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Abstract Over the past years, the production of biodiesel

has significantly increased in Brazil due to its obligatory

use in the composition of diesel for vehicle use. As a result,

in the most ordinary processes, a hundred thousand tons of

glycerol is produced as by-product per 1 billion liters of

biodiesel. Glycerol has already been widely studied.

Nonetheless, the quantity produced today demands new

proposals for uses, such as a fuel. In this aim, the authors

studied the kinetics of the thermal processing of glycerol.

In this research, thermogravimetry (TG), derivative ther-

mogravimetry (DTG), and differential thermal analysis

(DTA) were used to provide the experimental data. Kinetic

parameters were calculated by Kissinger method for the

global process observed during the heating of the samples

from the room temperature up to 600 �C, both in open and

in sealed crucibles (with a little hole). Kinetic data were

also determined at different isoconversion conditions dur-

ing heating, by applying Ozawa–Flynn–Wall and Blaze-

jowski methods to TG data. Results show that glycerol

heated from 30 to 600 �C, under normal pressure, does not

experience simple volatilization. The activation energies

calculated at different conversion degrees by these methods

show that only volatilization occurs when the mass loss of

glycerol is lower than 40% and that for higher conversion

degrees, partial thermal decomposition and/or dissociation

of glycerol are occurring as well. These facts are also

confirmed by the volatilization enthalpies estimated using

another method developed by Blazejowski based on Van’t

Hoff equation.

Keywords Glycerol � Thermal processing � Kinetics �
TG–DTG–DTA

Introduction

Biodiesel is industrially produced by the reaction of veg-

etable oils or animal fats with methanol or ethanol, to

generate mono-alkyl-esters and glycerin [1, 2]. Presently,

due to the Brazilian 11097/2005 law obligating the addition

of biodiesel to the diesel consumed in Brazil, 1 billion liters

of biodiesel are produced per year and, in most ordinary

processes, with a co-production of 1 hundred thousand tons

of glycerol [3, 4].

Glycerol is a polyalcohol, and the three hydroxyls are

responsible for the hydrogen bonds, for its high boiling

point (290 �C) and also for the infinite solubility in water

and ethanol [5, 6]. In environmental conditions, this

polyalcohol is liquid, colorless, odorless, viscous, sweet,

and has many uses. It has been utilized in industries such as

cosmetics, food, tobacco, drugs, and also as a raw material

for hundreds of other products, as in explosives, polymers

(e.g., as a plasticizer [7]), and biotechnology industries [7,

8]. Owing to its large use, glycerol has been widely stud-

ied; however, the growing production demands new pro-

posals. In some industries, for instance, it is already used as

a source of energy when it is burned, thus replacing part of

M. L. Castelló � J. Dweck (&) � D. A. G. Aranda

School of Chemistry, Federal University of Rio de Janeiro,

Bloco E of CT, rooms E-206 e E-211, Cidade Universitária,
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Fluminense Federal Institute, Campus Macaé. Rod. Amaral
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the combustible oil [9]. The aim of this work is to study the

thermal behavior of glycerol, from kinetic analysis mainly

of TG and DTG analysis data.

The Kissinger method [10] is one of the first free

kinetics model applied to thermal analysis data of chemical

decomposition reactions. It was initially developed for

differential thermal analysis (DTA) data and based on the

Arrhenius equation:

k ¼ da=dt ¼ A � eð�E=RTÞ ð1Þ

where A is the pre-exponential factor, E is the activation

energy, R is universal gas constant (8.314 J K-1 mol-1),

T is the absolute temperature, and a is the conversion

degree. The reaction rate da/dt reaches its maximum value

at a specific temperature (Tm), which depends on the

heating rate (b) and which can be determined by the tem-

perature where the DTA or DTG peak maximum signals

occur [11]. In the present case, the heat flow consumed by a

glycerin sample for its volatilization with or without dis-

sociation or decomposition is directly proportional to the

mass loss and actually, Tm values are more precisely

measured from derivative thermogravimetric (DTG) data.

In fact, mass losses are measured faster than thermal

effects, because while mass change effects are immediately

detected, detection of thermal effects depend on the

capacity of thermal exchange between sample and tem-

perature sensors, which in turn have to transmit the signal

to the recording devices. Leiva [12] used thermogravimetry

to determine the activation energy of combustion of fuel

oils and compared the results with those obtained by

ASTM E-1641 kinetic analysis method, concluding that the

Kissinger method applied to thermogravimetry is perfectly

satisfactory.

During the heat treatment of a sample that can undergo

volatilization or pyrolysis (with dissociation or decompo-

sition), the mass loss rate is directly proportional to the heat

flow that the sample receives, and the heat of transforma-

tion is a function of the operating temperature. During a

dynamic thermal analysis, the equipment controller acts

changing the heating power in order to maintain the same

heating rate throughout the analysis. This power increases

as a function of temperature for a same heating rate, which

may be used for volatilization and/or decomposition

mechanisms depending on the thermo chemical properties

of the sample.

The method developed by Kissinger for dynamic ther-

mal analysis at constant heating rates is independent of the

reaction mechanism and is based on the application of

Eq. 2:

ln b=T2
m

� �
¼ �E= RTmð Þ þ lnðAR=EÞ; ð2Þ

where b is the heating rate and Tm, A, and E were previ-

ously defined. The experimental data are analyzed for at

least three heating rate conditions, to confirm linearity

between (b/Tm
2 ) versus 1/Tm data, allowing one to calculate

the mean activation energy for all the transformation pro-

cess. Paine III et al. [13] report that when glycerol is

submitted to 650–675 �C in inert atmosphere, it produces

large quantities of acetaldehyde and formaldehyde. Walli-

yappan et al. [14] also report that in N2 atmosphere,

glycerin heated to 650–800 �C under 1 atm pressure pro-

duces between 70 and 93% of syn gas (H2 and CO) in

addition to CO2, CH4, and C2H4.

Provided that glycerol may undergo not only a simple

volatilization process during heating, but more than one

different competing mechanisms, each with its own acti-

vation energy, the Ozawa–Flynn–Wall free-kinetics iso-

conversion method equation was applied [15], where C(a)

is a function of the conversion degree a:

lnðbÞ ¼ CðaÞ � Ea=ðRTÞ: ð3Þ

Applied for at least three values of heating rate (b) for

different and same values of a, it allows to investigate

whether the mechanism of the overall conversion is

changing with the conversion degree, estimating the

respective activation energy Ea at a conversion degree a.

According to Williams [16], for a non-volatile sub-

stance, such as glycerol, the heating causes a competition

between the decomposition and volatilization, the former

being favored since the activation energy to break the

intramolecular bonds is lower than that required for the

intermolecular bonds.

Analyzing the thermodynamics of volatilization pro-

cesses under dynamic non-isothermal conditions with or

without dissociation and based on Van’t Hoff equation,

Blazejowski [17] developed a method to estimate the

vaporization enthalpy (DHv) through Eq. 4:

ln a ¼ �DHv= nRTð Þ þ DHv= nRTvð Þ; ð4Þ

where a is the vaporized fraction, which is equivalent to the

vaporization degree, DHv is the vaporization enthalpy, T is

the absolute temperature at a conversion degree equal to a,

Tv is the vaporization temperature at atmospheric pressure,

and n is the number of moles of substances that are formed

in vapor phase per each mole of substance being vaporized.

If vaporization occurs without dissociation (or decompo-

sition) of the molecule, the value of n is 1. If vaporization

occurs with dissociation, n is an integer higher than 1.

Admitting initially that in the case of glycerol heating only

vaporization occurs, Eq. 4 was tested by using n = 1.

Blazejowski [17] also developed a method to estimate

the activation energy (E) in non-isothermal vaporization

processes through Eq. 5:

gð1� aÞ ¼ ðZT=bÞe��E=ðnRTÞ; ð5Þ

where g(1 - a) represents the kinetic model, n is defined
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as in Eq. 4, and Z is a constant. Equation 5 can be rewritten

as shown in Eq. 6:

lnðb=TÞ ¼ Z=g 1� að Þ � E=ðnRTÞ: ð6Þ

For a defined value of a, the first term of the right-hand

side of equation is constant. Thus, applying Eq. 6 for

thermogravimetric data obtained at least three values of

heating rate (b) for different and same values of a, the

respective activation energy Ea at different conversion

degrees was also estimated, which change indicates change

in the mechanism of mass loss.

As will be shown, comparison of the results obtained by

the above methods indicates that until 40% of conversion

degree, practically only vaporization occurs. For higher

conversion rates, results indicate that dissociation and/or

decomposition reactions occur.

Experimental

For the experiments Pro Analysis (PA) glycerol from

VETEC has been used. The water content of the samples

was 0.57%, determined by a method developed by the

authors and described in a previous paper [18]. The thermal

analyses of 10–20 mg samples were performed in simul-

taneous TA Instruments TG-DTA equipment, model SDT

2960, at 10, 15, and 20 �C min-1 constant heating rates

from 30 to 600 �C, by using 100 mL min-1 flow of

nitrogen as the purge gas. These analyses were conducted

in both open and sealed aluminum crucibles with holes of

approximately 0.6-mm on the top.

Isothermal analyses were also performed in thermo-

gravimetric equipment developed by Dweck and Souza

Santos and described previously [19–21], where larger

samples can be used. Samples of approximately 1 g were

used and analyzed at 260, 290, 300, and 400 �C in ceramic

crucibles. In order to provide the inert ambient during

heating, quartz covers with 1 mm holes were used.

Kinetic data analysis for non-isothermal analyses is

presented and discussed first using Kissinger method and

Ozawa–Flynn–Wall free-kinetics isoconversion model.

Then volatilization enthalpies and kinetic parameters

obtained using Blazejowski methods are presented and

discussed.

Results and discussion

Analysis performed in open crucibles

Figure 1 demonstrates an example of a set of DTA curves

of pure glycerol, obtained at 10, 15, and 20 �C min-1

heating rates.

The activation energy calculated by Kissinger method,

for the global transformation, is 104.84 kJ mol-1. Since

volatilization is a process that occurs with mass loss and

heat absorption simultaneously, the gravimetric effect can

be measured (in TG/DTG curves) before the temperature

difference effect between the sample and the reference (in

DTA curves). Consequently, the activation energy of the

volatilization of glycerol was also studied through the DTG

curves obtained from the heating programs of 10, 15, and

20 �C min-1 (Fig. 2), and the value calculated for these

data is 107.03 kJ mol-1. The activation energy calculated

is apparently low, in both cases, suggesting that the global

process during the heating of glycerol is mainly a physical

one, similar to the volatilization. On the other hand, a

typical value for these types of transformation is about

83 kJ mol-1 [22–25]; therefore, the calculated activation

energy for the global thermal process indicates that other

phenomena are occurring as chemical reactions.

While Kissinger method uses only the point of maxi-

mum conversion rate, the Ozawa–Flynn–Wall isoconver-

sion method assumes that the conversion rates may be

different in each part of the global conversion, which can

be seen when the activation energy changes along the
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observed transformation. Figures 3 and 4 show this

behavior in correlations obtained from TG/DTG curves.

The results show that glycerol presents two different

types of behavior under thermal processing: one from 10 to

40% of conversion and another from 50 to 90%. It is

possible to see that in the first case (Fig. 3), the angular

coefficients are lower, which lead to lower activation

energies. As a result, between 10 and 40% conversion, it

can be considered that the predominant phenomenon is

volatilization; however, in the 50–90% conversion range,

chemical reactions compete with the volatilization by

increasing the activation energy of the overall transfor-

mation, as temperature increases.

Isothermal analyses at 260, 290, 300, and 400 �C were

performed to estimate apparent activation energy and to

verify the linear correlation, between the natural logarithm

of the average speed of vaporization (ln da/dt), where a is

the mass% of glycerol lost by the sample and the inverse of

absolute temperature (T-1) for each temperature analysis.

This was verified only for a\ 40% by the expression ln
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(da/dt) = -10612T-1 ? 13.031, based on Eq. 1, with a

correlation coefficient equal to 0.9278. From these data,

activation energy of volatilization of 88.19 kJ mol-1 was

estimated, which is very close to the vaporization heat of

glycerin, which is 88.03 kJ mol-1 (at 55 �C) and

75.95 kJ mol-1 (at 195 �C) [25]. The value of the activa-

tion energy obtained for the range of isothermal vapori-

zation within the 260–400 �C temperature range is

consistent, because the activation energy represents the

energy required to promote a shift in the case of endo-

thermic transformations and usually is larger than the heat

of vaporization.

Analysis performed in sealed crucibles (with a pin hole)

Figures 5 and 6 show, respectively, DTA and DTG curves

of glycerol. The respective activation energies calculated

by Kissinger method, were 160.73 and 170.19 kJ mol-1.

The activation energy is lower when the analysis con-

ducted in the open crucibles, because the purge nitrogen

gas quickly carries the vapors produced during the con-

version. As a consequence, this also decreases the partial

pressure of the formed gases in vapor phase accelerating

their formation. This phenomenon is less likely to happen

in a sealed crucible with a hole, because the vapor pro-

duced is prevented from leaving the vicinity of the sample,

which only occurs after reaching the values of vapor

pressure required to overcome the resistance to flow out of

the hole. Such event reinforces the notion that the gener-

ated vapor, once closed in the crucible, delays the vola-

tilization process to higher temperature conditions,

providing conditions for chemical reactions to occur

simultaneously. Figures 7 and 8 illustrate this behavior,

presenting the isoconversion analysis for these data.

The change in the slope of the straight lines is quite clear

after 40% of conversion. The activation energy calculated for

the conversions from 10 to 40% is between 83.37 and

93.74 kJ mol-1, whereas from 50 to 90% it is between 113.67

and 162.84 kJ mol-1.These results, with significantly higher

activation energy values indicate that, for the higher con-

version range, vaporization is occurring with other simulta-

neous decomposing or dissociative phenomena.

Vaporization enthalpy estimates by Blazejowski

method

Blazejowski method to estimate vaporization enthalpy in

non-isothermal experiments with constant heating rate was
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applied to the two ranges of glycerol conversion degrees.

Data obtained at the mean heating rate of 15 �C min-1 were

used for these estimates. Considering as a first hypothesis

that only vaporization occurs, we assumed n = 1. Thus, the

angular coefficient of the linear correlation of ln a versus

T-1 given by Eq. 4 is equal to -DHv/T. Figure 9 shows that

DHv for the 10–40% conversion range is 77.89 kJ mol-1,

which is a compatible value with the vaporization enthalpy

values of the literature of 88.03 kJ mol-1 at 55 �C and

75.95 kJ mol-1 (at 195 �C) [25], as previously mentioned.

However, for the 50–90% conversion range, the angular

coefficient is significantly different from that of the lower

conversion range, which gives an apparent volatilization

enthalpy of 136.84 kJ mol-1. This indicates that the

hypothesis considering that within the higher conversion

range only volatilization occurs is not valid.
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Kinetic parameters estimation by Blazejowski method

Figures 10, 11, 12, and 13 show the correlations obtained

applying Blazejowski method, in the form of Eq. 6, for

constant and different values of conversion of the TG data

obtained at three different heating rates from glycerol anal-

ysis in open and sealed pans with a pin hole in nitrogen flow.

Comparison between the kinetic results

Figure 14 presents the different values of the activation

energies obtained for Ozawa–Flynn and Blazejowski iso-

conversion methods from the analyses performed in SDT

equipment in both cases (open crucibles or sealed crucibles

with little holes), depending on the temperature at which
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each degree of conversion occurred in the analyses at a

15 �C min-1 heating rate. This heating rate was selected

because of its intermediate value compared to the three

ones used for the present study and shows practically how

the sealed (with a pin hole) condition changes the tem-

peratures and activation energies where the same conver-

sion occurs, as a consequence of the increase of partial

pressure of the released gases in vapor phase.
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It can be seen that both isoconversion methods give

same order of magnitude of activation energies for the

different conversion degrees at respective temperatures and

type of pans. Open pan conditions show higher activation

energy than in sealed pans for conversion degrees lower

than 40%. For higher conversion degrees, the opposite

occurs.

Figure 15 shows the comparison between the activation

energies calculated by the isoconversion method in each

degree of conversion of liquid glycerol to gaseous phase

obtained from the analyses in open crucibles and sealed

crucibles with a pinhole. It also presents the activation

energy obtained for its volatilization in the range of

10–40% conversion from isothermal analysis data, as well

as the vaporization enthalpy obtained from Blazejowski

correlation for this conversion range. It is possible to notice

that in this range of conversion, glycerol undergoes simple

volatilization, regardless of the analysis conditions and the

activation energies are little higher than the vaporization

enthalpy estimated by Blazejowski correlation.

It can be seen that the activation energies in the range of

50–90% of conversion are similar for a same type of used

pan, regardless of the temperatures at which they occurred,

but always the values estimated by Ozawa–Flynn isocon-

version method being little higher than those predicted by

Blazejowski method. The higher is the temperature, the

higher is the activation energy in open or sealed pans with a

pin hole, and this effect is much more evident in the last

case. During glycerol thermal processing, the sealed cru-

cible with a little hole prevents the released molecules to be

eliminated by the purge gas, which is a characteristic of

open crucibles. This promotes greater interaction between

them, thus making dissociation and/or decomposition

reactions to happen. It is important to note that after the

isothermal experiments, which were performed with a

much higher mass than SDT experiments, a little carbo-

naceous residue was covering the bottom of the inner part

of the crucibles, indicating that partial thermal decompo-

sition of the glycerol occurred during its volatilization.

Conclusions

• Glycerol heated to temperatures above ambient and up

to 600 �C and under normal pressure does not undergo

only a volatilization.

• The activation energies calculated demonstrate that

volatilization is the predominant process in the range of

10–40% conversion.

• In a sealed pan with a pinhole, the process occurs at

temperatures higher than those in an open pan, and

above 40% of conversion chemical reactions occur

simultaneously with the volatilization.

• Above 40% of conversion decomposition and/or disso-

ciation reactions compete with volatilization in larger

extensions as the temperature increases. This effect is

higher when glycerol is heated in sealed pans with a

pinhole, which force the need of higher temperatures than

in case of open pans to have a same volatilization degree.

• The two different isoconversion methods used to

estimate the kinetic parameters presented very good

correlation coefficients and similar activation energies

for the different conversion degrees of glycerol. Their

values were always higher than the glycerol vaporiza-

tion enthalpy.
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123


	Kinetic study of thermal processing of glycerol by thermogravimetry
	Abstract
	Introduction
	Experimental
	Results and discussion
	Analysis performed in open crucibles
	Analysis performed in sealed crucibles (with a pin hole)
	Vaporization enthalpy estimates by Blazejowski method
	Kinetic parameters estimation by Blazejowski method
	Comparison between the kinetic results

	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


