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Abstract Degradation behaviors of amino-group-modi-
fied polydimethylsiloxane (APS) under nitrogen and air
atmosphere were studied by thermogravimetric analysis,
pyrolysis—gas chromatography-mass spectrometry, and
infrared spectroscopy, and the effect of amino-group con-
tent on the thermal stability of the tested APS was inves-
tigated. Results showed that the existence of amino-group
in APS molecule decreased its thermal stability, and the
degradation behavior and mechanism of APS in nitrogen
and air atmosphere were different.
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Introduction

Amino-group-modified polydimethylsiloxane (PDMS) is a
kind of important silicone oil commonly used on chemical
fiber and textile industry. Especially, in the production
process of commercial carbon fibers, amino-group-modified
PDMS (APS) is commonly used as a protective finish for
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polyacrylonitrile (PAN) precursor fibers [1-3]. To convert
into carbon filaments, the PAN precursor need to be heated
under an oxidative atmosphere of a temperature of
200-400 °C first, and then heated under an inert atmosphere
of a temperature of at least 1000 °C. In order to obtain high
performance product, it is tried to set to a high tension or to a
high draw ratio in these processes. However, at that time, the
monofilaments may fusion-bond with each other to impair
the quality and appearance. The APS oil agent can effec-
tively prevent this problem, and this results in a signifi-
cantly improve of the tensile strength of the final product.
Since APS plays an important role in this high tempera-
ture processes, it seemed pertinent to clarify its thermal
properties.

The high temperature stability and the degradation
mechanism of polysilocaxanes have been widely investi-
gated in the past decades. Thermal property of PDMS has
attracted much attention due to its basic position in this
group of material [4-8]. It is well known that thermal
degradation of PDMS in inert atmosphere results in
depolymerization at 400—650 °C to produce cyclic oligo-
mers [4, 5], while in oxidative atmosphere the depoly-
merization products are silica and small molecule like
carbon monoxide, water, carbon dioxide, formaldehyde,
and methanol [7]. Thermal properties of PDMS with dif-
ferent substituent groups, such as aromatic rings, carbon-
hydrates, and some other groups, were also studied [9-12].
Dvornic [13] reported a systematic review of the studies
about this subject. However, literature about thermal
properties of PDMS modified by amino-group was not
founded.

Thus, this article aims to investigate the thermal prop-
erties of APS. In this study, the studies of the effects of
amino-group content and the degradation behavior and
mechanisms under different atmospheres are presented.
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Fig. 1 Equilibration reaction CH;

scheme for the preparation |

of APS { Si—O 1‘ +
| 4
CH,4

Experimental

Materials

PDMS (analysis purity, molecular mass: 12000-15000),
N-(2-aminoethy)-3-aminopropylmethy-dimethoxysilane
(98%), hexamethyldisiloxane (98%), and octamethylcy-
clotetrasiloxane (98%) were all obtained from Alfa Aesar,
China. Tetramethylammonium hydroxide (TMAH) (analysis
purity) as catalyst was purchased from Tianda chemical
reagent factory. All of them were used as-received.

Preparation of APS

The polymerization reaction was carried out in a three-
necked flask equipped with a thermometer, a reflux
condenser, and a stirrer. Octamethylcyclotetrasiloxane,
hexamethyldisiloxane, and N-(2-aminoethy)-3-aminopro-
pylmethy-dimethoxysilane were placed into the flask and
thermostated in an oil bath until constant temperature was set
up. Then the catalyst, TMAH solution was introduced. After
the reaction was over, the small molecule substances
including residual reactants and water were eliminated
through vacuum distillation. The scheme of the polymeri-
zation is shown in Fig. 1.

Characterization of APS

The intrinsic viscosity ([#]) was measured with a ubbelohde
viscometer. The viscosity-average molecular mass (M,) of
the polymer was calculated using the following equation:

[n] = K(M,)" (1)
where K and ochas a value of 2 x 10™*and 0.66, respectively
[14].

The APS amino value was estimated by chemical titra-

tion, of which the details are available elsewhere [15]. Some

necessary information of the APS sample was shown in
Table 1.

Table 1 Some details of APS sample

Sample no. Amine value/mmol g~ Mean yield/% M,

S 0.19 96 11986
S, 0.31 92 10264
S3 0.43 91 12247

@ Springer
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Thermal analysis

Thermogravimetry (TG) analysis for the APS samples was
performed on a NETZSCH STA 409 PC/PG thermoana-
lyzer with a heating rate of 5 °C min~' and continuously
flowing nitrogen or air (60 mL min™").

Infrared measurement

The residues from 200, 400, and 600 °C in both air and
nitrogen were finely grounded with KBr, pellets were pres-
sed for infrared (IR) studies on a Nicolet Magna 550 II
Fourier transform IR spectrometer.

Pyrolysis—gas chromatography—mass spectrometry
measurement

The pyrolysis—gas chromatography—mass spectrometry
(PY-GC-MS) measurement system was used to analyze the
volatile degradation products of APS. In this system, a CDS-
5000 pyrolyser was directly coupled with a Agilent 6890N/
5975GC-MS instrument. The sample was introduced into
the pyrolyser and heated at 10 °C min~' to 500 °C and kept
at this temperature for 10 min, with the flow of helium or air
gas (50 mL min ).

Elemental analysis

The composition of the solid degradation residues of APS
was analyzed by Vario EL III elemental analyzer. The
contents of carbon, hydrogen, and oxygen can be directly
determined, and the residual mass was assumed to be silicon.

Results and discussion

Effect of amino-group content in APS molecule
on its thermal degradation

The effect of amino-group content in the APS molecule on
its thermal degradation behavior was studied, as shown in
Fig. 2 and Table 2. It can be seen that the temperature of
APS on every characteristic mass loss point is lower than
PDMS, especially at the early stage of the degradation. For
example, the onset degradation temperature of PDMS is
about 361 °C, and it is lower than 265 °C of APS; while the
temperature for 20% mass loss (°C) are 430 °C and lower
than 390 °C, respectively. Furthermore, there is an obvious
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Fig. 2 TG curves of APS sample with different amino value:
(a) PDMS; (b) S1; (¢) Sy (d) S3

Table 2 TG data of APS with different amino-group content

Sample Temperature Temperature = Temperature Final
of degradation for 5% mass for 20% mass  residue/
onset/°C loss/°C loss/°C %

PDMS 361 393 430 0.25

N 263 319 390 0.20

S, 254 308 376 0.21

S3 249 299 359 0.28

change tendency that characteristic mass loss temperature
decreased with increasing amino value. The final mass loss
of both PDMS and APS was close to 100%. This means that
the existence of amino-group significantly decreased the
thermal stability of APS, compared with PDMS.

Thermal degradation behavior of APS

Figure 3 shows TG curves obtained in nitrogen and air
atmosphere for APS S; sample. As can be seen, there is an
obvious difference between the two curves on the final mass

100 A
80

60 1

Mass/%

40

b in air atmosphere
20

a in N, atmosphere

T T T T T T T
100 200 300 400 500 600 700
Temparature/°C

Fig. 3 TG curves of APS S; sample

loss. The residue left at 650 °C in air atmosphere is fine white
powder which is around the average 18%, varying by £5%,
while in nitrogen condition, the sample almost lost all of its
mass, the residue is less than 0.2% and there is no infusible
residue left.

The mass percentage of elements contained in the final
white residue under air atmosphere was analyzed. The result
and the calculated empirical formula were shown in Table 3.
There is neither N nor C element in the residue, and
according to the empirical formula, it seems reasonable to
consider the residue as silica with some Si—OH group.

Figure 4 shows the IR spectra of sample of APS
and its degradation residues at different conditions. It
shows four groups of middle and strong absorption
bands at 2963-2905 cm~' (vep), 1261 cm™! (3c m,).

Table 3 Elemental analysis of the final thermo-oxidative degradation
residue of APS

H/% O/% Si/% Empirical formula

0.18 53.68 46.16 Ho 0555102035

4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm™"
Fig. 4 IR spectra of APS sample (A) and its degradation residues at

200 °C in air (B), 500 °C in air (C), 200 °C in nitrogen (D), 500 °C in
nitrogen (E)

Time/min

Fig. 5 Pyrograms of the S; sample obtained at 500 °C(He)
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Table 4 Assignment of GC main peaks of S; thermal degradation
products of Fig. 5

Peak no. Compound

Cyclotrisiloxane, hexamethyl
Cyclotetrasiloxane, octamethyl
Cyclopentasiloxane, decamethyl
Cyclohexasiloxane, dodecamethyl
Cycloheptasiloxane, tetradecamethy
Cyclooctasiloxane, hexadecamethyl
Cyclononasiloxane, octadecamethyl

Cyclodecasiloxane, eicosamethyl

O 0 N O B W N =

Cycloundecasiloxane, docosamethyl

(=)

Cyclododecasiloxane, tetracosamethyl

—

Cyclotresdecasiloxane, esacosamethyl

4

5 7
6 8 9 "
10 11 12
2 14
} [ U O I

0 5 10 15 20 25 30
Time/min

Fig. 6 Pyrograms of the S; sample obtained at 500 °C (air)

Table 5 Assignment of GC main peaks of S; thermal degradation
products of Fig. 6

Peak no. compound
1 Nitrogen

Carbon monoxide
2 1,2-Ethanediamine, N-methyl
3 Triethylamine

1-Propanamine, N-(1-methylethyl)
4 Cyclotrisiloxane, hexamethyl
5 Cyclotetrasiloxane, octamethyl
6 Cyclopentasiloxane, decamethyl
7 Cyclohexasiloxane, dodecamethyl
8 Cycloheptasiloxane, tetradecamethy
9 Cyclooctasiloxane, hexadecamethyl
10 Cyclononasiloxane, octadecamethyl
11 Cyclodecasiloxane, eicosamethyl
12 Cycloundecasiloxane, docosamethyl
13 Cyclododecasiloxane, tetracosamethyl
14 Cyclotresdecasiloxane, esacosamethyl

Fig. 7 Thermal degradation
mechanism of PDMS in
nitrogen
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Fig. 8 A thermal degradation mechanism of APS in nitrogen

1104-1010 cm™" (s, vsi_o), and 799 cm™'(s, vsi_c) in the
spectra of APS, indicating Si—-CHj;, Si—O, —CHj; functional
groups in the molecule of APS [16]. The band from CHj;
located at 2963-2905 and 1261 cm ™' became much weaker
after treated at 500 °C than at 200 °C in air, while there was
almost no change in nitrogen atmosphere. This implies that
when the decomposition reaction of APS happens in air, CH;
group on the side chain takes part in the reaction; whereas in
nitrogen, CH; group is almost not involved in the reaction. In
other words, the mechanism of APS degradation in air and
nitrogen is different.

Figure 5 and Table 4 show the results of PY-GC-MS
test of the S; sample at 500 °C in high purity helium
atmosphere. The products are cyclic oligomers arrange
from D5 to D3, whose yield tends to decrease as the degree
of polymerization increase. Compound with amino-group
is not detected; this may be due to the small amine value of
the sample. This result is very close to that obtained from
the test of PDMS [8].

Figure 6 and Table 5 show the results of PY-GC test of
the S; sample at 500 °C in air atmosphere. It is noticeable
that all the products of APS thermal degradation shown in
Table 4 are also appeared in Table 5, but besides these
cyclic oligomers, the products in air also include nitrogen,
carbon monoxide (peak no. 1), and small amount of amine
(peak no. 2 and 3). These products indicate that the oxidation
takes place in the side chain when APS decomposes in air.
According to literature, oxidation takes place by reaction in
the gas phase between oxygen and volatile oligomers formed
by thermal degradation; this may explain that why thermal
degradation products also appear when the sample decom-
poses in air atmosphere.

NN o

Si—CHs
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Fig. 9 Thermal oxidative
degradation of amino-group in
APS

Mechanism of APS degradation

In early studies, it has been found that the degradation
process of PDMS under inert and oxidative atmosphere
was quite different [4—8]. For APS studied in this article, as
discussed above, the differences between intermediate and
final product of the degradation under nitrogen and air
atmosphere suggest that the mechanisms in the two con-
ditions are different too.

Mechanism of APS thermal degradation in nitrogen

Many earlier works have studied the mechanism of thermal
degradation of PDMS. Theoretically, the thermally weakest
bond in PDMS is the C-Si bond (with bond energy of
78 kcal mol_l). However, the decomposition of PDMS
under no air atmosphere firstly occurred at Si—O bond (with
bond energy of 108 kcal mol™") instead. A widely accepted
thermal degradation of PDMS proceeds by the depolymer-
ization reaction shown in Fig. 7. In the scheme, the small ring
has a polymerization degree of 3, actually, it may up to 13 or
even higher [8]. The driving force is the higher thermody-
namic stability of the small rings relative to that of the
long open-chain linear macromolecules at degradation tem-
peratures. Because of the pronounced polarity of the Si—O
linkage and flexibility of the —(Si—O),— segments, this reac-
tion can take place either intramolecularly within a single
polymer molecule, or intermolecularly between two adjacent
macromolecules [13].

As mentioned above, comparing with PDMS, the thermal
stability of APS is weaker than PDMS, this implies that the
amino-group can promote or catalyze the degradation pro-
cess of APS. Therefore, there must be another mechanism
besides the one showed in Fig. 7. According to the study of
Lweis [6], the ionic or polar impurities in PDMS may induce
nucleophilic cleavage of Si—O bonds, initiating the degra-
dation of PDMS at relative lower temperature. As for APS
with amino-group in side chain, a mechanism shown in Fig. 8
is proposed. In this process, the splitting of the main chain
Si—O bonds is initiated by the electron transfer between
nitrogen atom in the amino-group and Si—O bond in the main
chain. In other words, the amino-group acts as catalyst in the
degradation of APS. This result in lower activation energy of
degradation than non-catalyzed reaction, and this is why the
degradation of APS begins at a much lower temperature than
PDMS. The products in the degradation process are mixture
of cyclic oligomers from trimer upwards, so there were few
infusible residues in the experiment.

awn Si— (CHy);NH(CH,),NH; — 3 e Si-OH + CHNCH,CH,

N(CH)3
0, 0,

— 3 5i0,C0,C0,H,0N,

CH;CH,CH,NH,

Mechanism of APS thermal degradation in air

It has been studied that when subjected to heat in the
presence of air, PDMS exhibits a marked tendency toward
oxidation which eventually leads to the formation of pure
silica [7, 13]. The PDMS degrades and forms volatile
oligomers at first, then these oligomers react with oxygen,
results in complete oxidation to H,O, CO,, and SiO, [8].

According to our results in this study, PY-GC test
shows the existence of cyclic oligomers and amine, IR test
implies that oxidation takes place in side-chain and element
analysis proves the producing of silica, it seems reasonable
to deduce that the thermo-oxidative degradation process of
APS is similar to that of PDMS. The amino-group part in
the side-chain may react as shown in Fig. 9.

Conclusions

Degradation of APS in nitrogen and air atmosphere is a
different process. In nitrogen, the decomposition occurs at
Si—O bond, forms cyclic oligomers and leaves no infusible
residues, whereas in air the decomposition occurs mainly at
side-chain, produces residue of silica with a mass ratio of
about 18%. The existence of amino group decreases the
thermal stability of APS compared to PDMS.

References

1. Fumihiko T, Katsumi Y. Oil agent for carbon fiber precursor. JP
patent 2005264361; 2005.

2. Kozo M, Takahiro O, Yoshitaka K. Carbon fiber precursor acrylic
fiber and method for producing the same and oil agent compo-
sition. JP patent 2002266239; 2002.

3. Jin DB, Huang Y, Liu XL, Yu YZ. The influences of silicone
finishes on thermooxidative stabilization of PAN precursor fibers.
J Mater Sci. 2004;39:3365-8.

4. Thomas TH, Kendrick TC. Thermal analysis of poly-
dimethylsiloxanes. I. Thermal degradation in controlled atmo-
spheres. J Polym Sci. 1969;7:537-49.

5. Grassie N, Macfarlane 1G. The thermal degradation of poly-
siloxanes—I. Poly(dimethylsiloxane). Eur Polym J. 1978;14:
875-84.

6. Lewis CW. The pyrolysis of dimethylpolysiloxanes. J Polym Sci.
1958;33:153-9.

7. Camino G, Lomakin SM, Lageard M. Polydimethylsiloxane
thermal degradation, Part 1. Kinetic aspects. Polymer. 2001;42:
2395-402.

8. Camino G, Lomakin SM, Lageard M. Thermal
dimethylsiloxane degradation. Polymer. 2002;43:2011-5.

poly-

@ Springer



716

S. Zhang, H. Wang

9. Budrugeac P, Racles C, Cozan V, Cazacu M. Thermal and
thermo-oxidative stabilities of some poly(siloxane-azomethine)s.
J Therm Anal Calorim. 2008;92:263-9.

10. Deshpande G, Rezac ME. The effect of phenyl content on the
degradation of poly(dimethyl diphenyl) siloxane copolymers.
Polym Degrad Stab. 2001;74:363-70.

11. Jonas G, Stadler R. Polysiloxanes with statistically distributed
glucose and galactose 1. Synthesis and thermal characterization,
Makromol. Chem Rapid Commun. 1991;12:625-32.

12. Zhou W, Yang H, Guo X, Lu J. Thermal degradation behaviors of
some branched and linear polysiloxanes. Polym Degrad Stab.
2006;91:1471-5.

@ Springer

13.

14.

15.

16.

Dvornic PR. Thermal properties of polysiloxanes. In: Jones RG,
Ando W, Chojnowski J, editors. Silicon containing polymers.
Dordrecht, The Netherlands: Kluwer Academic Publishers; 2000.
Barry J. Viscometric investigation of dimethylsiloxane polymer.
J Appl Phys. 1946;17:1020-4.

Manoj PA, Ulhas KK, Harshada PL, Prasad BK. Gas permeation
in amine functionalized silicon rubber membranes. Sep Purif
Technol. 2007;57:304—13.

Xu'Y, Yin H, Yuan S, Chen Z. Film morphology and orientation
of amino silicone adsorbed onto cellulose substrate. Appl Surf
Sci. 2009;255:8435-42.



	Thermal degradation of amino-group-modified polydimethylsiloxane
	Abstract
	Introduction
	Experimental
	Materials
	Preparation of APS
	Characterization of APS
	Thermal analysis
	Infrared measurement
	Pyrolysis--gas chromatography--mass spectrometry measurement
	Elemental analysis

	Results and discussion
	Effect of amino-group content in APS molecule on its thermal degradation
	Thermal degradation behavior of APS
	Mechanism of APS degradation
	Mechanism of APS thermal degradation in nitrogen
	Mechanism of APS thermal degradation in air

	Conclusions
	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


