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Abstract Due to the increasing search for alternative

sources of natural rubber (NR) whose properties are sim-

ilar to Hevea brasiliesis, several sources have been stud-

ied in the past few years. Among them, Mangabeira

(Hancornia speciosa Gomes), which is native to Amazon

rainforest and other regions of Brazil, has a potential as

another viable rubber source. As a continuation of a series

of comparative studies between Hancornia and Hevea

(clone RRIM 600) these two species by our research team,

their thermal behavior was analyzed by thermogravimetry

(TG) using Flynn–Wall–Ozawa’s approach in order to

obtain kinetic parameters (reaction order, pre-exponential

factor and activation energy) of the decomposition process.

Results indicated that the thermal behavior of NR from

Hancornia was comparable to Hevea with some differ-

ences observed as follows: reaction order for Hancornia

was higher than for Hevea at the beginning of degradation

and very close for temperatures over 350 �C; activation

energy and pre-exponential factor had the same trend, i.e.,

increased with increasing degree of conversion remaining

almost constant between 20 and 70% and then increasing

for higher degrees, although Hevea was slightly more

thermally stable than Hancornia. These major influences in

the degradation process in the early stage are attributed to

differences in non-rubber constituents present in these two

species.
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Introduction

For the past few years, there has been an increasing search

for materials from ecologically friendly materials from

renewable resources due to the growing need to reduce

residue accumulation from synthetic polymers [1–5]. In

this context, natural rubber (NR) has been increasingly

replacing synthetic ones in many applications favored by

its unique properties such as elasticity, flexibility and

resilience. Furthermore, NR has a wide range of commer-

cial applications in various products that require superior

properties, including high-performance tires used in air-

craft and automotive industries [1, 6–8].

NR is a natural polymer, high-molecular-mass cis-1.4-

polyisoprene, which can be obtained from over 2,500 dif-

ferent species of plants [1, 3]. However, the most eco-

nomically important source of NR is the Pará rubber tree

(Hevea brasiliensis) due to its facility of plantation and

adaptation to different climates, high productivity and

rubber content in the latex (ca. 30–36%), high molecular
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mass of the polymer, and good chemical and thermal

resistance of the cured products [6–9].

Several rubber-producing plants such as Guayule (Par-

thenium argentatum), dandelion (Taraxacum koksaghy),

golden rod (Solidago canadensis) and Mangaba tree

(Hancornia speciosa Gomes) have emerged in the search

for new alternative sources of rubber [4, 5]. The most

important feature that must be displayed by these sources,

in addition to high productivity, feasibility of cultivation

and harvesting, is high molecular mass, which is the main

factor determining ultimate properties and applications

[5, 7, 8].

Hancornia speciosa Gomes, a member of Apocynacea

family commonly known as ‘‘mangabeira’’, is a plant native

to Amazon rainforest, Caatinga, and Cerrado vegetations in

Brazil that grows more than 10 m tall and is not only well

known for its uses in local cuisine and in traditional medi-

cine—mangabeira fruits can be eaten fresh or consumed as

juice, jellies, confectionery, ice cream, and liquors, and its

latex has been used in treatments for gastrointestinal dis-

orders and tuberculosis [4]—but also has attracted attention

of scientists for its potential use as an alternative source

of rubber [10–12]. However, only recently have the

technological (nitrogen, ash content, plasticity retention

index, Wallace plasticity, Mooney viscosity, dry rubber

content and acetone extract) and structural (protein content,

molecular mass, FTIR, NMR) properties of its rubber been

characterized [11, 12]. The low protein content of Han-

cornia, when compared to Hevea latex, was one of the most

remarkable findings, suggesting its potential in nonallergic

applications.

In addition to the above-mentioned properties, under-

standing of the thermal behavior is of key importance to

rubber industries because both processing and maximum

end-use temperatures depend on this behavior, i.e., in order

to process any rubber product, one needs to know its ther-

mal behavior so that degradation during and after process-

ing is minimized. Moreover, the durability of any finished

rubber product depends, among several other factors, on the

end-use temperature since the higher this temperature the

shorter its durability. In this work, rubber from Hancornia

speciosa Gomes was analyzed by TG in combination with

Flynn–Wall–Ozawa approach, which was used due to its

good reproducibility and relative simplicity of execution, to

assess kinetics parameters in order to compare the thermal

behavior of Hancornia with ‘‘standard’’ NR from Hevea

brasiliesis (clone RRIM 600).

Experimental

Lattices were collected and pooled from 25 trees of Hevea

(RRIM 600) and 60 trees of Hancornia and stabilized in

commercial ammonia solutions. These samples were col-

lected from the same location [Experimental farm of the

São Paulo State University (UNESP), campus of Ilha

Solteira, Brazil, located at 20�220 S of latitude, 51�220 W of

longitude and 335 m of altitude], which is a region with a

characteristic tropical pluvious climate and a predomi-

nantly Rhodic Haplustox soil.

TG analyses were carried out on a thermoanalyzer

model Q 500 (TA Instruments, USA). Dynamic scans were

conducted in a temperature range of 25–600 �C, at constant

heating rates of 5, 10, 15 and 20 �C min-1, under nitrogen

atmosphere at a flux rate of 40 mL min-1. For sample

preparation, about 10 mg of NR was used in an Al2O3

crucible. Experiments were carried out under inert (nitro-

gen) atmosphere to minimize the effect of oxygen in the

thermal degradation process since oxygen causes side

reactions that make the kinetic process extremely difficult

to be comparatively analyzed.

In order to obtain the kinetic parameters of rubber

degradation, thermogravimetric curves were analyzed

according to Flynn–Wall–Ozawa’s approach [13–18]. In

summary, when solid polymeric material undergoes non-

isothermal decomposition at constant heating rate (b = dT/

dt) thermal decomposition events can be described by

daðtÞ
dt
¼ b

daðTÞ
dT

¼ f ðaÞA exp
�E

RT

� �
ð1Þ

where da(t)/dt is the time rate of consumption of polymer

(a being the fraction that undergoes decomposition or the

conversion degree), A is the pre-exponential factor, E is the

activation energy of the degradation process, R the gas

constant, and T is the absolute temperature.

By means of a series of mathematical steps [19–21],

Eq. 1 results in the following expression

ln b ¼ ln
AE

R

� �
� 5:3305� 1:0516

E

RT
� lnðFðaÞÞ ð2Þ

where F(a) is a power series expansion for the integration

of the exponential term of Eq. 1. Therefore, for a constant

degree of conversion (a = constant), the plot of ln(b)

versus 1/T, obtained from TG curves recorded at several

constant heating rates (b) should result in a straight line

whose slope is approximately -1.0516E/R and intercept

yields the pre-exponential factor.

In order to determine reaction order (n), also known as

the Flynn–Wall–Ozawa’s exponent, Avrami’s theory [22]

was extended for non-isothermal conditions giving

aðTÞ ¼ 1� exp
�kðTÞ

bn

� �
ð3Þ

By taking double logarithm in both sides of Eq. 3 with

kðTÞ ¼ A exp �E
RT

� �
, the following expression is obtained:
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lnf� ln½1� aðTÞ�g ¼ lnðAÞ � E

RT
� n lnðbÞ ð4Þ

Therefore, a plot of ln½� lnð1� aðTÞÞ� versus ln(b),

which is obtained at the same temperature from a number

of isotherms taken at different heating rates, should yield

straight lines whose slopes will have the value of the

reaction order [20–22].

Results and discussion

Figure 1 shows the thermogravimetric (TG) and first

derivative (DTG) curves for rubber obtained from Hevea

and Hancornia samples at heating rates of 5, 10, 15 and

20 �C min-1. The onset of thermal decomposition occurred

between 290 and 300 �C, almost independently from the

heating rate. As the decomposition takes place the maxi-

mum of DTG curves shifts from 360 to 395 �C as the

heating rate increases from 5 to 20 �C min-1 for both

species. The end of thermal decomposition process occur-

red up to 490 �C with about 1–3% of char yield. Moreover,

the similarity between the TG curves for these two species

studied is an indication that the decomposition mechanisms

may be the same. This is somewhat expected since both

Hevea and Hancornia species produces essentially cis-1.4-

polyisoprene with little changes in latex composition [11].

On the other hand, when molecular mass and latex com-

position are very different, thermal stability may give rise to

different thermal behaviors.

Figure 2 shows the plots of ln{-ln[1 - a(T)]} versus

ln(b) for the calculation of the reaction order as a function

of the temperature in the active pyrolysis region. The

values of reaction order, calculated from the slopes of the

straight lines in Fig. 2, are shown in Fig. 3 as a function of

the temperature.

It can be seen that reaction order increased with

increasing temperature up to 1.24 and, subsequently,

decreased to a lower value near zero at the completion of

the reaction. This indicates that both the early and the latter

stages of rubber degradation follow zero order kinetics,

whereas the intermediate stages follow a first order kinetics

as reported in our previous works [20, 21].

Polymer degradation is a complex phenomenon involv-

ing many reactions that are difficult to analyze separately.

During the early stages of degradation random scission

occurs along the main chains with simultaneous crosslink-

ing, and therefore becomes an autocatalytic process with the

reaction course. As the reaction proceeds, the increase in

mass fraction of decomposed sample, crosslinked com-

pounds and volatiles liberation contribute to a reduction in

reaction order until it reaches a minimum at higher degrees

of conversion [20, 21]. Therefore, explaining the bell-
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shaped curve of the variation of reaction order with the

temperature (Fig. 3).

It can be also observed that the reaction order for Hevea

rubber was considerably lower than for Hancornia at the

beginning of the degradation and assumed similar values

for temperature over 350 �C. For temperatures over

350 �C, which lie in the active pyrolysis region (300–

475 �C), a significant reduction in non-rubber components

and molecular mass due to chain scission has already taken

place. Thus, the possible differences between the two

sources of rubber due to factors such as non-rubber con-

stituents and molecular mass differences can no longer be

taken into account, and the partly degraded rubbers might

have similar thermal behaviors.

It is well known in the literature that besides polyiso-

prene, its major component, natural rubber contains car-

bohydrates, proteins, lipids, heavy metals and other

components [23–26]. The quantities of these components

depend on clones, seasonal variation and climate, and

influence on the properties of dry rubber, including

mechanical, thermal and industrial ones [11, 20, 21, 23,

27]. However, the major influence of the non-rubber

components on the thermal behavior may take place in the

early stage of the degradation process, at low temperatures,

where they are not yet totally decomposed.

Malmonge et al. [11] studying technological properties

(dry rubber, ashes, nitrogen and protein content, Wallace

plasticity, plasticity retention index and Mooney viscosity

and rubber/latex acetone extract) of latexes and natural

rubbers from Hancornia and Hevea found that the protein

content of Hancornia is much lower than Hevea, therefore

in agreement with the differences found for the thermal

behavior of these two sources of rubber. Moreover, as

pointed out by these authors and corroborated by the
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literature [28, 29], despite not being beneficial for the

thermal behavior, a low protein content rubber can be very

useful in non-allergic applications.

Figure 4 shows the plots of ln(b) versus 103/T for the

calculation of the activation energy (E) as a function of the

conversion degree, a(T). The values of the activation

energy as a function of the conversion degree and the pre-

exponential factor, ln(A), measured as the intercept of the

straight lines of the plots of ln(b) versus 103/T, are shown

in Fig. 5.

Figure 5 shows that both the activation energy and pre-

exponential factor increased with increasing degree of

conversion remaining almost constant for degrees of con-

version between 20 and 70% and then increasing for higher

degrees. This variation in activation energy values was

already expected because when more than one degradation

mechanism is occurring the activation energy will not

always be constant [20, 21]. It can also be observed that, in

agreement with the Flynn–Wall–Ozawa’s exponent values

in Fig. 3, rubber extracted from H. brasiliensis is slightly

more thermally stable than the one from H. speciosa. Since

previous results [11] showed that Hancornia has a molec-

ular mass somewhat higher (1.13 9 106 g mol-1) than

Hevea (1.00 9 106 g mol-1), which would be expected to

confer an opposite thermal behavior, the main factor that

must have contributed to this apparently opposite trend was

the presence of non-rubber constituents, especially the

higher amount of proteins in Hevea. The influence of non-

rubber components on thermal behavior of the two species

is currently under investigation.

Conclusions

Results showed that rubbers extracted from H. speciosa

and H. brasiliensis had a similar thermal behavior. Reac-

tion order indicated a multi-step degradation process for

both rubbers. It was also observed that the reaction order

for Hevea rubber was considerably lower than for Han-

cornia at the beginning of the degradation and assumed

similar values for temperatures over 350 �C. Activation

energy and pre-exponential factor increased with increas-

ing degree of conversion remaining almost constant

between 20 and 70% and then increasing for higher

degrees, therefore in agreement with the reaction order

values. This indicated that rubber extracted from H. bra-

siliensis was slightly more thermally stable than the one

from H. speciosa. The major influence of the non-rubber

constituents on the thermal behavior took place in the early

stage of the degradation process, at temperatures below

350 �C, where they were not yet totally decomposed.

Meanwhile, for temperatures higher than 350 �C, possible

differences between the two sources of rubber due to fac-

tors such as non-rubber constituents and molecular mass

could no longer account for thermal stability due to their

partly or totally degraded nature as well as partial rubber

decomposition. This study therefore shows the potential of

Hancornia as another alternative source of rubber whose

thermal properties can be comparable to rubber from

H. brasiliensis.
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Mattoso LHC. Thermogravimetric studies of the decomposition

kinetics of six different IAC Hevea rubber. Plast Rubber Compos

Macromol Eng. 2006;34:15–21.

24. Tuampoemsab S, Sakdapipanich J. Role of naturally occurring

lipids and proteins on thermal aging behavior of purified natural

rubber. KGK 2007;678–84.

25. Hasma H. Proteins of natural rubber latex concentrate. J Nat

Rubber Res. 1992;7:102–12.

26. Hasma H, Subramaniam A. Composition of lipids in latex of

Hevea brasiliensis clone RRIM 501. J Nat Rubber Res. 1986;1:

30–40.

27. Siler DJ, GoodrichTanrikulu M, Cornish K, Stafford AE, McK-

eon TA. Composition of rubber particles of Hevea brasiliensis,

Parthenium argentatum, Ficus elastica, and Euphorbia lactiflua
indicates unconventional surface structure. Plant Physiol Bio-

chem. 1997;35:881–9.

28. Sussman GL, Beezhold DH. Allergy to latex rubber. Ann Intern

Med. 1995;122:43–6.

29. Estlander T, Jolanki R. Allergic contact dermatitis from rubber

and plastic gloves. In: Kelly L, Boman A, Estlander T, Wahlberg

JE, Maibach HI, editors. Protective gloves for occupational use.

Boca Raton: CRC Press; 2004. p. 127–54.

1050 E. S. Medeiros et al.

123


	A comparative study of the non-isothermal degradation of natural rubber from Mangabeira (Hancornia speciosa Gomes)  and Seringueira (Hevea brasiliensis)
	Abstract
	Introduction
	Experimental
	Results and discussion
	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


