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Abstract The effects of concentrations of N, N’, N”-tris-
tert. butyl- 1,3,5- benzene- tricarboxamide (NA) and a
hemiacid of dehydroabietic acid (1:1 K) on the optical
properties of iPP were compared with each other. It
revealed that the NA was an effective transparent nucleating
agent for iPP. The NA had advantage at very concentration
(0.02 wt%), while the 1:1 K had some advantage at high
concentrations (0.3 wt%~0.5 wt%), The optimal concen-
tration range of the NA was 0.1 wt% to 0.4 wt%, while the
value for 1:1 K was 0.3 wt% to 0.5 wt%. The absence of
detectable spherulites in nucleated iPP was confirmed by
SEM and POM. This was an important reason why the
nucleated iPPP showed improved optical properties. The
results of WAXD showed that preferential growth along
the b-axis during crystallization and more disordered struc-
tures were formed in the nucleated samples. The results of
DSC disclosed increased crystallization peak temperature
and melting temperature in the nucleated samples.

Keywords Polypropylene - Trisamide' Nucleating Agent -
Crystallization - Transparency

Introduction

In industry, nucleating agent is widely used as additive for

improving the performance of semi-crystalline polymers,
such as isotactic polypropylene (iPP) [1]. The nucleating
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agent can accelerate the nucleation rate, therefore much fine
crystals would form during crystallization, so the ultimate
optical properties and mechanical properties are improved
[2—4]. At the present time the mostly used nucleating agents
are sorbitol acetals and organic phosphate salts [5-6], in
addition, the rosin-based nucleating agents are also used
[7-9]. In recent years, a new type nucleating agent, the
trisamide based nucleating agents were developed [10—11].
It was found that this family of nucleating agents had
excellent thermal stability, rendered iPP highly transpar-
ency at exceedingly low concentrations (as low as a weight
fraction of 0.0002), thus provided marked benefits of these
nucleating agents over the presently employed ones [10]. In
addition, this type nucleating agents also influenced the
electrical properties of iPP, it was found that by adding of
0.02 wt% of N, N’, N”-tris- cyclohexyl - 1,3,5- benzene-
tricarboxamide, the charge storage properties of iPP films
were improved [12]. The nucleating agent added to the iPP
can act as heterogeneous nuclei, and the density of nuclei is
increased significantly, therefore, the induction time for iPP
crystallization is reduced, the crystallization is accelerated,
which modifies the size and density of spherulites formed,
consequently alter the optical properties and mechanical
properties of the ultimate products[13]. So it was important
to investigate the effect of nucleating agent on the
crystallization behavior and its connection to the ultimate
properties of iPP.

Because of the trisamide based nucleating agents were
developed in recent years [10-11], and compared to the
traditional nucleating agent, their effects on the crystal
structure and the ultimate properties of iPP were not known
thoroughly [13], it was important to investigate the effects
of them on the crystallization process and the ultimate
properties of iPP, so that more information can be provided
to tailor the ultimate properties of iPP. In this paper, the
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effects of different concentration of a trisamide based
nucleating agent, N, N’, N”-tris- tert. butyl- 1,3,5- benzene-
tricarboxamide (Chart 1, identified as NA), on the crystal
structure and morphology of iPP, and its connection to the
ultimate optical properties were discussed with the help of
WAXD, DSC, SEM, POM, a glossmeter and a hazemeter.
In addition, a hemiacid of dehydroabietic acid, which was
always called 1:1 cocrystal of potassium dehydroabietate
and dehydroabietic acid (identified as 1:1 K), which was a
well-known efficient transparent nucleating agent for iPP
[8], was used as an contrast.

Experimental part

Materials Commercial isotactic polypropylene homopoly-
mer powder without any additives H-XD-140 (injection
molding grade, MFI=11.6 g/10 min at 230°C and 2.16 kg
according to ISO1133:1997) was supplied by Jinlin Plastic
and Rubber Co. Ltd, and was used directly. Antioxidant
Chimassorb 944, Irgafos 168 and calcium stearate were
commercially available. Trimesic acid chloride, tert-Butyl-
amine and DMF were analytical reagent and were bought
from China Pharmaceutical Group Corporation Shanghai
Chemical Reagent Co. Ltd. and used as received. The NA
and 1:1 K [8] were prepared in our laboratory.

Preparation of NA The chemical structure of NA was
shown in Chart 1. 0.01 mol trimesic acid chloride,
0.03 mol amine and 10 ml dry triethylamine were dissolved
in 80 ml dry DMF. The mixture was stirred under 80 °C for
2 h, then the mixture was precipitated in 500 ml ice water
and filtered to retrieve the solid, washed with water and
dried. The resulting product was purified by recrystalliza-
tion from DMF. FTIR spectra were recorded on a Bruker
VECTOR22. 'H NMR spectra was recorded in DMSO-d6
at room temperature using a Bruker AV400D instrument.
Elemental analysis was performed with an Elementar Vario
EL III (Germany). The resulting NA had m.p.: sublimation
at 358 °C (no melting); 'H NMR (DMSO-d6, 400 MH,):
0=1.56 ppm (s, 27H, CH3), 6=8.03 ppm (s, 3H, CONH),
5=8.19 ppm (s, 3H, Ar-H); FTIR (KBr, cm™): 3231 v(NH),
3067 W(CHgrom ), 2963 and 2874 v (CHyjipn,), 1641 v (CO),

Chart 1 Chemical structure

of the N, N’, N”-tris- tert. i, }/
butyl- 1,3,5- benzene-

tricarboxamide
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1561 v (NHdeform ); Anal. Calc. for C,;H33N305 (375): C,
67.20%; H, 8.80%; N, 11.20%, Found: C, 66.99%; H,
8.93%; N, 10.95%.

Sample preparation Dry blends of iPP and different
concentrations of nucleating agent, 0.1 wt% Irganox
944, 0.1 wt% Irgafos 168, and 0.05 wt% calcium stearate
were compounded in a laboratory co-rotating twin screw
extruder (TE-20, Coperion Keya (Nanjing) Machinery
Co, Ltd, China) under 210 °C. The melt was cooled and
pelletized. A blank control sample of iPP without nucle-
ating agent was prepared in a similar way. iPP nucleated
with NA and 1:1K were marked as PP-NA and PP-1:1 K,
respectively. Samples for optical characterization (P50 x
1 mm) were injection-molded with a reciprocating-screw
injection molding machine (CJ80M3V, Chen De Plastics
Machinery Co. Ltd. China), the temperature were 200°C,
205°C, 200°C, from the hopper to the die, and the mould
temperature was room temperature.

Differential scanning calorimetry (DSC) measurement Crys-
tallization of iPP with and without nucleating agent was
performed with a Perkin-Elmer Pyris 1 DSC instrument in a
dry nitrogen atmosphere. For sample measurement, about
5 mg of each sample was sealed into an aluminum pan,
heated from 50 to 220 °C at the rate of 30 °C/min, and held
at that temperature for 5 min to erase all the thermal
memory, then cooled to 50 °C at a constant cooling rate of
10 °C/min, held at that temperature for 2 min, then heated
to 220°C at the rate of 10 °C/min. The heat flow vs.
temperature was recorded, the crystallization behavior of
the samples was characterized. The crystallinity was
calculated from the melting enthalpies according to eq. (1):

AH;
Xcl = m
AHO

x 100% (1)

where AHy=207 J/g[14], the accepted value for the melting
enthalpy for 100% crystalline iPP. The degree of crystal-
linity was determined with an experimental accuracy of 1%.

Polarized optical microscope (POM) Morphology of the
iPP with and without nucleating agents was observed with a
polarized optical microscope (POM) equipped with cross
polars and a CCD camera (LW-200-4JS, Shanghai LW
Scientific Co. Ltd.) A small piece of sample was clamped
between two microscope glass slides, heated to 220 °C and
kept for 10 min, then squeezed on the slides and moved
away from the hot stage, cooled in air to room temperature
and crystallized for 48 h.

Scanning electron microscopy (SEM) For SEM measure-
ment, samples for optical characterization were used and
fractured under liquid nitrogen. The fractured surfaces were
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Fig. 1 Optical properties of iPP with different concentration of
nucleating agents: -m- haze of iPP containing 1:1 K; -o0- gloss of iPP
containing 1:1 K; -e- haze of iPP containing NA; -o- gloss of iPP
containing NA

etched for 2 h at room temperature in a 1% w/v solution of
potassium permanganate in a 10:4:1 mixture (by volume) of
sulphuric acid, 85% orthophosphoric acid and distilled
water [15], then the surfaces were carefully washed with
distilled water several times. All the surfaces to be studied
were coated with gold under vacuum and SEM images
were observed with a JEOL JSM-5900.

Wide angle X-ray diffraction (WAXD) Samples prepared
similarly to those used in POM and SEM were used to
determine the crystal structure of iPP with and without
nucleating agents. WAXD measurements were made with a
ARL X’TRA X-ray diffractometer (Thermo Electron
Corporation, USA) with a Cu K, source. The equipment
was operated at 45 kV and 35 mA under ambient
temperature, and the scan range was between 5° and 40°,
with a scan rate of 2°/min. WAXD analyses were obtained
based on the two phase concept. The crystallinity for each
sample was obtained from the ratio between the area under
the crystalline peaks and the total area under the diffraction
curve. The separation of crystalline peaks from the

II. - - L b
q" Yy @ "
-~ E K

_‘. I.“
| -J. 2
pra s BN

Fig. 2 Crossed-polarized light micrographs of iPP with and without nucleating agents. a blank iPP; b PP-NA, ¢ PP-1:1 K, the scale bar is 50 um

amorphous halo was made by fitting the WAXD curve to
a pseudo-Voigt function [8]. The overall crystallinity X,
was calculated by

> Acryst

Xc2 =
¢ >~ Acryst + > Aamorp

x 100% (2)

where Acyst and Aumorp are the fitted crystalline and
amorphous areas, respectively. The degree of crystallinity
was determined with an experimental accuracy of 1%.

Optical characterization The iPP samples were injection-
molded into discs of 1 mm thickness and 50 mm diameter.
The haze of the samples was measured by a photoelectric
hazemeter (WGW, Shanghai Precision & Scientific Instru-
ment Co. Ltd., China) according to ISO 14782:1999. The
gloss was tested using a glossmeter (WGG60-Y4, Keshijia
Institute of Photoelectrical Instrument, Quanzhou, China)
according to ISO 2813:1994. Three samples were measured
and the averages were reported.

Results and discussion
Optical properties

Figure 1 shows the optical properties of iPP with different
concentration of nucleating agents. As can be seen, the haze
and gloss critically depended on the concentrations of the
nucleating agents. The NA had nucleation ability even at
very low concentration (0.02 wt%). By adding 0.02 wt% of
NA, the haze was decreased by 44%, and the gloss was
increased by 18%. And a small increased concentration of
NA (from 0.02 wt% to 0.05 wt%) changed the optical
properties little. After that, a linear decreased in haze and
increased in gloss was observed. Between the range of
0.1 wt% and 0.4 wt%, the values of the haze and gloss of
the iPP almost kept constantly with the increasing concen-
tration of NA. Then followed by a slight increased haze and
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Fig. 3 SEM micrographs of the core layer for injected iPP samples with and without nucleating agents. a Blank PP, b PP-NA, ¢ PP-1:1 K

decreased gloss when the concentration of the NA exceeded
0.4 wt%. This was conflicted with the results of literature
[10], in which the haze was increased when the concentra-
tion of nucleating agent exceeding 0.02 wt%. The diver-
gence between our results and that of the literature[10] can
be ascribed to different processing conditions and the
different iPPs used. It was well known that the optical
properties of iPP containing this family nucleating agent
was determined by the phase structure of iPP/trisamide [12]
which, in turn was determined by the solubility of such
compound in iPP. In literature [12], the author reported that
the dissolution temperature of 0.02 wt% of NA in iPP was
about 290°C, therefore under our processing condition, the
NA was insoluble or partial soluble in the iPP, thus may
have significant impact on the optical properties of iPP.
In addition, the characteristic of the iPP, such as melting
flow rate, was different from the literature [12], and it also
influenced the optical properties of the product. Therefore,
by combination of the two effects, the dependence of
optical properties on the concentration of NA was quite
different from the literature[ 10]. By contrast, the 0.1 wt% of
1:1 K increased the haze and gloss somewhat, then, a linear
dropping of the haze and increasing of the gloss were
observed in the concentration range of 0.1 wt% and 0.3 wt%.
When the concentration of 1:1 K exceeding 0.3 wt%, the
changes of the optical properties of were slight. And plateaus
of haze and gloss also presented in the concentration
between 0.4 wt% and 0.5 wt%. In sum, the NA had its
advantage compared to the 1:1 K, because it improved the
optical properties of iPP at very concentration (0.02 wt%),
sharply compared to the effects of the 1:1 K, which the
effective concentration was 0.2 wt% or more, this was about
10 times more than that of the NA. However, the 1:1 K had
some advantage at high concentrations, which indicated
somewhat lower haze and higher gloss, compared to these of
the counterpart of iPP containing NA. The optimal concen-
tration range of the NA was 0.1 wt% to 0.4 wt%, while the
value for 1:1 K was 0.3 wt% to 0.5 wt%. So we chose the
iPP containing 0.3 wt% of nucleating agents as model to
investigate the effect of these nucleating agents on the
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morphology, crystal structure, crystallization and melting of
iPP.

Morphology

Figure 2 shows the POM pictures of iPP with and without
nucleating agents. It was obviously seen that the blank PP
shown the typical spherulites structures of the o« form with
the diameter of about 40~60 um (Fig. 2a), and it had the
biggest spherulites in the three samples. After adding of
0.3 wt% of NA or 1:1 K, the sizes of the spherulites were
decreased drastically, a very fine and uniform morphology
was observed (Fig. 2b and c). It was difficult to precisely
determine the sizes of crystals under this magnification. It
may be assumed that aggregated lamellar created the
structure of nucleated iPP, instead of fully developed
spherulites, this was the reason why the PP contained NA
or 1:1 K presented excellent transparency and gloss, which
had been discussed in the previous part of this paper. The
same structure was reported in the literatures [8,16].

Intensity (a.u.)

Blank PP

10 20 30 40

20 ()
Fig. 4 WAXD patterns of iPP with and without nucleating agents
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Table 1 Crystallization data of

iPP with or without 0.3 wt% Samples Melting peak Crystallization Degree of Intensity ratio FWHM/°
nucleating agents temperature peak temperature crystallinity /% 110y 040
(Tw)/°C (T)/°C _
Xcl Xc2
Blank PP 161.5 114.0 42 54 1.44 0.56
PP-NA 166.3 128.2 40 61 0.50 0.72
PP-1:1 K 165.8 128.2 44 57 0.53 0.60

SEM provided a powerful tool to investigate the mor-
phology of the samples at high magnification. Figure 3
presents the SEM micrographs of the core layer for injected
iPP samples with and without nucleating agents. As can be
seen, for the blank iPP, in the core region the typical
spherulites with a diameter between 5~20 pum and a
crosshatch-type lamellar branching structure, which was
the typical characteristic of the « iPP [17], were clearly
shown in Fig. 3a. By adding of 0.3 wt% of NA or 1:1 K, no
spherulites can be seen and only the small uniform
aggregated crystals were observed. The formation of such
structure in the nucleated sample was reasonable, because
of more nuclei formed after the addition of nucleating
agent, and the crystallization rate increased significantly,
therefore a shorter growth time and limited space was
provided in the nucleated samples than that of the blank
one, and the structure can’t develop fully to form the
spherulites before solidification of the sample. It was
known that the big spherulites in the bulk of semi-
crystalline polymer can scatter the light, therefore the
optical properties of the samples deteriorated [18]. The
addition of NA and 1:1 K prohibited the formation of
spherulites and led to the formation of fine uniform crystals
with a diameter smaller than the wavelength of visible light,
therefore the light scattering in the core layer was reduced,
and the optical properties of the samples improved.

Crystal structure

Figure 4 shows the WAXD patterns of iPP with and without
nucleating agents, and the crystallization data derived from
the patterns are listed in Table 1. It was clearly shown that
only the monoclinic o«-phase was presented in all the
samples, because of the characteristic reflections at the
following angles, 20=14.2°, 17°, 18.8°, 21.2° and 22.0°,
corresponding to the following respective crystalline planes
(110), (040), (130), (111) and (041) of the o iPP [14]. No
evidence of the 3 form was observed. Furthermore, the NA
and 1:1 K increased the degree of crystallinity a little, and
compared to the 1:1 K, the NA had more pronounced effect.

The WAXD patterns of these samples shows some
phenomena related to the unite cell of nucleated iPP. It

was obviously seen that the intensity of (040) was increased
accompanied by a reduction in the intensity of the (110) in
the nucleated samples. It is known that the ratio between
the (110) and (040) provided information on the relation-
ship between the orientation of a axes and b axes of the «-
phase [19]. The values of the intensity ratio of the (110) and
(040) reflections were summarized in Table 1. As can be

a
=) PP-1:1K
=}
=)
<
w
_% PP-NA
=
=
T
Blank PP
T T T T T T T T T T T
60 90 120 150 180 210
Temperature (°c)

b PP-1:1K
o
=)
S PP-NA
<
53}

z
2
=2

=] Blank PP
£ _

v

60 90 120 150 180 210
Temperature (°c)

Fig. 5 DSC thermograms of PP containing 0.3 wt% of nucleating
agents. a Heating under 10 °C/min, b cooling under 10 °C/min

@ Springer



704

Colloid Polym Sci (2008) 286:699-705

seen, the ratio of I110y/ 40y Was diminished clearly with
the addition of NA or 1:1 K, which may be associated with
the increasing in the orientation of b-axis due to the
presence of nucleating agents, indicating that during
crystallization growth along the b-axis was favored. This
was more distinctive for PP nucleated with NA. The same
trends were observed by Marco et al in iPP nucleated with
sorbitol-based nucleating agents [13].

The degree of perfection of the «-phase can be
evaluated from the full width at half maximum (FWHM)
of the (110) face [20]. Table 1 presents the FWHM values
of the (110) face of iPPs with or without 0.3 wt% of
nucleating agents. As can be seen, compared to the
corresponding blank iPP, the nucleated one had a bigger
FWHM value, indicating that the packing order of the o-
phase decreased in the nucleated sample. This was accord
with the results of the POM, which showed that only small
uniform crystals presented in the nucleated samples. In
addition, the PP-NA had the biggest FWHM value, which
means that it decreased the degree of perfection more
pronounced.

Crystallization and melting behavior

The melting and non-isothermal crystallization behaviors of
iPP with and without nucleating agent were determined by
using of DSC, and the thermal curves are shown in Fig. 5.
The thermal properties analyzed from the DSC curves are
also summarized in Table 1. From Fig. 5a, it was clearly
shown that the blank iPP presented multiple melting peaks,
which may be due to the melting-recrystallization -melting
of a-phase of iPP with different order or the {3-c transition
during heating [19]. The result of the WAXD clearly
showed that there was no evidence of 3 phase in the blank
iPP, so the peak duplication may be due to the recrystal-
lization of «-phase superimposed on melting process [21].
By adding 0.3 wt% of NA or 1:1 K, only one melting peak
and increased T,, was observed, the same trend was
published elsewhere [21]. Moreover, the crystallization
peak temperature was increased significantly by adding of
NA or 1:1 K. Compared to the PP-1:1 K, the PP-NA had
the same T, which means that the NA had the same
nucleating efficiency to 1:1 K. This quite agreed with the
results reported in the previous part of the paper. However,
the divergent values of the crystallinity of iPP samples
were obtained between DSC and WAXD. As can be seen,
the NA decreased the crystallinity a little, but the 1:1 K
increased it a little, this was conflicted with the values
deduced from the WAXD patterns. This can be ascribed to
the normalization factor used for crystallinity determination
by DSC [22].
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Conclusion

The effects of concentrations of a trisamide based nucle-
ating agent, N, N’, N”-tris- tert. butyl- 1,3,5- benzene-
tricarboxamide (NA) and a hemiacid of dehydroabietic acid
(1:1 K) at the optical properties of iPP were compared
using of a glossmeter and a hazemeter, it revealed that the
NA had advantage compared to the 1:1 K, because it
improved the optical properties of iPP at very concentra-
tion (0.02 wt%), sharply compared to that of the 1:1 K,
which the effective concentration was 0.2 wt% or more,
which was about 10 times more than that of the NA.
However, the 1:1 K had some advantage at high
concentrations (0.3 wt%~0.5 wt%), indicating somewhat
lower haze and higher gloss, compared to these of the
counterpart of iPP containing NA. The optimal concen-
tration range of the NA was 0.1 wt% to 0.4 wt%, while
the value for 1:1 K was 0.3 wt% to 0.5 wt%. The effects
of 0.3 wt% of nucleating agents on the crystal structure
and morphology of iPP, and its connection to the ultimate
optical properties were discussed with the help of WAXD,
DSC, SEM, and POM. The absence of detectable spher-
ulites in nucleated iPP was confirmed by SEM and POM.
Therefore, the haze and gloss of ultimate samples were
improved significantly. WAXD showed that preferential
growth along the b-axis during crystallization and more
disordered structures were formed in the nucleated sam-
ples. This was according with the result of the POM. The
results of DSC showed that increased crystallization peak
temperature and melting temperature presented in the
nucleated samples.

References

1. Tsuyoshi U, Kiyoka O, Kaori W, Akihiko T, Etsuo T, Naoshi K,
Masamichi H (2007) Polymer J 39:55-64
2. Dou Q J Appl Polym Sci, in press
3. Pitt S, Paninlada C, Jirawut J (2004) Macromol Mater Eng
289:818-827
4. Zhang YF, Xin Z (2006) J Appl Polym Sci 101:3307-3316
5. Hoffmann K, Huber G, Mader D (2001) Macromol Sym 176:83-91
6. Zhang GP, Xin Z, Yu JY, Gui QD, Wang SY (2003) J Macromol
Sci Part B-Phys B24:467-478
7. Zhu G, Li CC, Li ZY (2001) Eur Polym J 37:1007-1013
8. Wang JB, Dou Q Polym Int, in press
9. Wang JB, Dou Q, Wu SS, Chen XY (2007) Polym Eng Sci
47:889-897
10. Blomenhofer M, Ganzleben S, Hanft D, Schmidt HW, Kristiansen
M, Smith P, Stoll K, Méder D, Hoffmann K (2005) Macro-
molecules 38:3688-3695
11. Kristiansen PM, Gress A, Smith P, Hanft D, Schmidt HW (2006)
Polymer 47:249-253
12. Mohmeyer N, Behrendt N, Zhang XQ, Smith P, Altstidt V,
Sessler GM, Schmidt HW (2007) Polymer 48:1612—-1619



Colloid Polym Sci (2008) 286:699-705

705

13.

14.

15.
16.

17.

Marco C, Ellis G, Gomez MA, Arribas JM (2002) J Appl Polym
Sci 84:2440-2450

Karger-Kocsis J (1999) Polypropylene: An A~Z Reference.
Kluwer Publishers, Dordrecht

Olley RH, Bassett DC (1982) Polymer 23:1707-1710
Romankiewicz A, Sterzynski T, Brostow W (2004) Polym Int
53:2086-2091

Park J, Eom K, Kwon O, Woo S (2001) Microsc Microanal
7:276-286

18.

19.
20.

21.

22.

Meeten GH (1986) Optical properties of polymers. Elesvier,
London

Cook M, Harper JF (1998) Adv Polym Technol 17:53-62
Minardi A, Boudeulle M, Duval E, Etienne S (1996) Polymer
38:3957-3965

Karger-Kocsis J (1995) Polypropylene: structure, blends and
composites (Vol. 1). Chapman and Hall, London

Lima MFS, Zen VMA, Samios D (2002) J Polym Sci, Part B:
Polym Phys 40:896-903

@ Springer



	Crystallization...
	Abstract
	Introduction
	Experimental part
	Results and discussion
	Optical properties
	Morphology
	Crystal structure
	Crystallization and melting behavior 

	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


