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Abstract The evaporation of octanoic (caprylic) acid was

investigated by means of thermogravimetric analysis

(temperature range: 300–600 K) under a nitrogen dynamic

atmosphere (heating rates: 0.16, 0.31, 0.63, 1.25, 2.5, 5 and

10 K min-1). Kinetic plots for a zero-order process were

constructed based on the Arrhenius equation. The activa-

tion energy for the evaporation process was calculated via

both the Arrhenius plot and Vyazovkin’s isoconversional

model-free method.

Keywords Caprylic acid � Model-free kinetics �
Vaporization

Introduction

The use of fatty acids is widely accepted in the food industry

[1]. Many foods contain these acids, and they are often

subjected to thermal treatment during processing, storage

and preparation. The purpose of this study was to estimate

the vaporization enthalpy of a saturated organic acid (octa-

noic acid) using dynamic thermoanalytical techniques.

One classic method for determining vaporization

enthalpies is to use a Calvet-type microcalorimeter [2–4],

where a liquid sample contained in a small thin glass

capillary tube sealed at one end is dropped at room tem-

perature into the hot reaction vessel in the microcalorimeter

maintained at a specific temperature and removed from the

hot zone by vacuum vaporization. As the experimental heat

flow does not directly provide the vaporization enthalpy of

the liquid, additional assays must be performed. Accord-

ingly, thermal corrections for the glass capillary tubes are

determined in separate experiments, being reduced as far as

possible by dropping tubes of nearly equal mass into each

of the twin calorimeter cells.

Another technique used to measure the thermodynamic

properties of substances is gas chromatography [5, 6], in

which the plot of ln (1/tr) versus T-1, where tr is the

retention time corrected for the dead volume, results in a

straight line whose slope, when multiplied by the gas

constant, affords Dg
solHm. A modification of this technique

was described in 1995 [7]. These modifications eliminate

the need for calorimetric measurements and generally

simplify the experimental aspects of the procedure. In the

case where compounds are properly selected with regards

to molecular structure, plotting Dg
solHm against the known

vaporization enthalpy at temperature T also affords a

straight line. The equation of this line can be used to

evaluate the unknown vaporization enthalpy of any struc-

turally related material provided that the unknown is ana-

lyzed at the same time as the standards. The advantages of

this method are its speed and accuracy and the small

sample sizes required. In addition, whereas most thermo-

chemical measurements require purities in excess of 99%,

there is no minimum purity requirement for this method.

Transpiration studies are another way of obtaining

enthalpies [8, 9]. This method is performed in a heated tube
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containing a finely powdered sample mixed with glass

pellets and connected to a cooled trap, a flow of nitrogen

being slowly passed through the tube. The amount of

condensed product is determined by gas chromatography

using an internal standard. The vapour pressure at the

saturation temperature and the molar enthalpy of vapori-

zation is calculated from the linear correlation of the log-

arithm of the concentration of the sample versus T-1.

Vaporization enthalpies can also be obtained from

pressure and boiling temperature data using the Clausius–

Clapeyron equation,

ln P ¼ B� A=Tð Þ: ð1Þ

Assuming that the vapour behaves as an ideal gas, the

plot of log P versus 1/T results in a straight line with a

slope of -DHv/2.303R, where DHv represents the enthalpy

of vaporization, assumed to be constant over the measured

temperature range, and R is the ideal gas constant [10].

There is a large dispersion in the data on enthalpies

of vaporization, even when they are obtained by means of

classical methods. Thus, the accuracy and reliability of

numerous values reported in the literature are questionable.

In these cases, the estimation methods provide some

rational values in cases when experimental data are lacking

and also screen the reliability of the data when such data

are available [7, 11].

The employment of dynamic thermoanalytical tech-

niques in the experimental determination of both melting

and vaporization enthalpies has been widely reported in the

literature [12–20]. These techniques are considered to be

quite satisfactory and several studies are available in which

the values obtained by thermoanalytical methods are

compared with those obtained by classical methods in the

laboratory. The use of these techniques in the study of

boiling processes presents problems such as vapour-liquid

equilibrium and the control of atmospheric pressure. In

order to avoid evaporation and to ensure equilibrium con-

ditions, experiments may be carried out including a solid in

contact with the liquid [21]. Using this method, both

vaporization enthalpy and boiling temperature were satis-

factory obtained for palmitic acid using the DSC technique

with addition of a-alumina in contact with the acid [22].

Thermogravimetric analysis has been used to determine

the kinetics of evaporation for different substances [23–

26]. The shape of the thermogravimetric curve is a function

of the reaction kinetics and can hence be used to evaluate

kinetic parameters for reactions involving mass changes.

Evaporation is the transition from the liquid to the vapour

phase, without any change in chemical composition. Thus,

in an evaporation process, the product of reaction may be

assumed to be similar to the activated state. In this limit

case, the activation energy (E) for the vaporization process

will approach the latent heat of vaporization [27, 28]. Since

an evaporation process is a zero-order reaction, kinetic

analysis can be performed by applying the Arrhenius

equation. However, kinetic analysis typically performed by

means of thermogravimetic curves implies more complex

reactions that usually include overlapped multi-step pro-

cesses. In these cases, the kinetic order, which depends on

the reaction mechanisms, is normally unknown. One way

of solving this problem is to use kinetic analysis based on

isoconversional (model-free) methods. These kinds of

methods allow evaluation of the effective activation energy

as a function of the process extent without assuming any

predetermined reaction mechanism [29].

In this paper, the vaporization process of caprylic acid is

used to prove two related assumptions: (i) isoconversional

methods are also useful to study elemental thermal pro-

cesses, and (ii) the vaporization enthalpy of volatile liquids

by kinetic methods.

Experimental

Materials

The octanoic acid was of reagent grade (Aldrich) and was

used without further purification. Thermogravimetric

analyses were performed on a Mettler TA 4000 system,

Model TG50. A stream of nitrogen at a flow rate of

50 mL min-1 was used as inert atmosphere, within a

temperature range from 300 to 600 K, accurate to ±0.2 K

and under atmospheric pressure. Experiments were carried

out at seven different heating rates (0.16, 0.31, 0.63, 1.25,

2.5, 5 and 10 K min-1). The samples of octanoic acid, with

a mass of 28 ± 2 mg, were placed in open aluminum

crucibles of 100 lL (ME-51119872). Each experiment was

replicated five times.

Determination of kinetic parameters

The rate of heterogeneous reactions can be described by

da
dt
¼ k Tð Þf að Þ ð2Þ

where t is time, k(T) is a temperature-dependent constant

and f(a) is a function called the reaction model, which

describes the dependence of the reaction rate on the extent

of reaction, a. In a TG experiment, in which we obtained

the variation in mass versus temperature, the extent of

reaction is calculated using the following equation:

a ¼ mi � mtð Þ
mi � mf

� � ð3Þ
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where mi and mf are the initial and final masses,

respectively, and mt is the mass at the specific time t.

There are many methods for analysing kinetic data

based on Eq. 1 [30]. These methods may be classified into

model-fitting and isoconversional (model-free) methods in

accordance with the mathematical analysis employed.

In the model-fitting method, the term f(a) is determined by

fitting various reaction models to experimental data. Sub-

sequently, k(T) can be evaluated by the form of f(a) chosen.

The term f(a) can be obtained from the tables of different

mechanisms. In the present case, we studied an evaporation

process that is a zero-order reaction and f(a) is equal to one.

Hence, k(T) is equal to da/dt. The rate of evaporation is

represented by dm/dt. For zero-order processes, the constant

k(T) can be calculated by dividing dm/dt by the cross-sec-

tional area of the crucible used for the sample. Then, when

k(T) is known, the Arrhenius equation can be applied

k Tð Þ ¼ Ae�E=RT ð4Þ

or

ln k Tð Þ ¼ ln A� E

RT
ð5Þ

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

energy, and R the gas constant. Therefore, a plot of ln k(T)

versus (1/T) will produce E as the slope 9 R.

Model-free isoconversional methods allow the activa-

tion energy to be estimated as a function of a without

choosing the reaction model. The basic assumption of these

methods is that the reaction rate are constant extent of

conversion a depends solely on temperature [31–34].

Hence, constant E values can be expected in the case of

single state decomposition (as is the case of an evaporation

process), while in a multi-step process E varies with a due

the variation in the relative contributions of each single

step to the overall reaction rate.

Considering that the experiments are performed at a

constant heating rate, the rate of the process can be

described by

da
dT
¼ A

b
e�E=RT f að Þ: ð6Þ

There are several isoconversional methods that can be

used. To use these methods, a series of experiments was

conducted at different heating rates [35, 36].

Vyazovkin et al. developed an isoconversional method

which allows both simple and complex reactions to be

assessed [37]. Integrating a up to conversion, Eq. 4 gives
Z a

0

da
f að Þ ¼ g að Þ ¼ A

b

Z T

T0

e�E=RTdT : ð7Þ

Since E/RT � 1, the temperature integral can be

approximated by

Z T

T0

e�E=RT dT � R

E
T2e�E=RT : ð8Þ

Substituting the temperature integral and taking the

logarithm gives

ln
b
T2

a

¼ ln
RA

EagðaÞ

� �
Ea

R

1

Ta
: ð9Þ

To apply the method, it is necessary to obtain at least

three different heating rates (b), the respective conversion

curves thus being evaluated from the measured TG curves.

For each conversion (a), ln b=T2
a

� �
plotted against 1/Ta

gives a straight line with slope -Ea/R, thus obtaining the

activation energy as a function of the conversion.

Results and discussion

The TG curve represents the loss of mass with respect to

temperature and time. The obtained curves for the different

heating rates are ordered, as expected, in accordance with

the heating rate; higher heating rates thus led to vapori-

zation occurring at higher temperatures (Fig. 1).

The activation energy of the process (E) was estimated

as a function of the heating rate using both model-fitting for

zero-order reactions and Vyazovkin’s model-free kinetics.

Figure 2 shows the representation of ln kvap versus 1/T,

plotted from the data obtained from the DTG curves. The

represented values correspond to the range of temperatures

prior to the inflection point on the DTG curve so as to

ensure a good coefficient of linear regression in the

resulting straights lines (R2 C 0.995). The activation

energies E = -(slope/R) were then calculated from the

slope of each line. Simple visual inspection indicates that

Fig. 1 TG curves obtained at different heating rates (0.16, 0.31, 0.63,

1.25, 2.5, 5 and 10 K min-1) ordered from minimum (left) to

maximum (right) heating rate
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these straight lines are not parallel; evidently, the calcu-

lated activation energy values are influenced by the

experimental heating rate used in their estimation

(Table 1). This finding is not surprising, as the application

of the Arrhenius equation implies that the system is at

thermodynamic equilibrium, which is truer at slow heating

rates. Figure 3 shows the obtained variation in E values

versus the heating rate. As can be seen, this curve can be

fitted to an exponential decay (R2 = 0.992). Extrapolating

this curve to zero, we obtained a value of 72 kJ mol-1

(corresponding to a zero heating rate). This datum is in

good agreement with the caprylic acid vaporization

enthalpy (determined by ebulliometry) compiled in the

‘‘Handbook of the Thermodynamics of Organic Com-

pounds’’ [40], although a great dispersion exists depending

on the method used for their determination (see Table 2).

Vyazovkin’s model-free kinetics, on the other hand,

requires at least three dynamic curves with different heat-

ing rates. In the present study, the TG curves were obtained

employing seven different heating rates (see Fig. 1). The

experimental TG curves were then used to construct the

respective conversion curves, which were employed to

calculate the apparent activation energy of the process

following Vyazovkin’s method. This calculation was per-

formed using all the experimental data grouped at three,

four, five, six or seven different heating rates. Table 3

shows the E-values obtained at half-conversion (50%).

Their value is almost independent of how many experi-

mental TG-curves are used in the analysis; only the dis-

persion of the results improves if more curves are used.

Figure 4 shows the activation energy as a function of the

degree of vaporization (all the experimental data are used).

This curve has a decerelatory shape especially at low

conversions when the temperature of evaporation is not

stabilised, as should be expected for nonisothermal pro-

cesses where the enthalpies of vaporization are inversely

related to temperature [44]. The apparent value of activa-

tion energy of the process of vaporization of octanoic acid

decreases as the reaction extent increases, reaching a value

Fig. 2 The rate constant Neperian logarithm for the evaporation of

octanoic acid versus the inverse of the temperature at different heating

rates (for symbols, see Fig. 1)

Table 1 Activation energy (E) obtained from the Arrhenius plot

using different heating rates (hr)

hr (K min-1) 0.16 0.31 0.63 1.25 2.5 5 10

E (kJ mol-1) 70.1 69.7 69.0 64.7 59.7 56.2 53.9

Fig. 3 Activation energy (obtained from Fig. 2) versus heating rate

Table 2 Vaporization enthalpy (DHv) data for octanoic acid

DHv (kJ mol-1) Procedure Reference

81.0 ± 0.6 Transpiration [38]

82.9 ± 1.0 Effusion and torsion [39]

81.2 Gas chromatography [7]

85.3 Vapor pressure data [40]

79.8 ± 0.6 Transpiration [38]

66.6 Calculated from the vapor pressure

data reported by the method

of least squares

[41]

74.4 Ebulliometry and calculated from the

vapor pressure data reported by the

method of least squares

[40]

80 Ebulliometry and calculated from the

vapor pressure data reported by

the method of least squares

[42]

70 Isoteniscope [43]

Table 3 Activation energy (E) at half-conversion, obtained from

Vyazovkin’s isoconversional method using a variable number of

different heating rates (nhr)

nhr 3 4 5 6 7

E (kJ mol-1) 74 ± 11 73 ± 7 73 ± 4 74 ± 3 74 ± 1
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of 74 ± 1 kJ mol-1 for half-conversion, a similar datum to

the average value in the lineal variation zone (73 kJ mol-1,

35–95% conversion).

Conclusions

The activation energy of a vaporization process provides an

approximation of the latent heat of vaporization. The

present study indicates that the activation energy obtained

by direct application of the Arrhenius equation in the

kinetic analysis for a zero-order process (as is the evapo-

ration of caprylic acid) depends on the heating rate.

However, the application of Vyazovkin’s model-free

method affords the activation energy directly. We propose

kinetic model-free methods as a useful tool for studying

dynamic processes involved in vaporization in complex

volatile liquids.

Acknowledgements We are grateful for financial support from the

Spanish Ministerio de Educación y Ciencia (MAT2006-01997), and

the Gobierno del Principado de Asturias (PC-06-020).

References

1. Chow CK, editor. Fatty acids in foods and their health implica-

tions. 3rd ed. Boca Raton: CRC Press; 2008.

2. Adedeji FA, Brown DSL, Connor JA, Leung M, Paz-Andrade

MI, Skinner HA. Ironolefin complexes: enthalpies of thermal

decomposition. J Organomet Chem. 1975;1:85–90.

3. Ribeiro da Silva MAV, Matos MA, Amaral LM. Thermochemical

study of 2-, 4-, 6-, and 8-methylquinoline. J Chem Therm. 1995;

27:565–74.

4. Sabbah R, Antipine I, Coten M, Dhabi L. Reflections concerning

calorimetric measurements of sublimation or evaporation enthal-

pies. Thermochim Acta. 1987;115:153–65.

5. Fusch R, Chambers EJ, Stephenson WK. Enthalpies of interaction

of nonpolar solutes with nonpolar solvents. The role of solute

polarizability and molar volume in solvation. Can J Chem.

1987;65:2624–7.

6. Fekete ZA, Heberger K, Kiraly Z, Goergenyi M. Temperature

dependence of solvation heat capacities by gas chromatography.

Anal Chim Acta 2005;549:134–9.

7. Chickos JS, Hosseini S, Hesse DG. Determination of vaporization

enthalpies of simple organic molecules by correlations of changes

in gas chromatographic net retention times. Thermochim Acta.

1995;249:41–61.

8. Flamm-Ter Meer MA, Beckhaus HD, Ruechardt C. Thermolabile

hydrocarbons. XXVI. Heat of formation of 1,1,2,2-tetra-tert-

butylethane. Thermochim Acta. 1984;80:81–9.

9. Chickos JS, Hesse DG, Hosseini S, Liebman JF, Mendenhall D,

Verevkin SP, et al. Enthalpies of vaporization of some highly

branched hydrocarbons. J Chem Thermodyn. 1995;27:693–705.

10. Reid RC, Prausnitz JM, Poling BE. The properties of gases and

liquids. New York: McGraw-Hill; 1987.

11. Liu ZY. Estimation of heat of vaporization of pure liquid at its

normal boiling temperature. Chem Eng Comm. 2001;184:221–8.

12. Tsuchiya M, Kojima T. Melting behavior of poly(tetrahydrofu-

rans) and their blends. J Therm Anal Calorim. 2003;72:651–5.

13. Montserrat S, Roman F, Colomer P. Study of the crystallization

and melting region of PET and PEN and their blends by TMDSC.

J Therm Anal Calorim. 2003;72:657–66.

14. Sánchez-Soto PJ, Gines JM, Arias MJ, Novak C, Ruiz-Conde A.

Effect of molecular mass on the melting temperature, enthalpy

and entropy of hydroxy-terminated PEO. J Therm Anal Calorim.

2002;67:189–97.

15. Marini A, Berbenni V, Bruni G, Villa M, Orlandi A. Thermal

decomposition and melting of a new carboxyindole derivative. J

Therm Anal Calorim. 2002;68:389–96.

16. Popa VT, Segal E. Shape analysis of DSC ice melting endo-

therms. Toward an estimation of the instrumental profile. J Therm

Anal Calorim. 2002;69:149–61.

17. Juhász P, Varga J, Belina K, Marand H. Determination of the

equilibrium melting point of the b-form of polypropylene. J

Therm Anal Calorim. 2002;69:561–74.

18. Semko LS, Dzyubenko LS, Ogenko VM, Revo SL. Melting and

thermodestruction processes in the poly(ethylene)-nanocrystal-

line nickel system. J Therm Anal Calorim. 2002;70:621–31.

19. Mogi K, Kubokawa H, Hatakeyama T. Effect of dyeing on

melting behavior of poly(lactic acid) fabric. J Therm Anal Cal-

orim. 2002;70:867–75.

20. Etzler FM, Conners JJ. A DSC/TGA method for determination of

the heat of vaporization. Thermochim Acta. 1991;189:185–92.

21. Goodrum JW, Geller DP, Lee SA. Rapid measurement of boiling

points and vapor pressure of binary mixtures of short-chain tri-

glycerides by TGA method. Thermochim Acta. 1998;311:71–9.

22. Cedeño F, Prieto MM, Espina A, Garcı́a JR. Fast method for the

experimental determination of vaporization enthalpy by differ-

ential scanning calorimetry. J Therm Anal Calorim. 2003;73:

775–81.

23. Chatterjee K, Dollimore D, Alexander KS. Calculation of vapor

pressure curves for hydroxybenzoic acid derivatives using ther-

mogravimetry. Thermochim Acta. 2002;107:392–3.

24. Shen L, Alexander KS, Dollimore D. A thermal analysis study of

myristic acid. Thermochim Acta. 2001;367:69–74.

25. Hazra A, Dollimore D, Alexander KS. Thermal analysis of the

evaporation of compounds used in aromatherapy using thermo-

gravimetry. Thermochim Acta. 2002;392:221–9.

26. Hazra A, Alexander KS, Dollimore D, Riga A. Characterization

of some essential oils and their key components. J Therm Anal

Calorim. 2004;75:317–30.

27. Vecchio S, Catalani A, Rossi V, Tomassetti M. Thermal analysis

study on vaporization of some analgesics. Acetanilide and deriv-

atives. Thermochim Acta. 2004;420:99–104.

Fig. 4 Vyazovkin’s method: activation energy (obtained from all

seven experimental TG curves) versus conversion

Model-free kinetics applied to the vaporization of caprylic acid 461

123



28. Shen L, Alexander KS. Thermal analysis study of long chain fatty

acids. Thermochim Acta. 1999;340:271–8.

29. Vyazovkin S. Model-free kinetics. Staying free of multiplying

entities without necessity. J Therm Anal Calorim. 2006;83:45–51.

30. Vyazovkin S. Isothermal and non-isothermal kinetics of thermally

stimulated reactions of solids. Int Rev Phys Chem. 1998;17:407–33.

31. Schweitzer RC, Small GW. Performance enhancement of vector-

based search systems: Application to carbon-13 nuclear magnetic

resonance chemical shift prediction. J Chem Inf Comp Sci.

1996;36:46–53.

32. Flynn JH, Wall LA. General treatment of the thermogravimetry

of polymers. J Res Natl Bur Stand A. 1996;70:487–523.

33. Ozawa T. A new method of analyzing thermogravimetric data.

Bull Chem Soc Jpn. 1965;38:1881–6.

34. Friedman H. Products of flash pyrolysis of phenol-formaldehyde by

time-of-flight mass spectroscopy. J Polym Sci C. 1965;9:651–62.

35. Vyazovkin S. Evaluation of activation energy of thermally

stimulated solid-state reactions under arbitrary variation of tem-

perature. J Comp Sci. 1997;18:393–402.

36. Abdel-Kader A, Saleh SI. Thermal analysis of dihydrated sodium

orthophosphate crystals in the temperature range 25–600 �C.

Thermochim Acta. 1991;181:203–14.

37. Vyazovkin S, Sbirrazzuoli N. Confidence intervals for the acti-

vation energy estimated by few experiments. J Anal Appl Pyrol.

1997;355:175–80.

38. Verevkin SP. Measurement and prediction of the monocarboxylic

acids thermochemical properties. J Chem Eng Data. 2000;45:

953–60.

39. De Kruif CG, Oonk HA. Enthalpies of vaporization and vapor

pressures of seven aliphatic carboxylic acids. J Chem Therm.

1979;11:287–90.

40. Stephenson RM, Malanowski S, Ambrose D. Handbook of the

thermodynamics of organic compounds. New York: Elsevier;

1987.

41. Ambrose D, Ghiassee NB. Vapor pressures and critical temper-

atures and critical pressures of some alkanoic acids: C1 to C10.

J Chem Thermodyn. 1987;19:505–19.

42. De Kruif GC, Schaake RCF, Van Miltemburg JC, Van der Klauw

K, Block JG. Thermodynamic properties of the normal alkanoic

acids. III. Enthalpies of vaporization and vapor pressures of 13

normal alkanoic acids. J Chem Thermodyn. 1982;14:791–98.

43. Cramer JSN. Vapor-pressure measurements on some organic

substances. Rec Trav Chem. 1943;62:606–10.

44. Khawam A. Application of solid-state kinetics to desolvation

reactions. Thesis, University of Iowa. 2007. http://etd.lib.uiowa.

edu/index2007.html.

462 S. Arias et al.

123

http://etd.lib.uiowa.edu/index2007.html
http://etd.lib.uiowa.edu/index2007.html

	Model-free kinetics applied to the vaporization of caprylic acid
	Abstract
	Introduction
	Experimental
	Materials
	Determination of kinetic parameters

	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

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


