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MELTING BEHAVIOR OF POLY(OXYTETRAMETHYLENE)-alt-
(AROMATIC OLIGOAMIDE) BLOCK COPOLYMERS

. * .o
M. Tsuchiya , A. Inomura and T. Kojima
Department of Applied Chemistry, National Defense Academy 1-10-20 Hashirimizu, Yokosuka 239-8686, Japan

Using temperature-modulated differential scanning calorimetry, the melting behaviour of poly(oxytetramethylene)-a/t-(aromatic
oligoamide) (POTM-al/t-AOA) has been studied in comparison with that of polyoxytetramethylene glycohols (POTMGs). The
apparent melting temperature of the block copolymers is found to be less than that of the corresponding POTMGs by approximately
30°C. The relaxation time of melting of a POTM segment has been estimated and compared with that of POTMG. The relaxation
time of POTM-alt-AOA is slightly shorter than that of POTMG when the molar mass of the POTM segment is 2900; however, it is

longer when the molar mass is 1400.
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Introduction

Block copolymers and multiblock copolymers have
been extensively studied for various applications [1-4].
They are composed of hard and soft segments; therefore,
information on the interactions between the different
segments is important for predicting new materials.
Ukielski et al. have studied the influence of the
chemical composition of an amide block on the
thermal properties of multiblock terpolymers and
confirmed the importance of compatibility between
the different blocks [4]. A polyether block amide,
commercially available as PEBAX®, has been studied
in the last decade as a new family of engineering
thermoplastic elastomers [2, 3]. In this family of block
copolymers, poly(oxytetramethylene) (POTM) serves
as the soft segment and poly(aliphatic amide) serves
as the hard segment. We have studied the thermal
properties of poly(oxytetramethylene)glycols (POTMGs)
and chemically crosslinked polymer networks [5-9].
Aromatic polyamides have a rigid structure and
poor compatibility with most simple homopolymers.
Copolymers of segmented aramide with three
aromatic rings in the hard segment and POTM have
been studied by Niesten et al. [10-12]. It is expected
that the size and symmetry of aromatic polyamides
affect the melting of POTM in the block copolymer. It
is also expected that the interaction between an
aromatic amide segment and POTM will influence the
relaxation time of melting for POTM crystals. We
have studied the melting behaviours of
poly(oxytetramethylene)-a/t-(aromatic  oligoamide)
(POTM-alt-AOA) with five aromatic rings in the hard
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segment by temperature-modulated differential scanning
calorimetry (TM-DSC) in order to determine the
influence of AOA on the melting of POTM in the
block copolymer.

Experimental
Materials

Polytetrahydrofurans with molar masses of 650, 1400,
and 2900 were purchased from Sigma Aldrich Co.
Poly(oxytetramethylene)-a/t-[ 1,4-phenylenebis(imin-
o0x0-1,3-phenyleneiminoxo- 1,4-phenyleneoxo)]

(POTM-alt-AOA) was prepared from
polytetrahydrofuran, terephthaloyl chloride, and
N,N’-1,4-phenylenebis(1,3-aminobenzamide).  The

product was precipitated from water by pouring a
N,N-dimethylacetamide (DMAc) solution of it, and
dried under reduced pressure.

The products were identified by FTIR, "H-NMR,
2D '"H-NMR, and elemental analysis. The degree of
polymerization X was determined by 'H-NMR:
POTM(650)-alt-AOA, X=16; POTM(1400)-alt-AOA,
X=51 and POTM(2900)-a/t-AOA, X=34. The intrinsic
viscosities (denoted by 1) of POTM(650)-alt-AOA,
POTM(1400)-alt-AOA, and POTM(2900)-alt-AOA in
DMACc were 0.15, 0.20 and 0.21, respectively.

Method

DSC and TM-DSC were performed using a Perkin—Elmer
DSC 7 equipped with a DDSC kit. Approximately
10 mg of the sample was placed in an aluminium pan
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Table 1 DSC results for the POTM-alt-AOAs

First heating curve

Second heating curve

Sample® T °C AH /T g Tu/°C AHoo/ g T °C AH g
650 - - 138.9 - 73.2 - -
1400 -13.8 3.2 131.3 -206.8 -10.4 9.6
2900 - 1.07 19.3 133.3 -307.5 2.02 20.3
"The numbers denote the molar mass of a POTM block in POTM-al--AOA
and covered with an aluminium lid. All samples were rang = 197 T4’ )+o,0t; (+o’t] (4)

preheated at 50°C (above the melting temperature of
POTMGs) and subsequently cooled to —50°C at a
cooling rate of 50 K min"' in DSC. In the TM-DSC
experiments, the temperature was controlled by
sawtooth modulation without cooling. The average
heating rate was 2.0 K min™' and the amplitude of
modulation was 0.2 K. By using our equipment, the
modulation periods, which are a combination of the
programming rate and the amplitude, were selected as
24,48, 60, and 96 s. Baseline files for the modulations
were obtained using an empty pan.

Data analysis

TM-DSC provides the complex heat capacity C*(w)
at the modulation frequency ® [13—15].

C* (0)=C'(0)-iC"(») (1)

The tangent of the phase angle 6, which is related
to the relaxation time T, is obtained by dividing C"(®)
by C'(o).

tand =t 2)

The necessity of multicomponent analysis can be
easily determined by plotting the tand values obtained
from the TM-DSC experiments vs. the measured
frequency o.

When the observed relaxation phenomenon
consists of multiple components, Eqs (1) and (2) are
expressed as follows:

(1+oo

3)

C "(03)
C'(©)

o ®T
4
(1+w212)/z(1+0)212) @

where, o; is the fraction of component i.
If the number of components is assumed as 2,
then

tand =

472

o, 1, (+0’1])+a,1, (+o’t])

where, a;+to,=1. By performing 2-ingredient non-linear
least-squares analysis based on Eq. (4a), the relaxation
times T, and 1, and their respective fractions a,; and o,
are estimated from the tand values determined by
TM-DSC.

Results and discussion
DSC curves of block copolymers

DSC curves of POTM-alt-AOAs are shown in Fig. 1,
and the DSC results are summarized in Table 1. An
endothermic peak, which can be attributed to the melting
of the POTM crystal, is observed in the DSC curves of
POTM(1400)-a/t-AOA and POTM(2900)-alt-AOA;
however, it is not observed in the DSC curve of
POTM(650)-alt-AOA. The apparent melting temperature
of POTM-alt-AOAs is less than that of the
corresponding POTMG by approximately 30°C, and
less than that of the segmented aramide studied by
Niesten et al. by 10°C [10—12]. An exothermic peak is
observed around 130°C in the DSC curve of the block
copolymers during the first heating run. This peak is
not observed in the real and imaginary C, curves
(Fig. 2). The amount of exothermic heat AH.,

Heat flow/a. u. Endo—

0 l(I)O 2(!,10
Temperature/°C
Fig. 1 DSC curves of POTM-alt-AOAs:
— —POTM(650)-alt-AOA; POTM(1400)-alt-AOA;
- —POTM(2900)-alt-AOA. The heating rate was
5.0 K min™'
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Fig. 2 TM-DSC curves of POTM(1400)-alt-AOA: a — the first
heating run; b — second heating run. The curves
represent total ------—C,,, O—C” and — —C”. The average

heating rate was 2.0 K min™' and the amplitude of
modulation was 0.2 K. The modulation period was 60 s

apparently increases with the molar mass of POTM in
the block copolymer. After annealing at 180°C, which
is lower than the expected melting temperature of the
AOA crystal and higher than the exothermic peak
temperature, the curve of POTM-alt-AOAs changes;
the melting peak temperature increases by
approximately 4°C and the exothermic peak at 130°C
is suppressed. Moreover, in the case of
POTM(1400)-alt-AOA, the heat of melting AH.y,
increases threefold, while in the case of
POTM(2900)-alt-AOA, it changes only slightly.

A remarkable exothermic peak is observed in the
curve of POTM-alt-AOAs at 130°C; this suggests
that the microphase separation is incomplete.
Although POTMG thermally decomposes at
353 K [6], the above-mentioned exothermic peak is
not observed in the DSC curves of POTMG and
poly(oxytetramethylene)dimethacrylate-net-poly(me-
thylmethacrylate). If this exothermic peak were to
correspond to the pyrolysis of POTMs, the
endothermic heat of melting would disappear or the
exothermic peak would be visible until the complete
decomposition of POTM. As in the case of other block
copolymers, it is considered that POTM-alt-AOAs are
physically crosslinked at the AOA segments. The
smaller the mass of the hard segment in comparison
with the mass of the soft segment, the greater the
compatibility between them. Therefore, the degree of
aggregation of the hard segment before annealing is
expected to decrease with increasing molar masses of
the POTM. The heat of the exothermic peak at 130°C
probably corresponds to the amount of AOA free
from the aggregate before the annealing. It is
expected that a block chain of the copolymer behaves
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like a homopolymer in a well separated microphase.
The increase in both the melting temperature and AH,,
suggests the probability of an increase in the POTM
crystallinity in the block copolymer.

As mentioned above, solid POTM-alt-AOA is
considered to have a cross-linked structure. The
motion of the polymer segments in a network polymer
is affected by the flexibility of the cross-linking
points. We have reported that the mesh size of a
POTM network polymer affects the melting
temperature of a POTM segment [5]. The symmetry
of the chemical structure of the hard segment in this
study is lower than that of the block copolymer
studied by Niesten et al. [10—12]. Therefore, the low
melting temperature of the POTM-alt-AOAs is
probably due to the physically cross-linked structure
and the tightness of the cross-linking domain.

Relaxation time of melting

In most cases in this study, data cannot be analyzed by
Eq. (2). Figure 3 shows the phase angle spectra of
POTMG2900 at different temperatures. The data at
40°C may be analysed by Eq. (2) to obtain 1=0.1 s. By
assuming that this is the relaxation time for one of the
ingredients, data at several temperatures are analysed
by assuming a 2-ingredient system. The calculated
curves approximately fit the experimental data. Figure 4
shows the phase angle spectra of POTM-alt-AOAs at
the melting peak temperatures and the results of the
2-ingredient analysis. Table 2 summarizes the results
of the 2-ingredient analysis of 1 for the block copolymers
and the corresponding POTMGs by the non-linear
least-squares method. Fractions of the fast relaxation

tand

w/Hz
Fig. 3 Phase angle spectra of POTM2900 at different
temperatures: e—20; 0—25; A-28; x—40°C. Solid lines
represent the results from 2-ingredient analysis using
the non-linear least-squares method. Data at X 40°C

fitsa - straight line that passes through the origin
with a gradient of 0.1 s
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Table 2 2-ingredient analysis results of relaxation time t at the endothermic peak temperature

Sample* Thermal history T, m,ID/"CM o T/ oy To/8
POTM(1400)-alt-AOA 50°C, 5 min -12 0.002 15 0.998 0.12
180°C, 5 min -10 0.004 10 0.996 0.12
POTM(2900)-alt-AOA 50°C, 5 min 0 0.01 12 0.99 0.12
180°C, 5 min 3 0.02 9 0.98 0.14
POTMG1400 50°C, 5 min 20 0.10 17 0.90 0.09
POTMG2900 50°C, 5 min 26 0.09 35 0.91 0.09
" The numbers represent the molar mass of POTM and POTMG, “Endothermic peak temperature
0.5 50 |
0.4 40+ 9 P
30 -~ - ©
o 0.3 2 -
§ e o, ”
02 20 -~
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Fig. 4 Phase angle spectra of POTM-alt-AOAs at the
endothermic peak temperature:
O-POTM(2900)-alt-AOA annealed at 50°C;
@®-POTM(2900)-alt-AOA annealed at 180°C;
A-POTM(1400)-alt-AOA annealed at 50°C;

A -POTM(1400)-alt-AOA annealed at 180°C. The plot
denoted by (X) is the data at 30°C of preheated
POTM(2900)-alt-AOA at 180°C. Solid lines represent
the results from the 2-ingredient analysis using the
non-linear least-squares method. The dashed line
passes through the origin with a gradient of 0.1 s

process o, exceed 0.9 and their 1, values are almost
identical. These results suggest that the fast components
are independent of the material and can be attributed
to the response of the measurement system.

In the case of POTMGs, it appears that the T,
obtained at a different temperature is not dependent on

Table 3 Estimated relaxation time 1, at o.;—0

Fig. 5 Plots of relaxation time t; vs.the fraction of the
component o.;: O-POTMG2900; ®@-POTMG1400

the temperature but on a fraction of the slow
ingredient o, (Fig. 5). We estimated the relaxation
time at o;—0(t;p); the results are summarized in
Table 3. The estimated 1, values for POTMG1400
and 2900 are 11 s in both cases. In case of
POTM-alt-AOAs, the dependency of t; on o, is low.
This is probably due to the small o of these block
copolymers. These results suggest that melting
process of a POTM segment is independent of the
other POTM segments in POTM-al/t-AOAs.
Although the molar mass of POTMG does not
appear to affect its 1, the 1, value of each block
copolymer is different. The temperature dependence

Sample” Thermal history Ti0/s Slope/10%s R?
POTM(1400)-alt-AOA 50°C, 5 min 19 -3.30 0.958
180°C, 5 min 14 -1.1 0.995
POTM(2900)-alt-AOA 50°C, 5 min 10 0.1 0.311
180°C, 5 min 9 -0.02 0.878
POTMG1400 50°C, 5 min 11 0.06 0.976
POTMG2900 50°C, 5 min 11 0.30 0.975

" The numbers represent the formula mass of POTM and POTMG

The slope and R? (correlation coefficient) values are obtained by the linear least-squares method
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of 1, reveals the different melting behaviours of these
two copolymers. Based on the average value of X or
the intrinsic viscosity, it is considered that the chain
lengths of the two block copolymers in this study are
almost comparable. Therefore, the 1, value probably
reflects the relaxation process of a POTM crystal
between AOA segments. The shorter the POTM
segments, the larger the fraction of influence of the
AOA segments on the motion of the POTM segments.
The results of the annealing experiments on the 1, of
the block copolymers support the hypothesis that the
microphase separation had proceeded and the
homogeneous POTM domain had increased in the
block copolymer solid by annealing at a temperature
above 130°C.

Conclusions

The chemical structure of aramide affects the melting
temperature of the segmented aramide-POTM copolymer.
The influence of the aramide blocks on the relaxation
time for the melting of POTM is observed in case of
POTM(1400)-alt-AOA. The relaxation time mainly
depends on the amount of the crystal. The melting
behaviour of POTM-a/t-AOA depends on the molar mass
of POTM,; this can be explained by the compatibility
between the segments of POTM and AOA. In the
2-ingredient analysis of the phase angle dependence
on the modulation frequency, the melting relaxation
time of POTM in a block copolymer can be isolated
from the effects of other phenomena that can be
attributed to the response of the measurement system.

J. Therm. Anal. Cal., 88, 2007

References

1 M. El Fray, Designed Monomers Polym., 3 (2000) 325.
2 J. P. Sheth, J. Xu and G. L. Wilkes, Polymer, 44 (2003) 743.
3 E. V. Konyukhova, A. I. Buzin and Y. K. Godovsky,
Thermochim. Acta, 391 (2002) 271.
4 R. Ukielski and M. Piatek, J. Therm. Anal. Cal.,
77 (2004) 259.
5 M. Tsuchiya, M. Ishii, T. Kojima and Y. Oohira, J. Therm.
Anal. Cal., 56 (1999) 1163.
6 K. Tago, M. Tsuchiya, Y. Gondo, K. Ishimaru and
T. Kojima, J. Appl. Polym. Sci., 77 (2000) 1538.
7 M. Tsuchiya and T. Kojima, J. Therm. Anal. Cal.,
72 (2003) 654.
8 M. Tsuchiya and T. Kojima, J. Therm. Anal. Cal.,
80 (2005) 159.
9 W. Miyano, E. Inoue, M. Tsuchiya, K. Ishimaru and
T. Kojima, J. Therm. Anal. Cal., 64 (2001) 459.
10 M. C. E. Niesten, J. Feijen and R. J. Gaymans, Polymer,
42 (2001) 6199.
11 M. C. E. Niesten, J. W. ten Brinke and T. J. Gaymans,
Polymer, 41 (2001) 1461.
12 M. C. E. J. Niesten, J. Feijen and R. J. Gaymans, Polymer,
41 (2000) 8487.
13 A. Toda, C. Tomita, M. Hikosaka and Y. Saruyama,
Polymer, 39 (1998) 5039.
14 J. E. K. Schawe, Thermochim. Acta, 260 (1995) 1.
15 B. Wunderlich, Y. Jin and A. Boller, Thermochim. Acta,
238 (1994) 277.

DOI: 10.1007/s10973-006-8089-x

475




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


