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ABSTRACT 

Salts being liquid below 100 °C are defined as ionic liquids. They are receiving an 

increasing interest due to their unique properties and they are also under investigation 

in the field of energetic materials. Combining nitrogen-rich cations and oxygen-rich 

anions, it is possible to obtain energetic ionic liquids (EILs). Potential applications are 

plasticizers, high explosives, gun and rocket propellants. Because of the very low 

vapor pressure of EILs better storage and handling properties are expected.  

However, only few work has been done in the field of EILs which show a glass 

transition temperature less than or equal to -40 °C, the so called low-temperature 

EILs (LT-EILs). Potential applications and limitations of LT-EILs based on 4-Amino-1-

methyl-1,2,4-triazolium nitrate are presented. Some compounds of this class are 

studied as plasticizers in energetic binder systems (nitrocellulose and glycidyl azide 

polymer) and are compared to traditional energetic plasticizers like BDNPA/F and 

TMETN/BTTN. 

 

 

INTRODUCTION 

Ionic liquids (ILs) are commonly defined as organic salts being liquid at room 

temperature with unusually low melting points[1]. They are in the focus of recent 

research and finding application in more and more fields of life. The application range 

include novel reaction media[2], as electrolytes in batteries[3], solar cells[4], gas storing 

media[5], lubricants[6] and heat transfer fluids[7], to mention only a small excerpt of the 

investigated and in use applications. The research on ILs began already in 1888 with 

ethanolammonium nitrate (mp 52-54 °C), an energetic protic IL synthesized and 

characterized by Gabriel[8] and ethylammonium nitrate (mp 13-14 °C; Paul Walden 

1914[9]). However, the new class of ionic liquids only became subject of interest in the 

late 1990s, where the publications on ILs started growing exponential. The 



fundamental principle of EILs is shown in Figure 1. The cation normally acts as a fuel 

and the anion as an oxidizer.  
 

Figure 1: The fundamental principle of EILs. 

 

In the field of energetic materials and processing, ionic liquids receive serious interest. 

The EILs can be divided into three different categories as shown in Figure 2. 
 

Figure 2: Subdivision scheme of EILs by temperature range. 

 

For Melt Cast EILs, melting points (Tm) above 80 °C are crucial to replace the toxic 

Trinitrotoluene (TNT), which shows poor Insensitive Munitions (IM) properties [10]. 

The developments in this area began already at the beginning of the 20th century in 

search of castable explosive mixtures of energetic salts with low melting points (e. g. 

dimethylammonium nitrate or hydrazinium nitrate) [11].  

Besides the hydroxylammonium based EILs, which are solid at RT (e. g. 

hydroxylammonium nitrate or hydroxylammonium azide [12] ammonium dinitramide 

(ADN) with its melting point of 92 °C [13] is part of the Melt Cast EILs and by far the 

most studied representatives of the entire EIL class. 

 

 

RESULTS AND DISCUSSION 

As an example of an energetic ionic liquid we investigated 4-Amino-1-methyl-1,2,4-

triazole nitrate (AMTN), which was first mentioned in literature 2002 by Greg W. Drake 

et al.[14]. AMTN offers a wide operation temperature range from a glass transition 

temperature of -54 °C and a decomposition temperature above 200 °C. The 
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mechanical sensitivity of AMTN towards friction and impact is low (20 Nm and >360 N) 

as shown in Figure 3. 
 

properties  AMTN 

impact sensitivity [Nm] 20 

fricition sensitivity [N] >360 

glass transition temperature [°C] -54 

decomposition temperature [°C] +249 
 

 

Figure 3: Mechanical sensitivity data, thermal properties and chemical structure of AMTN. 
 

The density of this EIL is quite high with 1,4 g/cm3 due to its ionic nature. The 

viscosity of C1 N (454 mPa s at 20 °C) is higher compared to traditional plasticizers. 

The density and viscosity of AMTN in relation to the temperature is shown in Figure 4. 
 
 

Figure 4: Temperature dependent density and viscosity of C1 N. 

 

 

In contrary to conventional plasticizers like NGL, Bu-NENA and DNDA57, AMTN does 

not evaporate upon heating in nitrogen stream up to 120 °C due to its ionic nature 

(see Figure 5). Because of this very low vapor pressure a significantly reduced 

environmental risk and better storage and handling properties are expected. 
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plasticizer mass loss 
 [wt%] 
NGL 30 
Bu-NENA 23 
DNDA57 12 
AMTN 0 

 

 
Figure 5: Mass loss of different energetic plasticizers during heating in a nitrogen stream. 

 
 

Properties of conventional energetic plasticizers and AMTN are shown in Figure 6 and 

Figure 7. AMTN offers a wide operating temperature range with good mechanical 

insensitivity and a high gas volume yield at decomposition conditions. 
 

 Glass 
transition 

temperature 
(DSC midpoint) 

Decomposition
temperature 
(TGA midpoint) 

Impact 
sensitivity 

 

Heat of 
explosion 

[c] 

Oxygen 
balance 

Gas 
volume 

[d] 

 [°C] [°C] [Nm] [J/g] [%] [cm3/g] 
NGL +13[a] 149 0,2 6675 +3.5 512 

EGDN -23[a] 78 (155)[b] 0,2 7289 0 483 

BTTN -65 176 1 6022 -16.6 634 

TMETN -62 155 1 5053 -34.5 794 

Bu-NENA -48 152 6 3573 -104.3 1045 

DNDA57 -52 159 3 3848 -72.3 1078 

BDNPAF -67 182 3 3469 -57.6 957 

AMTN -54 249 20 3468 -64.6 1049 
 

Figure 6: Comparison of conventional energetic plasticizers to AMTN. 
[a] melting point [b] vaporisation of EGDN / in brackets with semi-closed vessel [c] calculated by ICT-
Thermodynamic code (water liquid) [d] without H2O at 25 °C. 
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Figure 7: Heat of explosion and gas volume of energetic plasticizers. 

 

 

The long term stability was investigated and found to be very good. A TAM 

measurement of AMTN at 80 °C and 15 days revealed no significant generation of heat 

as shown in Figure 8. 
 

 
Figure 8: Heat Flow Calorimetry measurement of AMTN in a Thermal Activity Monitor calorimeter at 80 °C 
and 15 days. 
 

Additionally AMTN has interesting plasticizing abilities. The gelatination of NC (N = 

12.6%) with AMTN (50:50 wt%) is fast and produces transparent flexible foils which is 

shown in Figure 9. Thermal analysis of the material revealed a glass transition 

temperature of -33 °C and an onset decomposition temperature of 170 °C (DSC, HR5, 

Figure 10). However, the onset decomposition temperature is 4 °C lower compared to 

NGL/NC measured under the same conditions.  

 



 
Figure 9: Microscopic picture of AMTN / NC (left) and flexible, transparent foil of C1 N / NC. 

 
 DSC onset 
 [°C] 
NC 194 
NC / NGL 174 
NC / AMTN 170 

 

Figure 10: Glass transition temperature and decomposition temperature of NC/AMNT and comparison to 
NGL and pure NC. 

Rheological measurement of energetic plasticizers with 5 wt% NC shows that AMTN 

has the lowest absolute viscosity of the investigated mixtures demonstrating its 

promising gelatination abilities which even exceeds NGL. EGDN with the addition of 5 

wt% NC shows too high viscosity to be measured under chosen conditions.  
 

  
Figure 11: Viscosity of NGL, DNDA57 and AMTN with 5 wt% of NC at a shear rate of 10,8 s-1. 

 

Upon performing long term stability tests at 80 °C and 105 °C for 20 and 75 hours 

AMTN revealed to be not long term stable with NC. Even with the addition of 

2. Aufheizung

-33.36°C(I)

-42.15°C

-25.35°C

-0.6

-0.4

-0.2

0.0

H
e

a
t F

lo
w

 (
W

/g
)

-100 -80 -60 -40 -20 0

Temperature (°C)Exo Up

173.18°C

170.24°C
817.0J/g

204.04°C

185.52°C
186.0J/g

272.74°C

254.07°C
89.47J/g

-4

-2

0

2

4

6

8

H
e

at
 F

lo
w

 (
W

/g
)

0 50 100 150 200 250 300
Temperature (°C)Exo Up

NC

NC /AMTN



traditional stabilizers like Centralite I and Akardite II the maximum allowed mass loss 

was exceeded reproducible. The investigated samples turned yellow to brown. The 

long term incompatibility of AMTN with nitrate ester groups derives most likely from 

the slightly acid nature of the proton in the position number 5 in the ring shown in 

Figure 12. 

Figure 12: N-Amino functionality (left), slightly acid proton in position 5 of AMTN (right). 

 

An example of an extreme incompatibility of NC with ILs is the commercial 1-Ethyl-3-

methylimidazolium acetate shown in Figure 13. 

 

EMIM Ac 
 

 

   

Figure 13: Decomposition of NC by the commercial IL 1-Ethyl-3-methylimidazolium acetate. 

 

Upon pouring EMIM Ac on NC the NC turns black and will subsequently decompose 

violently. 

 

The use of AMTN as an energetic plasticizer in GAP formulations was investigated by 

mixing GAP-Diol with AMTN (90/10 wt%) and by using DESMODUR N 100 as the 

isocyanate compound (NCO/OH = 1:1) to produce tensile test specimens (dog bone 

shape). Besides AMTN traditional energetic plasticizers like BDNPA/F and TMETN/BTTN 

were used shown in Figure 14.  
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Figure 14: Cured GAP-Diol Isocyanate (N100) tensile specimens with BDNPA/F (left), BTTN/TMETN (middle) 
and AMTN (right) as  energetic plasticizers (10wt%). 

 

 

The mechanical test results of the different cured GAP/N100 binder systems with 

energetic plasticizers are shown in Figure 15.  
 

 

 

 

Figure 15: Mechanical properties of produced test specimens with GAP/N100 and energetic plasticizers. 

 

The binder system GAP containing AMTN as an energetic plasticizer shows a higher E-
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maximum stress) compared with identical compositions in which AMTN has been 

replaced by traditional energetic plasticizers like BDNPA/F and BTTN/TMETN. 

 

The thermal properties were investigated with accelerating rate calorimeter (ARC) 

shown in Figure 16. Compared to BDNPA/F and BTTN/TMETN the binder system with 

AMTN as an energetic plasticizer shows enhanced thermal stability. 

Figure 16: Accelerating rate calorimeter of cured binder system (GAP/N100) and energetic plasticizers 
(BDNPA/F, BTTN/TMETN and AMTN). 

 

 

CONCLUSION 

The nitrate based EIL AMTN offers promising properties like very low vapor pressure 

combined with good energetic performance and insensitivity compared to traditional 

energetic plasticizers. However, AMTN is not compatible with nitrocellulose in terms of 

long term stability. In the binder system GAP/N100 with energetic plasticizers the 

AMTN containing binder system is superior in terms of mechanical properties and 

thermal stability.  

 

 

ACKNOWLEDGMENTS 

The author would like to thank H. Schuppler, J. Aniol for TGA and DSC analysis, H. 

Popp for mechanical sensitivity tests and U. Förther-Barth for rheological 

measurements. H. Gunnar for tensile testing; S. Steinert for curing experiments, Dr. 

M. Bohn and J. Hickmann for ARC measurements and T. Lieb. This work was funded 

by the German Ministry of Defense. 

 

LITERATURE 
 

[1]  (a) T. Welton, Chem. Rev. 1999, 99, 2071-2083. (b) P. Wasserscheid, W. Keim, 

Angew. Chem. Int. Ed. 2000, 39, p. 3772-3789. 

[2]  P. Wasserscheid, T. Welton, Ionic Liquids in synthesis, Wiley-VCH, 2002. 

BDNPA/F
US362_2
400mg

BTTN-TMETN
US362_3
400mg

AMTN N
US362_4 
400mg

140

150

160

170

180

190

200

210

220

90 190 290 390 490 590 690 790

T  [°C]

Zeit  [Min.]

Comparisoin real-time data

US362_2-BDNPA-F-400mg

US362_3-BTTN-TMETN-400mg

US362_4-AMTN-400mg

BDNPA/F
US362_2-

400mg

BTTN-TMETN
US362_3
400mg

AMTN
US362_4-

400mg

0,01

0,1

1

10

140 150 160 170 180 190 200 210 220

h [°C/min]

T [°C]

Comparision of the adiabatic self-heating rates

US362_2-BDNPA-F-400mg

US362_3-BTTN-TMETN-400mg

US362_4-AMTN-400mg



                                                                                                                               

[3]  (a) H. Shobukawa, H. Tokuda, A. B. H. Susan, M. Watanabe, Electrochim. Acta 

2005, 50, p. 3872-3877. (b) H. Shobukawa, H. Tokuda, S. Tabata, M. 

Watanabe, Electrochim. Acta 2004, 50, p. 1-5. (c) S. Seki, Y. Kobayashi, H. 

Miyashiro, Y. Ohno, Chem. Commun. 2006, p. 544-545. 

[4]  D. Kuang, S. Uchida, R. Humphry-Baker, S. M. Zakeeruddin, M. Grätzel, Angew. 

Chem. 2008, 120, p. 1949-1953. 

[5]  (a) D. J. Tempel, P. B. Henderson, J. R. Brzozowski, R.M. Pearlstein, D. Garg, US 

Pat. 20060060818, 2006. (b) D. J. Tempel, P. B. Henderson, J. R. Brzozowski, 

US Pat. 20060060817, 2006. 

[6]  (a) C. Ye, W. Liu, Y. Chen, L. Yu, Chem. Commun. 2001, 2244-2245. (b) X. 

Liu, F. Zhou, Y. Liang, W. Liu, Wear 2006, 261, 1174-1179. (c) T. Predel, E. 

Schlücker, P. Wasserscheid, D. Gerhard, W. Artl, Chem. Eng. Technol. 2007, 30, 

p. 1475-1480. 

[7]  M. E. V. Valkenburg, R. L. Vaughn, M. Williams, J. S. Wilkes, Thermochim. Acta 

2005, 425, p. 181-188. 

[8]  S. Gabriel, J. Weiner, Ber. 1888, 21, (2), p. 2669-2679. 

[9]  (a) P. Walden, Chem. Zentralbl. 1914, (I), 1800. (b) N. V. Plechkova, K. R. 

Seddon, Chem. Soc. Rev. 2008, 37, p. 123-150.  

[10]  (a) Drake, G.; Hawkins, T.; Brand, A. Energetic, Low-Melting Salts of Simple  

Heterocycles. Propellants, Explos. Pyrotech. 2003, 28, p. 174–180. (b) Brand, 

A.; Hawkins, T. W.; Drake, G.; Ismail, I.; Hudgens, L.; Warmoth, G. Energetic 

Ionic Liquids as TNT Replacements; Defense Technical Information Center 

(DTIC®); AFRL-PR-ED-TP-2006-008; ADA446256, 2006. (c) Gao, H.; Shreeve, 

J. M. Azole-based Energetic Salts. Chem. Rev. 2011, 111, p. 7377–7436. (d) 

Latypov, N. V.; Oscarson, C.; Liljedahl, M.; Goede, P. Evaluation of DETRA-D as 

a Melt-Cast Matrix. In 44th International Annual Conference of the Fraunhofer 

ICT, Energetic Materials: Characterization and Modeling of Ignition Process, 

Reaction Behavior and Performance; 25-28 Juni 2013, Karlsruhe; Deutschland.   

[11]  (a) Kast, H. Hydrazinnitrat. In Spreng- und Zündstoffe; Friedr. Vieweg & Sohn:  

Braunschweig, 1921; S. 342–343. (b) Fedoroff, B. T.; Sheffield, O. E. 

Diemthylammonium Nitrate (DI-Salz). In Encyclopedia of Explosives and Related 

Items; Picatinny Arsenal, U.S. Army Research and Development Command 

TACOM, ARDEC: New Jersey, 1972; Vol. 5, S. D1313. 

[12]  Farhat, K.; Batonneau, Y.; Kappenstein, C. Azide-based Fuel Additives for Ionic  



                                                                                                                               

Monopropellants. In 45th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & 

Exhibit; American Institute of Aeronautics and Astronautics AIAA 2009–4876: 3-

5 August 2009, Denver, Colorado, Vereinigte Staaten von Amerika. 

[13]  (a) Luk’yanov, O. A.; Gorelik, V. P.; Tartakovsky, V. A. Dinitramide and its Salts. 

Russ. Chem. Bull. 1994, 43, 89–92. (b) Bottaro, J. C.; Penwell, P. E.; Schmitt, R. 

J. 1,1,3,3-Tetraoxo-1,2,3-triazapropene Anion, a New Oxy Anion Of Nitrogen: 

The Dinitramide Anion and Its Salts. J. Am. Chem. Soc. 1997, 119, S. 9405–

9410. 

[14]  (a) G. Drake, T. Hawkins, “Research in Energetic Ionic Liquids”, Report AFRL-PR-

ED-VG-2002-232, 2002. (b) G. Drake, T. Hawkins, K. Tollison, L. Hall, “1-Alkyl-

4-Amino-1,2,4-Triazolium Salts, New Families of Ionic Liquids”, Report AFRL-PR-

ED-TP-2003-307, 2003. 


	Start
	Program


<<
  /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


