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/ In this paper, the technology for obtaining \
polypropylene (PP) based composite materials reinforced
with functionalized glass fibers (GF) is described. In the first
step, glass fibers were functionalized by
hydrolysis/condensation with (3-aminopropyl)
trimethoxysilane as functionalization agent and in the
second step, these materials were compounded at 180°C in a
Brabender mixer with isotactic polypropylene. The obtained
composites were morphologically and structurally
characterized by X vray diffraction (XRD), infrared
spectroscopy (FT-IR), and scanning electron microscopy
(SEM). Based on the obtained results it can be concluded
that GF functionalization leads to a better glass fiber -
polymer interaction, GF being covered by an intimate PP

N Y,

/ in aceastd lucrare, este descrisd tehnologh\
obtinere a unor compozite pe baza de polipropilena armate
cu fibre de sticld (FS) functionalizate. In prima etapd, fibrele
de sticla au fost functionalizate prin hidroliza / condensare
cu (3-aminopropil)  trimetoxisilan ca agent de
functionalizare si apoi, in etapa a doua, aceste materiale au
fost amestecate intr-un malaxor Brabender la 180°C cu
polipropilena izotactica. Compozitele obtinute au fost
caracterizate din punct de vedere morfologic si structural
prin difractie de raze X, spectroscopie in infrarosu si
microscopie electronica de baleiaj. Pe baza rezultatelor
obtinute se poate concluziona ca functionalizarea fibrelor
de sticla duce la o mai buna interactiune fibra de sticla -
polimer, fibrele de sticla fiind acoperite de un film de

polipropilena - PP.
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1. Introduction

Polymer composites reinforced with glass
fibers are extensively used in many industrial
applications because of their very good ratio
between properties and costs [1]. The adhesion of
the GF and polymer is usually poor, especially
when aliphatic polymers are used. In order to
improve the properties of the composite materials
(especially the mechanical properties) the adhesion
between the two phases must be improved. Based
on the literature data, there are two chemical ways
to improve the adhesion of the phases. In the first
one, the surface of the GF can be modified with an
organic agent that has a better compatibility with
the polymer. In the second one, the polymer can be
modified with proper agents. Table 1 present the
most used agents used for GF functionalization.

Usually, the polymeric substrates are
functionalized by grafting them with isocyanides,
anhydrides and silanes [4,5] while the
compatibilizing agents used for some of the most
important polymers (PP, PE and PVC) are
presented in Table 2. The silanisation is often used
for the functionalization of a wide range of material
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surfaces, from glass to ceramics such as GF, silica,
alumina, hydroxyapatite, etc [6-14].

The compatibility of the two phases can be
done by functionalizing at least one component, the
introduced groups being responsible for the better
interaction. The aim of this work was to modify the
surface of glass fibers in order to improve their
compatibility with isotactic polypropylene. For this
purpose, glass fibers were functionalized with

(3-aminopropyl)trimethoxysilane and further
compounded with isotactic polypropylene.
2. Experimental

(3-Aminopropyl)trimethoxysilane (APTMS

97%, Sigma-Aldrich), isotactic polypropylene (PP
Impact copolimer TIPPLEN K 948, Tiszai Vegyi
Kombinat RT (TVK), Hungary) and borosilicate
glass fibers E (L=4.5mm, d=13pum, Camelyaf Glass
Fiber, Turkey) were used without any more
purification.

The functionalization was done by spraying
an acidic aqueous solution of APTMS (5%) onto
the glass fibers and drying them at room
temperature for 24h followed by drying at 80°C,
overnight. The amount of used APTMS was 5%
(w/w) relative to glass fibers.
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Polymer Compatibilizer agent (examples)
Polypropylene polypropylene grafted with maleic anhydride [15]
polypropylene grafted with itaconic acid derivatives [16]
maleic anhydride grafted polyethylene-octene elastomer [17]
Polyethylene maleic anhydride - grafted polyethylene [18,19]
acrylic acid - grafted polyethylene [19]
glycidyl methacrylate - grafted polyethylene [19]
itaconic acid - grafted polyethylene [19]
oxazoline grafted polyethylene [20]
PVC poly[methylene (polyphenyl isocyanate)] [4]

toluene 2,4-diisocyanate [4]
hexamethylene diisocyanate [4]
ethyl isocyanate [4]
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Table 1
Functionalization agents for GF / Agenti de functionalizare pentru FS
Functionalization agent Ref.
Non- Alkyltrimethoxysilane (methyl, ethyl, propyl, ...) [2]
functional Phenyltrimethoxysilane
Simple Silane Dimethyldichlorosilane
Phenyltrichlorosilane
Functional Vinyltrimethoxysilane [2,3]
Simple Silane | Cyanoethyltrimethoxysilane
3-aminopropyl triethoxy silane - APTES
3-aminopropyl trimethoxy silane - APTMS
Chloropropyltrimethoxysilane
Mercaptopropyltrimethoxysilane
Glycidoxypropyltrimethoxysilane
y-methacryloxypropyltrimethoxysilane
Functional NH—CH—CH=—NH [3]
Dipodal Silane /Nli / 272 N6H
S .
CH
(|3H2 C|)H2 C|3H2 | 2
CH
?HZ THz (|:H2 | 2
. : ; Si(OCH
(CH,0);Si Si(OCH,), (CH;0);Si (OCH);
SIB1833.0 SIB1834.0
q S_S\CH
(|3H2 2 (EtO),Si H
o >=_
C|3H2 | 2 H Si(OEt),
(|3H2 (|:H2
(CH,0):Si Si(OCH,), SB1820.0
SIB1824.6
Non- [3]
Functional
Dipodal Silane (CH,0),8i—CH;CH;—Si(OCH.,),
SIB1817.0
CH CH CH CH Si(OCH,)
Pl B el N e A Bl
(CH0)Si "CH, "CH, “CH, ~CH, o
SIB1824.0
(CH,0)Si—CH;~CH, | Si(OMe),
CH;~CH;Si(OCH,), Si(OMe),
S1B1829.0
SIB1831.0
Table 2
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Fig.1 - Glass fiber functionalization by using siloxanes/Fibre de sticld functionalizate cu siloxani.

Schematically, the glass fiber
functionalization is represented in Figure 1 and
consists in partial or full transformation of Si-OH
groups in Si-OR etheric groups [21].

Polymer  composites  reinforced  with
functionalized glass fibers were obtained in a
Plasti-corder Brabender by compounding 30g GF,
100g PP, 1g dioctyl phthalate and 5g CaCO; and
then further pressing the mixture at 175°C and
300kN. Once obtained, the samples were
morphologically and structurally characterized by
X-ray diffraction, Fourier transformed infrared
spectroscopy, and scanning electron microscopy.

The functionalization of GF was studied with
FTIR microscopy by using a Thermo iN10 MX FT-
IR microscope operated in reflection mode. All the
spectra were obtained in reflection mode, using a
cooled imaging detector (MCT Array), and by co-
adding 16 spectra at a spectral resolution of 8cm”
while the time of acquisition was 3 second/scan.
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X-ray diffraction analysis was performed
using a Shimadzu XRD 6000 diffractometer at
room temperature. In all the cases, Cu-K, radiation
from a Cu X-ray tube (ran at 15mA and 30 kV) was
used. The samples were scanned in the Bragg
angle, 26 range of 10 — 80°, with a sampling
interval of 0.02.

SEM images were recorded on a HITACHI
S2600N electron microscope coupled with an EDS
detector, on samples covered with a very thin
silver layer.

3. Results and discussion

3.1. X-ray diffraction

The XRD patterns of the obtained samples
(PP/GF and PP/GF-APTMS) are similar as shown
in Figure 2.

1000CPS

— PP-GF_30%

— PP-GF-APTMS_30%

2Theta

Fig. 2 - XRD patterns of PP/GF and PP/GF-APTMS / Difractogramele de raze X a materialelor PP/FS si PP/FS-APTMS.
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As expected all the samples exhibit the main
Roentgen interferences of isotactic PP (20 ~ 14,
16.8, 18.5, 21.1, 21.8, 24.3, 25.4, 28.6°) [22] while
the two samples containing calcium carbonate
exhibit also the main diffraction peaks of calcite
(ASTM 83-0578; 26~ 29.4, 304, 394, 43.2,
47.6,48.5°). We can expect three side reactions
that can lead to a modification of the XRD pattern
but, due to the low processing temperature, in
default of catalyst and the short processing time,
neither the isomerisation or oxidation of PP, nor the
calcite  decomposition is identifiable. The
crystallinity of the two samples seem not to be
influenced by the functionalization process.

The XRD pattern of PP is not altered due to
the compounding with GF or functionalized GF,
even at high content of GF (~30%). This can be
explained based on two facts: the low surface
content of GF (due to the large difference in
density between the GF and PP, the surface has a
low content of GF) and especially due to the
vitreous nature of GF (which induce low intensity
diffraction peaks).

3.2. Infrared spectroscopy

FTIR spectroscopy was done in order to
monitor the linkage of the coupling agent onto the
surface of glass fibers. The FTIR spectra of glass
fibers before and after the functionalization are
shown in Figure 3.

It can be clearly stated that the two bands
from ~2928 and 2857cm”" increase in intensity due
to the linkage of the aminopropyl group. This
bonding can be also proved based on the bands
from  1350-1460cm™ corresponding to the
scissoring and bending vibrations of the same
group. It is also worth to mention that the GF
functionalization can be also visualized in the
region corresponding to the stretching vibrations of

de compozite pe baza de polipropilena

Si-O-Si and especially based on the intensified
band from 1080, 1114 and 1174cm™. These bands
were revealed by subtracting the spectrum of the
GF from that of the GF-APTMS over the region of
interest. The broad band from ~3400cm™ is
assigned to the hydrogen bonds from GF-APTMS
[23]. The water absorption can be explained
especially due to the surface functionalization, the
presence of amino groups increasing the
hydrophilicity of the surface and consequently
leads to higher water content.

In the case of composite materials (Figure 4)
the characteristic bands of PP and can be easily
identified. The main absorption bands of PP as well
as their assignments are: 2950 (asymmetric CH;
stretching vibration), 2918 (asymmetric CH,
stretching vibration), 2867 (symmetric CHj; stretching
vibration), 2840 (symmetric CH, stretching vibration),
1455 (CH, scissor vibration), 1375 (symmetric CHs
deformation) and 716 cm™ (rocking vibrations of
methylene groups). The presence of the vibration
from 1166 cm™ is an indication of the presence of the
isopropyl group. The bands of GF and GF-APTMS
are difficult to identify, because these bands are of
low in intensity and the composite contain only 30%
GF and GF-APTMS, respectively. However, a more
detailed analysis of the spectra allows the
identification of the main characteristic absorption
bands of GF: such as asymmetric Si-O-Si stretching
vibrations (~1100cm™), symmetric Si-O-Si stretching
vibrations (~800cm™) or bending vibrations of O-Si-O
group (~470cm™) [24].

FTIR spectra are also important because
they can be used to analyse the stability of the
polypropylene. The lack of the main bands of
vibration of C-OH (especially the band from
~1110cm™) and COOH (~1715cm™) is a proof of the
fact that, no oxidation process occurred during the
preparation.
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Fig.3 - FTIR spectra of GF and GF-APTMS / Spectrele FTIR ale FS si FS-APTMS
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Fig. 4 - FTIR spectra of PP, PP/GF and PP/GF-APTMS / Spectrele FTIR ale PP, PP/FS si PP/FS-APTMS.
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Fig. 5 - SEM images of the PP/GF and PP/GF-APTMS samples (cross-section) / Imagini SEM (in sectiune) a probelor PP/FS si PP/FS
APTMS.
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Fig.6- ATD-TG curves of GF and GF-APTMS / Analizele ATD-TG a FS si FS-APTMS.
~5.8%. SEM images reveal that the

3.3. Scanning electron microscopy

SEM images were recorded in the fracture
region of the samples that were previously tested
from the mechanical point of view and are shown in
Figure 5.

At low magnification practically there are no
differences between the two SEM images. At higher
magpnification, the different adhesion between the GF
and PP could be observed. At 2500 or 5000x
magnification, even after the mechanical testing the
GF is still partially covered with PP which means a
better adherence between the phases.

3.4. Complex thermal analysis

Complex thermal analysis (Figure 6) was
recorded on both raw GF as well as on the APTMS
functionalised GF (GF-APTMS). Analysing the
thermo-gravimetric loss of the two samples it can
be concluded that the functionalization process led
to aminopropylsilane fixation on the GF, the weight
loss associated with the aminopropyl degradation
being ~5.8%.

4. Conclusion

The present work presents the preliminary
results in the field of polypropylene - glass fibers
compatibilization by using APTMS. The synthesis
of polypropylene based composites reinforced with
functionalized glass fibers was made in two steps.
In the first step, glass fibers were functionalized

through hydrolysis/condensation with
(3-aminopropyl) trimethoxysilane as a
functionalization agent and in the second step, the
fibers were compounded with isotactic

polypropylene. Polymer composites reinforced with
functionalized and un-functionalized glass fibers
(GF) were characterized by X-ray diffraction (XRD),
infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM) and thermal analysis (ATD-TG).
Based on the thermo-gravimetric losses the
functionalization degree can be estimated at

functionalization of the glass fibers allows a better
interaction between the phases, the fibers being
better covered with PP. Further works will be
devoted to determining the best compatibilization
way (perhaps both GF silanisation and PP grafting
with maleic anhydride will be studied). The
obtained materials are expected to exhibit higher
chemical and mechanical properties and will be
tested as a hot water distribution pipe, containers
and bottles for chemicals, battery cases etc.

Aknowledgements:

This research was financed through PN-II-PT-
PCCA-2011-3.2-1392 project: “Hybrid composite materials with
thermoplastic matrices doped with fibers and disperse
nanofillings for materials with special purposes”, supported by
Romanian Ministry of Education.

REFERENCES

1. M. Etcheverry and S.E. Barbosa; Glass Fiber Reinforced
Polypropylene Mechanical Properties Enhancement by
Adhesion Improvement; Materials 2012, 5, 1084.

2. S.-J. Park and J.-S. Jin; Effect of silane coupling agent on
mechanical interfacial properties of glass fiber-reinforced
unsaturated polyester composites; Journal of Polymer
Science Part B: Polymer Physics 2003, 41(1), 55.

3. B. Arkles. Silane Coupling Agents: Connecting Across
Boundaries v2.0. 2006 [cited; Available from:
http://www.gelest.com/goods/pdf/couplingagents.pdf

4. J.Z. Lu, Q. Wu and H.S. McNabb. A review of coupling
agents and treatments. Wood Fiber and Science 2000. p.
88.

5. D. Méanzu, L. Pasare, D. Rata, B.G. Albu, A. Ficai and C.
Guran; Synthesis and Characterization of the New Hybrid
Composite Membranes Based on the Organo-Substituted
Phosphazene and Sio2 Network; Revista Romana De
Materiale-Romanian Journal of Materials 2010, 40(1), 65.

6. C. Comanescu, P. Palade, D. Ficai and C. Guran; New
Mesoporous Materials Based on Functionalized Sba-15
with 3-Aminopropyl-Tri(M)Ethoxysilane; Revista Romana
De Materiale-Romanian Journal of Materials 2011, 41(2),
141.

7. D. Ficai, A. Ficai, M. Alexie, M. Maganu, C. Guran and E.
Andronescu; Fe;04/SiO,/JAPTMS Nanoparticles with Core-
Shell Structure as Potential Materials for Cooper Removal;
REV CHIM (Bucharest) 2011, 62(6), 622.




94

8.

10.

1.

12.

13.

14.

15.

M. Sonmez, D. Ficai, A. Ficai, L. Alexandrescu, G. Voicu, E. Andronescu / Functionalization of glass fibers for obtaining

D. Manzu, L. Paaare, D. Rata, B.G. Albu, A. Ficai and C.
Guran; Synthesis and characterization of the new hybrid
composite membranes based on the organo-substituted
phosphazene and SiO, network; Romanian Journal of
Materials 2010, 40(1), 65.

D. Manzu, F. Dumitru, A. Ficai, A. Razvan and C. Guran;
Organocyclophosphazenes/silica hybrid materials |.
Synthesis and characterization of siloxane monomers and
of cyclophosphazene/SiO, composites; Materiale Plastice
2010, 47(3), 292.

L.A.S.A. Prado, M. Sriyai, M. Ghislandi, A. Barros-
Timmons and K. Schulte; Surface modification of alumina
nanoparticles with silane coupling agents; Journal of the
Brazilian Chemical Society 2010, 21 (12), 2238.

J.C.l. Lara-Estévez, L.A.S.d.A. Prado, K. Schulte and E.
Bucio; PEBAXTM-Silanized Al,O; Composite, Synthesis
and Characterization Open Journal of Polymer Chemistry
2012, 2, 63.

X.B. Yang, X. Lu, J.J. Ge and J. Weng; Effect of a Silane
Coupling Agent on Mechanical Properties of
Hydroxyapatite/Polycaprolactone Composites; Key
Engineering Materials 2007, 531, 361.

A. Larena, M.U. Delaorden and J.M. Urreaga; Thermal and
Fourier Transform-Infrared Study of E-Glass Short-Fiber
Functionalization ~ with  Methylvinyldichlorosilane  and
Vinyltrichlorosilane; Journal of Colloid and Interface
Science 1992, 149(1), 34.

A. Larena, J.M. Urreaga and M.U. Delaorden; Thermal and
Ftir Study of E-Glass Short Fiber Functionalization with
Chloromethyldimethylchlorosilane; Journal of Colloid and
Interface Science 1991, 142(1), 111.

M.B. Kulkarni and P.A. Mahanwar; Studies on the effect of
maleic anhydride-grafted polypropylene with different MFI
on mechanical, thermal and morphological properties of fly
ash-filed PP composites; Journal of Thermoplastic
Composite Materials 2013.

16.

20.

21.

22.

23.

24,

polypropylene based composite materials

M. Yazdani-Pedram, |.H. Vega, J. Retuert and R. Quijada;
Compatibilizers Based on Polypropylene Grafted With
Itaconic Acid Derivatives. Effect on
Polypropylene/Polyethylene; Polymer Engineering and
Science 2003, 43(4), 960.

H.-T. Chiu and Y.-K. Hsiao; Compatibilization of
Poly(ethylene terephthalate)/Polypropylene Blends with
Maleic Anhydride Grafted Polyethylene-Octene Elastomer;
Journal of Polymer Research 2006, 13(2), 153.

C. lhemouchen, H. Djidjelli, A. Boukerrou, F. Fenouillot
and C. Barres; Effect of compatibilizing agents on the
mechanical properties of high-density polyethylene/olive
husk flour composites; Journal of Applied Polymer
Science 2013, 128(3), 2224.

E. Yildirim and M. Yurtsever; A comparative study on the
efficiencies of polyethylene compatibilizers by using
theoretical methods; Journal of Polymer Research 2012,
19(2), 1.

U. Hippi. Novel functionalized polyolefins as
compatibilizers in polyolefin/polyamide 6 blends and
polyethylene/metal hydroxide composites [PhD]. Helsinky:
Helsinki University of Technology; 2005.

J. Zarzycki. Glasses and the Vitreous State. Cambridge,
New York, Sydney: Cambridge University Press, 1991.

|. Karacan and H. Benlili; An X-ray diffraction study for
isotactic polypropylene fibres produced with take-up
speeds of 2500-4250 m/min; Tekstil ve Konfeksiyon 2011,
3, 201.

J.E. Shelby. An introduction to glass science and
technology: Royal Society of Chemistry, 2005.

S. Music, N. Filipovic-Vincekovic and L. Sekovanic;
Precipitation of amorphous SiO2 particles and their
properties; Brazilian Journal of Chemical Engineering
2011, 28(1), 89.

*kkkkkkkkkhk *% *kkkkk *% *kkkkk *

MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS

SOCIETY OF GLASS TECHNOLOGY

16 May

British Glass ‘Glass Focus’ Conference

GRANGE ST PAUL’S HOTEL, London
Web www.britglass.org.uk/gf2014

Download the PDF

21-24 May
Glass Technology and Design South America, Sao Paulo, Brazil.
NurnbergMesse Brasil, Rua Verbo Divino, 1.547—7° andar, Sado Paulo-SP, CEP: 04719-002, Brazil. Email
glass@nm-brasil.com.br Web www.glassexpo.com.br

25-30 May
First Joint Meeting of DGG—-ACerS GOMD. 88th Annual Meeting of the Deutsche Glastechnische Gesellschaft and
the Glass and Optical Materials Division Annual Meeting together with the Tenth International Conference on
Advances in Fusion and Processing of Glass, the Glass Trend Seminar and the Second International Fiber

Symposium, Aachen, Germany.
Deutsche Glastechnische Gesellschaft, Siemensstralie 45, 63071 Offenbach, Germany. Email dgg@hvg-dgg.de
Web www.dgg-gomd.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


