stab.,
73 (2001) 491.
7 G. Ruberto, T. Baratta and M. Sari, Flavour and
Fragrance J., 17 (2002) 251.
8 A. Hopia, S-W Huang, K. Schawarz, J. B. German and
E. N. Frankel, J. Agric. Food Chem., 44 (1996) 2030.
9 H. H. G. Jellinek (Ed.), Aspects of degradation and stabili-
zation of polymers. Elsevier, New York 1978.
10 N. Grassie (Ed.), Development in polymer degradation-7,
Elsevier, London 1987.
11 R. Navarro, L. Torre, J. M. Kenny and A. Jiménez, Polym.
Degrad. Stab., 82 (2003) 279.
12 P. Simon, J. Therm. Anal. Cal., 84 (2006) 727.
13 L. T. Vlaev, V. G. Georgieva and S. D. Genieva, J. Therm.
Anal. Cal., 83 (2006) 421.
14 L. A. Pérez-Maqueda, P. E. Sanchez-Jiménez and
J. M. Criado, Polymer, 46 (2005) 2950.
15 P. Budrugeac, Polym. Degrad. Stab., 89 (2005) 265.
16 H. L. Friedman, J. Polym. Sci. Part C, 6 (1964) 183.
17 J. H. Flynn and L. A. Wall, J. Polym. Sci. Part B,
4 (1966) 323.
18 H. E. Kissinger, Anal. Chem., 29 (1957) 1702.
19 L. Nufez-Regueira, M. Villanueva and I. Fraga-Rivas,
J. Therm. Anal. Cal., 83 (2006) 727.
20 S. Al-Malaika and S. Issenhuth, Polym. Degrad. Stab.,
65 (1999) 143.

Received: November 28, 2005
Accepted: November 8, 2006

DOI: 10.1007/s10973-006-7453-1

497




<<
  /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
  /CreateJDFFile false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


