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Abstract A flexible polyurethane (PU) foam prepared
from a polyol and an isocyanate prepolymer was stabilized
against thermooxidation with two types of compounds:
2,6-di-t-butyl-4-methyl-phenol (non-reactive) and, respec-
tively, 3,5-di-z-butyl-4-hidroxy-benzyl alcohol (reactive).
The TG were obtained at different heating rates: f = 5, 7,
10, and 12 °C min~" and the TG/DTG were processed with
the following methods: Freidman, Flynn-Wall-Ozawa,
Budrugeac—Segal, and, respectively, Non-Parametric Kinetics.
By Freidman and Flynn—Wall-Ozawa methods it was
observed a significant (more that 10%) variation of the
activation energy, E, versus the conversion degree, this
being an indication of a complex process. Therefore, the
more sophisticated Budrugeac—Segal and NPK methods
were used. The Budrugeac—Segal method presents a very
good descriptive ability, so it is useful for simulations of the
thermal behavior. The NPK method is the less speculative
one and in the majority of cases the obtained values of the
activation energy were in a rather good agreement with both
Friedman and Flynn—Wall-Ozawa kinetic data. The value of
the activation energy seems to be an appropriate parameter
for the estimation of the thermal stability. In comparison
with the unstabilized PU, the one stabilized with the reactive
compound presented the best thermal stability
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Introduction

Polyurethane (PU) is a class of extremely versatile tech-
nopolymers. Unfortunately, a prolonged service duration is
compulsory connected with the necessity of PU’s thermo-
and photostabilization due to a rapid self-oxidation [1-3].

In a previous paper [4], it was proved the importance of
an elaborated kinetic analysis of the thermooxidative
degradation for the selection of an appropriate stabilizer.
Also, in a recent paper [5], a synergetic effect by using a
mixture of two different stabilizers, one reactive and
another non-reactive, was reported.

The potential toxicity of PU is increased due to the
content of stabilizers. Therefore, the use of such polymers
in a direct contact with the human body is forbidden. But
for technical purposes the knowledge of the influence of
different stabilizers on the thermal life time (TLT) of PU
has a crucial importance.

The topic of this paper is a kinetic analysis of the
thermooxidative degradation process of stabilized PU tak-
ing place under non-isothermal conditions. The target is to
obtain reliable kinetic parameters for TLT prediction.

Experimental
PU synthesis

The PU foam was prepared from an isocyanate prepolymer
(MDI-ISO 145/8 from Elastogran, Hungary) and a polyol
(Polyesther Elastoflex W5516/115 from Elastogran,
Hungary).
Two type of stabilizers were used (see Scheme 1):
— AO0I working as a non-reactive stabilizer is 2,6-di-t-
butyl-4-methyl-phenol;
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Table 1 Stabilizer content of the prepared samples

Sample symbol Stabilizer content, mass/%

AOl/non-reactive AQ2/reactive
MS - -
283 0.9 -
383 - 0.9
483 0.45 0.45

@ Springer

Fig. 1 Thermograms for unstabilized, respectively stabilized poly-
mere: a MS; b 2S3; ¢ 3S3; d 4S3 (10 °C min~! in air)

Kinetic analysis

The main idea of the data processing strategy was to use
the most simplest, but large used methods, of course taking
into account the ICTAC-2000 Protocol [6]. The
free”

“model
methods were preferred, in both differential and
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integral variants. These methods allow the evaluation of
Arrhenius parameters without choosing the reaction model.

An important step in the kinetic analysis is the knowl-
edge of the dependence of activation energy, E, versus the
conversion degree, «. This allows the detection of multi-
step processes and some conclusions on the reaction
mechanism.

(i) Friedman’s differential isoconversional method [7]

The generally accepted differential form of the reaction
rate under non-isothermal conditions and constant con-
version is:

p - (da/dT),= f(o) - A - exp(—E/RT) (1)

where [ is the heating rate, T is the reaction temperature,
and f(«) is the non-explicit conversion function. According
to the equivalent form:

B-(d/dT),= Inlf () - A] — E/RT @)

the slope of the straight line of In[f-(do/dT)] vs. 1/T gives
the activation energy at a certain conversion o.

Due to its simplicity and independence in respect to the
kinetic model f{o), the Friedman’s method is recommended
for obtaining the value of the activation energy. By plotting
E versus o the following two situations are relevant:

— an invariance of E in respect of o means a simple
single-step process:

— a monotonous variation of E versus o is a sign of
complex multi-step process.

According to the data presented in Fig. 2, there is a
significant (more than 10%) variation of E versus o. With
exception of low conversions (o < 0.2), these variations
are rather monotonous. Consequently, more sophisticated
methods of data processing are necessary (Fig. 2)

(ii) The Budrugeac—Segal method [8—10]

This method is, logical, a continuation of Freidman’s
method and is based on a particular variation of the acti-
vation energy, described by:

E:EQ+E1-IH(]—O(> (3)

Considering Eq. 3 together with another two assumptions,
namely the existence of a compensation effect:

InfA-f(a)]=a-E+b 4)
and a reaction order type conversion function:
fla)=(1—a)" (5)

now, Eq. 2 becomes:
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Fig. 2 Activation energy obtained by FR method versus conversion
method. a MS; b 2S3; ¢ 3S3; d 4S3
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Table 2 Activation parameters obtained by Budrugeac—Segal method
Sample Ey/kJ mol ™! E\/kJ mol ™! a x 10*mol T b n
MS 11.51 £ 19 —83.05+79 2.17 £ 0.01 —0.66 = 0.25 2
283 26.83 £ 22.1 —76.03 + 9.23 2.077 £ 0.014 —0.525 £ 0.36 1.4
383 —21.46 —94.8 2.19 £ 0.024 —1.04 + 0.44 1.8
483 18.65 —81.95 2.18 —0.96 2
Fig. 3 Simulated (rc;) and T T T T T T
experimental (v;) values of 0.4 . 0.5 —
reaction rate versus )
v3; véi
temperature—example for 253 ey . .
at heating rate of /3 = 10 and rc3; 02 o & 4 re4 itwme
p4 = 12 °C min " nme €2 0 X AR cen i) EVEPTN.
0 I 1 I 0 1 1 1 1
540 560 580 600 520 540 560 580 600 620
T3i T4i

In[f- (do/dT),| = (b+a-Ey — Eo/RT)
+(a-E1 —EI/RT—i—n) 111(1 —OC)

(6)

The correct value of n will be the one that gives a
correlation coefficient closest to 1 for the straight line
represented by In[f-(da/dT)] vs. In(1 — «), the constants
Eo, E|, a and b being obtained from Eqgs.3 and 4,
respectively.

The kinetic constants according to Eq. 6 are systema-
tized in Table 2.

The hypothesis according to Eq. 3 being only formal, a
discussion on the connections between the sample’s history
and the values of the invariant part Ey of the determined
activation energy is risky.

The most important characteristic of the B—S method is
its descriptive ability, already discussed in some previous
papers [11, 12]. This ability was confirmed also for the
samples studied here, some examples being presented in
Fig. 3. Despite its rather formal character, the simulation
using the kinetic parameter obtained by the B—S method
leads to very good results.

Regarding the complex character of the degradation
process, a kinetic method able to discriminate between two
or more steps was necessary.

(iii) The non-parametric kinetic method

The NPK method, elaborated by Nomen and Sempere [13—
15] for processing of DSC data was subsequently modified
and largely applied in the kinetic analysis [16-20].

The reaction rates, r = do/df, obtained at different
heating rates, were represented in a three-dimensional
coordinate system (r, T, o) and interpolated by a proper
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algorithm so that a continuous reaction rate surface was
obtained. Based on the assumption that the reaction rate
can be expressed as a product of two independent func-
tions, f(T) and g(a), the obtained surface was organized as
an i X j matrix where the rows correspond to different
degrees of conversion (o; — o;) and the columns corre-
spond to different temperatures (7}, — T;). Each element i, j
of the matrix M is:

M;; = g(o) - f(T)) (7)

Using the singular value decomposition (SVD)
algorithm [a] the matrix was decomposed according to:

M =U- (diag S) - V" (8)

A vector u; (the first column of U) was analyzed in
respect of dependence on the conversion degree, according
to the equation suggested by Sestak and Berggren [b]:

glo) =" (1 —a)f )

A similar vector, v; (corresponding to matrix V) was
checked for an Arrhenius type temperature dependence.

If the degradation process is a complex one, for exam-
ple, with two simultaneous reactions having the rate r; and
>, then the observed reaction rate will be:

(10)

r=r+nr
and consequently

M=M, +M, (11)

The contribution of each step to the observed process
will be expressed by the explained variance /, so that
)»1 + iz = 100%.

By applying this data processing strategy, a discrimi-
nation between two or more simultaneous processes is
possible. Also the SVD algorithm allows a ‘“natural”
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Table 3 Kinetic parameters obtained from the kinetic study

Sample NPK parameters

M% E/KI mol™! Als! m n  E,/kJ mol™!

283 78.1 108.1 38x10° 1 32 1174
19.6 169.0 94 x 108 0 312

383 470 1194 65 % 10" 1 372 1304
429 168.7 75 x 104 0 2
10.1 195 46 x 10 1

483 86.8 107.6 7.0 x 10° 0 122.6
132 145.1 63 x 102 13 2

MS 82.8 106.3 34x10° 1 32 1093
150 1420 502 x 10" 0 32

separation of the influences of the temperature, respec-
tively, conversion degree.

The data obtained by applying the modified NPK
method on TG/DTG data processing are systematized in
Table 3. There is observed a multi-step process (at least
two) by all the four samples, but the second one does not
exceed a significance of 15-20%. A noticeable exception is
sample 3S (with reactive antioxidant) where two simulta-
neous processes had over 40% contribution.

Another observation is regarding the kinetic homoge-
neity of the principal process: for all samples the conver-
sion function is g(o) = o - (1 — o)*?, the exception being
the sample 4S, i.e. the mixtures of the both reactive and
non-reactive stabilizers.

Conclusions

The effect of a thermostabilization on a polyurethane foam
can be studied using an adequate kinetic analysis strategy.
The strategy suggested here presumes a way from simple to
more sophisticated methods, even if the latest one is more
formal.

The Friedman’s method, excellent for one step processes
is useless due to the multistep nature of the thermooxida-
tive degradation of the samples. The NPK method allows at
the same time a discrimination between two simultaneous
steps and a separation of the temperature, respective con-
version dependence of the reaction rate, without any
hypothesis.

The use of a mixture of reactive, respectively, non-
reactive stabilizers with similar chemical structure leads to
a synergetic effect. The major effect in this case is rather on
the conversion function.

Acknowledgements This work was financially supported by
authors and theoretic by Romanian Ministry of Education, Research
and Innovation between Grant 574/2009, PN 11, ID_2376. Paul Albu
is beneficiary of financial support of: POSDRU 8/1.5/S/49516.

References

1. Berta M, Lindsay C, Pans G, Camino G. Effect of chemical
structure on combustion and thermal behaviour of polyurethane
elastomer layered silicate nanocomposites. Polym Degrad Stab.
2006;91:1179-91.

2. Hatchett DW, Kodippili G, Kinyanjui JM, Benincasa F, Sapochak
L. FTIR analysis of thermally processed PU foam. Polym Degrad
Stab. 2005;87:555-61.

3. Duquesne S, LeBras M, Bourbigot S, Delobel R, Camino G,
Eling B, Lindsay C, Roels T. Thermal degradation of polyure-
thane and polyurethane/expandable graphite coatings. Polym
Degrad Stab. 2001;74:493-9.

4. Vlase T, Doca N, Vlase G, Bolcu C, Borcan F. Kinetics of non-
isothermal decomposition of three IRGANOX-type antioxidants.
J Therm Anal Calorim. 2008;92:15-8.

5. Vlase T, Bolcu C, Vlase G, Mogos A, Doca N. Thermooxidative
stabilization of a MDI Polyol polyisocyanate. J Therm Anal
Calorim. 2010;99:973-9.

6. Brown ME, Maciejewski M, Vyazovkin S, Nomen R, Sempere J,
Burnham A, et al. Computational aspects of kinetic analysis: part
A: the ICTAC kinetics project-data, methods and results. Ther-
mochim Acta. 2000;355:125-43.

7. Friedman HL. Kinetics of thermal degradation of char-foaming
plastics from hermogravimetry: application to a phenolic resin.
J Polym Sci. 1965;6C:183-95.

8. Budrugeac P, Segal E. Nonisothermal kinetics of reactions whose
activation-energy depends on the degree of conversion. Ther-
mochim Acta. 1995;260:75-85.

9. Budrugeac P, Segal E. On the apparent compensation effect
observed for two consecutive reactions. J Therm Anal Calorim.
1999;56:835-42.

10. Budrugeac P, Popescu C, Segal E. Change of the apparent
reaction order with temperature as a consequence of the reaction
mechanism. J Therm Anal Calorim. 2001;64:821-7.

11. Birta N, Doca N, Vlase G, Vlase T. Kinetic of sorbitol decom-
position under non-isothermal conditions. J Therm Anal Calorim.
2008;92:635-8.

12. Vlase T, Muntean C. “Kinetics of thermal decompositions of
some nitrophosphate fertilizers with micronutriens in isothermal
conditions. J Therm Anal Calorim. 2008;92:559-62.

13. Serra R, Nomen R, Sempere J. The non-parametric kinetics a new
method for the kinetic study of thermoanalytical data. J Therm
Anal Calorim. 1998;52:933-43.

14. Serra R, Sempere J, Nomen R. A new method for the kinetic
study of thermo-analytical data: the non-parametric kinetics
method. Thermochim Acta. 1998;316:37.

15. Sempere J, Nomen R, Serra R. Progress in non-parametric
kinetics. J Therm Anal Calorim. 1999;56:843-9.

16. Vlase T, Vlase G, Doca N, Bolcu C. Comparative kinetic analysis
with NPK method. J Therm Anal Calorim. 2005;80:59-64.

17. Vlase T, Vlase G, Doca M, Doca N. Specificity of decomposition
of solids in non-isothermal conditions. J Therm Anal Calorim.
2005;80:207.

18. Vlase T, Vlase G, Doca N. Thermal stability of food additives of
glutamate and benzoate type. J Therm Anal Calorim.
2005;80:425-8.

19. Vlase T, Vlase G, Birta N, Doca N. Comparative results of
kinetic data obtained with different methods for complex
decomposition steps. J Therm Anal Calorim. 2007;88:631-5.

20. Vlase G, Vlase T, Doca N. Thermal behavior of some phenitoine
pharmaceuticals. J Therm Anal Calorim. 2008;92:259-62.

@ Springer



	Kinetics of degradation under non-isothermal conditions of a thermooxidative stabilized polyurethane
	Abstract
	Introduction
	Experimental
	PU synthesis
	Thermogravimetry

	Results and discussions
	Thermoanalytical data
	Kinetic analysis
	(i) Friedman’s differential isoconversional method [7]
	(ii) The Budrugeac--Segal method [8--10]
	(iii) The non-parametric kinetic method


	Conclusions
	Acknowledgements
	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


