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At present time growing demand and more sever quality specifications are observed for the jet fuels. The reasons of these 
are the growing aviation and the more conscious environmental requirements. The expansion of aviation featured the last 
two decades, especially the 2% at the beginning of the reviewed period approaches 15%, if we calculate in the point of 
passenger kilometers the driven passages with vehicles, buses, railroads and jets. 

It can not be left from focus that aviation generates only 2% of the CO2 emission of the world. This value can grow 
only for 3% to 2050, moreover it generates 12% of the CO2 emission of the full transportation section, for comparison the 
public way transport generates 76% of the CO2 emission. 

One of the greatest problems is the jets that fly at one time more than 1500 kilometers, because aviation produces 
80% of the greenhouse gases. But there are no other alternatives for bridging these distances in the transport section. 

The quality of the jet fuels is improvable with reducing their sulphur- and aromatic content. The hydrogenation of the 
aromatic content of the jet fuels to naphtenic hydrocarbons can produce products that are environment-friendly, they have 
high energy content, lower density, which contributes to satisfying the growing demands. 

Our aim was to study the possibilities of producing low sulphur and aromatic content jet fuels in a catalytic way. On a 
transient metal catalyst we studied the possibilities of quality improving of Russian crude oil based petroleum fraction 
depending on the change of the operating parameters (temperature, pressure, liquid hourly space velocity, volume ratio). 

With 1800 mg/kg sulphur content petroleum on the NiMo/γ-Al2O3 catalyst we carried out the experiments at  
200–340°C, 20–50 bar pressure, 1.0–3.0 cm3/cm3h liquid hourly space velocity and 200-400 Nm3/m3 hydrogen/hydrocarbon 
ratio. 

Based on the quality parameters of the liquid products we found that we made from the Russian based petroleum in 
the adequate technological conditions products which have lower sulphur content than 10 mg/kg and which have reduced 
aromatic content, so these are excellent jet fuels, and their stack gases damage the environment less. 

We blended bioparaffins to the products of the catalytic experiments. We reached products with lower aromatic 
content than 5%. 

Keywords: jet fuel, hydrodesulphurization, bioparaffin, aromatic saturation 

Introduction 

Recent demands for jet fuels have shown significant 
increase in the last 20 years. (Fig. 1) [1]. This was 
generated by the constant growing of aviation. In 
addition the quality requirements of jet fuels get more 
tightened. This was generated by the more severe 
environmental regulations and the increasing quality 
requirements. For the production of the jet fuels with 
good burning properties low aromatic hydrocarbons 
fractions are mainly suitable [1, 2, 3]. 

The expansion of aviation featured the last two 
decades, especially the 2% at the beginning of the 
reviewed period approaches 15, calculating passenger 
kilometres the driven passages vehicles, buses, railroads 
and jets. 

It can not be left from focus that aviation generates 
only 2% of the CO2 emission of the world [5, 6].  
This value can grow only for 3% to 2050, moreover  
it generates 12% of the CO2 emission of the full 

transportation section, for comparison the public way 
transport generates 76% of the CO2 emission [4, 7, 8]. 

 

 
Figure 1: Quantity demands of fuels (EU-27) [1] 
 
One of the greatest problems is the jets that fly at 

one time more than 1500 kilometres, because aviation 
produces 80% of the greenhouse gases. The reason of it 
the reserve fuel is let in the atmosphere at the end of the 
flying, so the formation of green house effect is 
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increased. But there are no alternatives for bridging 
these distances in the transport section [9, 10]. 

Recently the properties of gasolines and diesel gas 
oils got continuously more severe, so the properties of 
jet fuels will become more severe, too. So now some 
people study the possibilities of producing low aromatic 
and low sulphur content jet fuels in a heterogeneous 
catalytic way [2, 7, 8]. 

In our present jet fuels are produced from different 
origin feedstocks. With the increasing demand more 
feedstocks must be in the focus. With using these 
feedstocks environmental friendly (low sulphur- and 

aromatic content) and good performance fuels are 
productable (Fig. 2) [1-6, 11, 12].  

Role of produce jet fuels from triglycerides on 
catalytic way will be more important in the near future. 
During the hydrogenation, the formed normal- and iso-
paraffin hydrocarbons have suitable energetically and 
low temperature properties 

Near the hydrogenation of triglycerides two other 
renewable feedstock processing technology can get role in 
the future; one produces different fuels with transformation 
and hydrogenation of lignocelluloids, while the other is 
the Fischer-Tropsch synthesis, which is applied in our 
present and processes synthesis gas from biomass. 

 
 

 
Figure 2: Classification of jet fuel production possibilities 
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Figure 3: The applied experimental apparatus 

1: bottle-storage; 2, 4, 6: non-return valves; 3, 5: gas reductors; 7: gas flow controller; 8: feedstock vessel; 10: filter; 
11: feedstock pump; 12: throttle valve, 13: flow meter; 14: reactor; 15, 16, 17: thermometers; 18: separator;  

19: pneumatic valve; 20: gas-meter; 21: magnetic valve; 22: product receiver; 23: liquid product outlet 



 

 

415

Experimental 

Our aim was to study the possibilities of producing low 
sulphur and aromatic content jet fuels in a catalytic way 
with hydrogenation of a petroleum fraction. We studied 
the effect of the process parameters to the product yield 
and quality. Our further aim was to study kerosene 
boiling point range paraffin mixture, produced with 
catalytic hydrogenation of triglycerides, as a possible jet 
fuel blending component. 

Experimental apparatus 

The heterogeneous catalytic hydrogenation experiments 
for aromatic saturation were carried out in a reactor 
system which contained all of the important apparatus 
and units that can be found in a reactor loop of an 
industrial desulphurizer and aromatic hydrogenation 
plant. The simplified process flow diagram of the apparatus 
is shown in Fig. 3. The effective volume of the reactor 
was 100 cm3. 

Used materials 

During the experiments we used a NiMo/Al2O3 catalyst, 
which is suitable for the desulphurization of gas oils. 
Before the starting of the experiments we loaded 60 cm3 
(56.79 g) catalyst into the middle sector of the reactor. 
The preparation of the new not activated catalyst we 
carried out by the activation method, that is made at the 
Department after the loading.  

We given the properties of the feedstock for the 
catalytic experiments in Table 1. This is produced from 
Russian crude oil with distillation by MOL Plc. 

 
Table 1: Quality properties of the used petroleum fraction 

Appearance Clear, transparent and 
sediment free 

Aromatic content, % 
Monoaromatic 
Diaromatic 

 
17.9 
3.8 

Mercaptan sulphur content, % 0.01 
Total sulphur content, mg/kg 1800 
Density on 15 °C, g/cm3 0.8083 
Crystallization point, °C -43 
Heating value, MJ/kg 42.37 
Smoke point, mm 23.4 

 
Table 2 contains the main quality properties of the 

alternate origin blending component (paraffin mixture), 
that we used at the blending of jet fuel. 

 

Table 2: Main properties of the alternate based jet fuel 
blending components (C10-C12 paraffin mixture)  

Density, g/cm3  0.7404 
Sulphur content, mg/kg  <1 
Aromatic content, %  <0.1 
Heating value, MJ/kg  43.2 
Crystallization point, °C  -52 

Process parameters of the catalytic experiments 

The circumstances of the catalytic experiment are given 
in Table 3. 

 
Table 3: Applied process parameters during the catalytic 
experiments 

Temperature, °C 200–380 
Pressure, bar 20–50 
H2/hydrocarbon volume ratio, Nm3/m3 400 
LHSV, cm3/cm3 h 1.0–3.0 

Methods 

We determined the quality properties of the feedstock 
and the liquid products with standards, given in this table. 

 
Table 4: Standard test methods of the feedstock and liquid 
products 

Property Standard number 
Appearance MSZ 10870:1995 
Density on 15°C, g/cm3 EN 12185:1998 

Sulphur content EN 14596:2007 
EN 20846:2004 

Aromatic content EN 12916:2000 
Hydrocarbon-group 
analysis (IR) MSZ 09.60134 

Smoke point MSZ 970:1984 
Crystallization point EN 2047:1986 
Distillation properties EN 3405:2000 

Results and discussion 

The yield of the liquid products were greater than 96%, 
which is very preferable for the main product (Fig. 4). 
The loss comes from the cracking reactions and from the 
H2S, that is formed during the desulphurization reactions. 

Based on the measurements with HPLC, total aromatic 
content of products decreased with the rising of the 
temperature (Fig. 5). The quantity of the decreasing, so 
the effectiveness of the aromatic saturation was the 
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highest at 340 °C and 50 bar pressure. At the same time 
on temperature 360 °C the aromatic concentration of the 
products was higher than at 340 °C. The reason is the 
exothermic aromatic saturation reactions are inhibited 
by the thermodynamically inhibition.  

The saturation of monoaromatics comes to the 
foreground at 280 °C (Fig. 6), until this temperature high 
desulphurization and hydrogenation of diaromatics are 
typical. Above 280 °C the hydrogenation activity of 
studied NiMo/Al2O3 is increased very well. 
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Figure 4: Yield of the liquid products  

(H2/HC ratio: 400 Nm3/m3) 
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Figure 5: Changing of the total aromatic content of 

products as a function of the temperature 
(LHSV: 1.0 1/h, H2/HC ratio: 400 Nm3/m3) 
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Figure 6: Changing of the monoaromatic content of 

products as a function of the temperature  
(LHSV: 1.0 1/h, H2/HC ratio: 400 Nm3/m3) 

 
We studied with infrared spectroscopy the hydrocarbon-

group composition of the products, to determine what 
hydrocarbons are formed from the aromatic content of 
the feedstock. The values of this test method are not 
equal with the HPLC aromatic content values, but they 
give correct information about the composition of the 
hydrogenated products. The share of n- and isoparaffin 

hydrocarbon-groups changed a little during the 
experiments (Table 5). Oppositely the cycloparaffin 
content of the products are increased compared to the 
cycloparaffin content of the feedstock, the rate of this 
was equal with the decreasing of the aromatic content 
(Fig. 7). Based on this we determined the aromatic 
content of the feedstock is hydrogenated to cycloparaffin 
hydrocarbons, so ring opening reactions did not work or 
worked in low rate and resulted linear paraffins.  

This hydrogenation is very preferable, because 
cycloparaffins are not just environmental friendly, but 
the have better energetically properties and lower 
crystallization point than that aromatics with the same 
carbon number (Table 6). 

 
Table 5: n- and i-paraffin contents of products based on 
IR test 

n- and i-paraffin content, % 
LHSV=1.0-2.0 1/h; H2/CH ratio: 400 Nm3/m3 

          T,°C 
 p, bar 280 300 320 340 360 

20 51.9 51.2 51.6 51.6 51.9 
30 52.2 52.2 51.6 51.6 51.8 
40 52.2 52.2 51.6 51.6 51.8 
50 52.1 51.6 51.6 51.6 51.8 
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Figure 7: Changing of the cycloparaffin-group content 

of products as a function of the temperature  
(LHSV: 1.0 1/h, H2/HC ratio: 400 Nm3/m3) 

 
Table 6: Heating values and crystallization points of 
aromatics and cycloparaffins with the same carbon number 

 Heating value, 
MJ/kg 

Crystallization
point, °C 

n-penthyl-benzene 34.1 -43 
n-penthyl-ciklohexane 36.5 -58 
n-hexyl-benzene 34.1 -42 
n-hexyl-ciklohexane 36.5 -52 
n-hepthyl-benzene 34.2 -40 
n-hepthyl-ciklohexane 36.6 -47 

 
The legal sulphur content of jet fuels is maximum 

3000 mg/kg. In the near future this value will be decreased. 
So it composed a part of our experimental work to study 
the effect of the different process parameters to the sulphur 
content of the products. At the mildest process parameters 
(T: 200°C, p: 20 bar, LHSV: 3.0 1/h) sulphur content of 
the product decreased well compared to the feedstock. 
With increasing of the temperature and the pressure 
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sulphur content of the products decreased further  
(Fig. 8 and 9). At low LHSV (1.0 1/h) and on 20 bar we 
approached lower sulphur content than 10 mg/kg, which 
is the specification for gasolines and diesel gas oils in 
the European Union. On 50 bar pressure and on 280 °C 
sulphur content of the product decreased under 50 mg/kg, 
while on 300 °C and 1.0 1/h LHSV it didn’t exceed 
10 mg/kg, moreover increased LHSV to 3.0 1/h it didn’t 
exceed 200 mg/kg. 
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Figure 8: Changing of the sulphur content as a function 

of the temperature 
(LHSV: 1.0 1/h, H2/CH ratio: 400 Nm3/m3) 
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Figure 9: Changing of the sulphur content as a function 

of the LHSV 
(P: 50 bar, H2/CH ratio: 400 Nm3/m3) 

 
We introduced some of the performance properties 

of the products – smoke point, crystallization point. 
Aromatic hydrocarbon content of the middle distillate 

influences value of smoke point decisively. Aromatics 
burns smoke flame by their lower hydrogen-carbon 
ratio, than the cycloparaffins and paraffins with higher 
hydrogen-carbon ratio. On Fig. 10 hydrogenation of 
aromatic hydrocarbons smoke point value increased 
well. On 320 °C the some point values of the products 
exceeded the standardized minimum 25 mm. This is 
given by the cycloparaffins with better flaming properties, 
that are formed during the hydrogenation reactions. 

Crystallization point of products decreased 
continuously compared to the crystallization point of 
feedstock (-50.5 °C–(-51.5 °C)) by the high hydrogenation 
of aromatics. Decreasing of crystallization point is 
favourable, the current stand standard prescribes 
maximum -47 °C (Fig. 11).  
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Figure 10: Changing of the smoke point as a function of 

the temperature 
(H2/CH ratio: 400 Nm3/m3, LHSV: 1.0 1/h) 
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Figure 11: Changing of the smoke point as a function of 

the temperature  
(p= 50 bar, LHSV: 1.0 1/h) 

 
We blended bioparaffin mixture to the products of 

catalytic experiment to study their effect to the aromatic 
content and performance properties. 

We blended 10–30% bioparaffin to the product, that 
we reached at 340 °C, 50 bar and on 1.0 1/h, than we 
studied the important properties of these mixtures. As 
we decreased sulphur content of the products during the 
catalytic experiments, so sulphur content of product 
mixtures did not change significantly, moreover the 
studied performance properties did not change in important 
quantity, but at the same time aromatic content decreased 
under 5% (Table 7). Based on these results we determined, 
bioparaffin mixture from catalytic hydrogenation of 
triglycerides (C10-C12) do not worsen the properties of 
the crude oil based jet fuel. 

 
Table 7: Effect of blending bioparaffin to properties of 
the products from the catalytic experiments 

Bioparaffin content, % Property 
0 10 20 30 

Density, g/cm3 0.7998 0.7938 0.7878 0.7819
Sulphur content, 
mg/kg 9 8 7 6 

Heating value, 
MJ/kg 43.0 43.1 43.1 43.1 

Crystallization 
point, °C -51 -51 -51 -51 

Aromatic 
content, % 5.9 5.3 4.7 4.1 
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Results and discussion 

Our aim was to produce low aromatic and sulphur 
content jet fuel, which has better energetically property, 
lower crystallization point, moreover its burning products 
damage the environment less by its changed hydrocarbon 
group composition during the hydrogenation. We studied 
the effect of the process parameters (T: 200–380 °C,  
p: 20–50 bar, LHSV: 1.0–3.0 h-1, H2/CH volume ratio: 
400 Nm3/m3) to the yield and quantity of the products, 
moreover we determined the preferable process parameters 
of the aromatic saturation and hydrodesulphurization. 

We determined, the yield of the products was greater 
than 96.0%, which is very preferable. Increasing of the 
temperature and the pressure have significant effect to 
the aromatic saturation, liquid hourly space velocity has 
effect to the hydrodesulphurization. Total aromatic content 
of the products decreased to 340 °C, than with further 
temperature increasing hydrogenation of aromatics 
declined by the thermodynamically inhibition. Quantity 
of hydrodesulphurization did not change. Decreasing of 
aromatic hydrogenation caused by the thermodynamically 
inhibition by the high temperature. Aromatic hydrocarbons 
formed to cycloparaffins, they have better performance 
properties than aromatics. 

Based on experimental results, the determined 
preferable process parameters for desulphurization and 
aromatic saturation are the following: temperature: 
340 °C, pressure: 50 bar, liquid hourly space velocity: 
1.0 h-1, H2/hydrocarbon ratio: 400 Nm3/m3, With these 
parameters, aromatic content of product was 5.9%, and 
the sulphur content was lower than 10 mg/kg. So, we 
produced successfully product, that has better properties 
than the prescriptions of the actual jet standard. 

Blended 10–30% bioparaffins to the products that 
produced at the preferable process parameters, we 
determined, the aromatic content decreased from the 
investigated properties, the other properties did not 
change significantly. 

ACKNOWLEDGEMENT 

We acknowledge the financial support of this work by 
the Hungarian State and the European Union under the 
TAMOP-4.2.1/B-09/1/KONV-2010-0003 project. 

REFERENCES 

1. M. DASTILLUNG: “Oil Refining in the EU in 2015”, 
CONCAWE Report, no. 1/07, 2007 

2. J. HANCSÓK: „Fuels for Engines and JET Engines 
Part II: Diesel Fuels”, Publisher of the University of 
Veszprém, Veszprém, 1999, ISBN 963 9220 27 2 

3. J. HANCSÓK, G. GÁRDOS, E. SZATMÁRI, ZS. 
KERESZTESSY: “Catalytic hydrogenation of petroleum 
fractions” 7th International Symposium of Heterogenous 
Catalysis, Bourgas, 1991, In Proceedings, 827–832 

4. G. NAGY, J. HANCSÓK, Z. VARGA: “Investigation of 
the Hydrodearomatization of Diesel Fuels”, 5th 
International Colloquium on Fuels 2005, Esslingen, 

Germany, 2005 January 12-13. In Proceedings 
(ISBN 3-924813-59-0) 385–392 

5. L. VRADMAN, M. V. LANDAU, M. HERSKOWITZ: 
Hydrodearomatization of petroleum fuel fractions 
on silica supported Ni-W sulphide with increased 
stacking number of the WS2 phase, Fuel 82(6) (2003) 
633–639 

6. R. H. NATELSON, M. S. KURMAN, N. P. CERNANSKY, 
D. L. MILLER: Experimental investigation of 
surrogates for jet and diesel fuels, Fuel, 87(10-11) 
(2008) 2339–2342 

7. J. HANCSÓK, T. KASZA, S. KOVÁCS, P. SOLYMOSI, 
A. HOLLÓ: Production of bioparaffins from natural 
triglycerides, Chemical Engineering Transactions, 
25 (2011) 821–826 (ISBN 978-88-95608-16-7) 

8. J. HANCSÓK, T. KASZA: “The Importance of 
Isoparaffins at the Modern Engine Fuel Production”, 
8th International Colloquium Fuels 2011, Germany, 
Stuttgart/Ostfildern, 2011. January 19-20, In 
Proceedings (ISBN 3-924813-75-2), 361–373 

9. F. Y. E. KADY, L. K. MOHAMED, S. A. SHABAN: 
Hydrotreatment of kerosene petroleum fraction to 
improve its properties International Journal of 
Academic Research, 2(4) (2010) 173–182 

10. Z. VARGA, J. HANCSÓK, G. NAGY, Á. STUMPF, D. 
KALLÓ: “Investigation of hydrotreating of gas oil 
fractions of different crude oils”, 7th World Congress 
of Chemical Engineering incorporated the 5th 
European Congress of Chemical Engineering, SECC, 
Glasgow, Scotland, 2005 July 10-14. 

11. C. SONG: An overview of new approaches to deep 
desulfurization for ultra-clean gasoline, diesel fuel and 
jet fuel Catalysis Today, 86(1-4) (2003) 211–263 

12. E. BENAZZI: „The Evolving Worldwide Diesel 
Market & Composition”, 7th Annual European Fuels 
Conference, Paris, 14-15, March, 2006. 

13. P. DAGAUT, A. E. BAKALI, A. RISTORI: The 
combustion of kerosene: Experimental results and 
kinetic modelling using 1- to 3-component surrogate 
model fuels, Fuel, 85(7-8) (2006) 944–956 

14. L. Q. MAURICE, H. LANDER, T. EDWARDS, W. E. 
HARRISON: Advanced aviation fuels: a look ahead via 
a historical perspective Fuel, 80(5) (2001) 747–756 

15. P. DAGAUT, M. CATHONNET: The ignition, oxidation, 
and combustion of kerosene: A review of 
experimental and kinetic modelling, Progress in 
Energy and Combustion Science, 32(1) (2006) 48–92 

16. M. EGOROVA, R. PRINS: Competitive hydro-
desulfurization of 4,6-dimethyldibenzothiophene, 
hydrodenitrogenation of 2-methylpyridine, and 
hydrogenation of naphthalene over sulfided NiMo/γ-
Al2O3, Journal of Catalysis, 224(2) (2004) 278–287 

17. S. HONNE, K. SESHADRI, U. NIEMANN, N. PETERS: 
A surrogate fuel for kerosene, Proceedings of the 
Combustion Institute 32 (2009) 485–492 

18. O. R. KOSEOGLU: “Property prediction of petroleum 
fractions: smoke point” Preprints of Papers - 
American Chemical Society, Division of Fuel 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




