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ABSTRACT 
 
Nitrous oxide (N2O), has been suggested as a green 
monopropellant for hydrazine replacement [1,2]. It has 
extremely low toxicity and has a higher theoretical 
specific impulse (ISP) than 90% hydrogen peroxide 
(HTP): N2O ISP(t)~206s, HTP ISP(t)~180s [3]. It has 
largely been overlooked though due to the difficulty 
involved in maintaining reproducible catalytic 
decomposition. 
 
The authors are developing N2O thruster technology to 
prove its viability as a monopropellant alternative to 
hydrazine. Towards this purpose the authors have 
developed a novel catalyst for the decomposition of 
N2O, that has high activity and is thermally stable in 
oxidising conditions. The catalyst is being engineered 
into a form to be used efficiently within the thruster 
housing. This paper reports on the development of this 
catalyst. 
 

1. INTRODUCTION 
 
1.1 Application 
 
Advances in material technology have enabled many 
devices to become miniaturised. This usually involves 
reducing volume and mass, but can also reduce power 
usage and frictional losses thereby increasing 
performance [4]. In no field is the reduction of mass 
and volume more important than in satellite 
engineering. Here, both properties are associated with 
significant costs, forcing stringent limitations on what 
can or cannot be carried into space. The miniaturisation 
of devices for use in satellite platforms has led to the 
development of a series of small satellite platforms 
including:- mini, micro, nano and pico -satellites, 
which are able to carry out the same tasks as larger 
satellites. 
 
As the applications for these small satellites become 
more advanced, including inspector and dockable 
satellites, the propulsion requirements are also 
increased [5]. To manoeuvre these small satellite 
platforms, compact thruster systems are required. 
Electrical propulsion systems can easily be 
miniaturised. However the power required by such 

devices usually surpasses the power available from 
smaller satellite platforms, limiting these devices to 
larger satellites [6]. Chemical propulsion systems are 
less easily miniaturised but usually require very little 
power, thus making them ideal for the smaller satellites 
[7]. The most efficient chemical system is a 
monopropellant decomposition system. These are 
easily engineered and can provide significant thrust to 
fuel ratios. 
 
1.2 Propellants 
 
Highly toxic propellants are often used for 
monopropellant propulsion systems because of their 
superior performance. However, the high associated 
costs, which are disproportionately large for small 
satellites, have driven a new search for ‘green 
propellants’ [8]. These will be more cost effective and 
also provide good efficiency. Two of the favoured 
propellants are concentrated hydrogen peroxide (HTP) 
and nitrous oxide (N2O). High test peroxide will 
decompose on known catalysts with no prior heating, 
whereas N2O requires heating of current catalysts to 
initiate decomposition. The overall advantages and 
disadvantages of these two propellants balance out, 
although HTP has been favoured by most due to the 
current catalytic knowledge and its long heritage.  
 
Nitrous oxide has a brief history of use for propulsion 
purposes. In the 1930’s both the British and German 
military experimented with the use of N2O as an 
oxidiser for use with solid and liquid fuels in their 
rocket programs. After very limited success, both sides 
quickly moved onto more energetic compounds [9]. 
Nitrous oxide was largely forgotten until the 1950’s 
when the National Advisory Committee for 
Aeronautics commissioned a study on the use of N2O 
as a monopropellant [10]. Although their conclusions 
were promising for N2O, the problems of the very high 
decomposition temperature and the high initiation 
temperature forced N2O back into the shadows. In the 
1980’s the AMROC corporation carried out 
experiments using N2O as an oxidiser for hybrid rocket 
engines. The intellectual property of this study was 
subsequently purchased by SpaceDev in the early 
1990’s [11]. SpaceDev now uses N2O as the oxidiser 
for the hybrid engine powering Scaled Composites X-
prize entry vehicle “Spaceship 1” [12]. 
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1.3 N2O research 
 
In 1996, Surrey Satellite Technology Ltd (SSTL) 
began investigating N2O for use in their small satellite 
programs [13]. Nitrous oxide appeared to be a ideal 
propellant for small satellites partly due to its 
extremely low toxicity and also as it could be used in 
most types propulsion system. Researchers at SSTL 
tested monopropellant and resistojet thrusters, 
culminating in the launch of The micro satellite 
“UOSAT-12” in 1999, which carried on board a 
resistojet propulsion system using N2O [2]. 
Collaboration between SSTL and the Division of 
Chemistry at the University of Surrey (UniS), has 
continued the development of technology towards 
proving the viability of a N2O monopropellant engine. 
 
Catalyst pre-heating can require a large amount of 
power, which is a resource in short supply on small 
satellites. Therefore, stable catalysts are required to 
enhance the rate of decomposition and lower the 
thermal requirement. The catalyst must also be 
engineered in such a way as to allow flow of propellant 
through the chamber, while insuring that all the 
propellant has decomposed before exiting the thruster. 
For standard scale thrusters the catalysts tend to be 
arranged as either wire mesh grids or pellet beds [14]. 
However, for micro thrusters new techniques are 
required to operate at the smaller scale. These new 
techniques are starting to bridge the gap from micro 
engineering towards micro electro mechanical systems 
(MEMS) technology. 
 
Whereas the catalysis of hydrogen peroxide is a very 
well studied topic, studies of the catalysis of N2O are 
less common. Most of these are concerned with the 
reduction of dilute gaseous N2O pollution from the 
adipic and nitric acid industries, usually via an exhaust 
scrubbing method [15]. The conditions present in a 
thruster are very different, ~100% N2O decomposing 
>1900K at <10bar, and so unique catalysts are needed. 
 

2. EXPERIMENTAL 
 
A system combining a Seteram DSC121 differential 
scanning calorimeter (DSC) and an European 
Spectrometry Services residual gas analyser (RGA) 
operating in tandem was used to classify and 
characterise catalyst performance [16]. This provided 
the ability to observe both the energetic and physical 
conditions involved in the decomposition of N2O. The 
catalyst was positioned in the DSC, while 100ml/min 
N2O and 50ml/min Ar gas flowed over it. This dilution 
effect increased the resolution at lower rates of 
decomposition and provided a baseline for the mass 
spectrometer. The DSC exhaust was then sampled by 
the RGA for all expected species masses, i.e. 44, 40, 

32, 30, 28, 16 & 14 m/z. The temperature was ramped 
to 773K at 10K/min and then cooled back to room 
temperature at the same rate, to allow rapid scanning of 
catalysts for their activity. 
 
Initially the heat flow reveals the thermal capacity of 
the catalyst. Then as energy starts being released by 
N2O molecules decomposing on the catalyst surface a 
rise in heat flow is detected. The rate of energy release 
increases at an exponential rate. The RGA then 
monitors the partial pressure of all molecules involved 
in the decomposition, and is used to evaluate the extent 
of decomposition. 
 
The tested catalysts have been prepared by a variety of 
modified methods previously described [17,18,19]. 
 

3. RESULTS 
 
Commercial N2O catalysts are designed to remove low 
concentrations from exhaust streams in large industrial 
facilities. These catalysts are usually zeolite based and 
operate at temperatures ~700K. They are designed for 
their long life capabilities rather than their activity. 
However, the main reason why these catalysts cannot 
be considered for use in N2O thrusters, is that they 
collapse and decompose at temperatures approaching 
1200K [20], far below that expected to be achieved 
within the catalyst chamber during N2O 
decomposition. 
 
During earlier research at UniS and SSTL, Ir and Rh 
based catalysts were found to have high activity 
towards N2O decomposition, but had a tendency to 
survive only one or two short firings in a test thruster 
[21]. To investigate this and to produce a baseline for 
UniS developed catalysts, the commercial catalyst 
Shell 405 was chosen. 
 
3.1 Shell 405 
 
Shell 405 is approximately 36wt% Ir on γ-Al2O3 
substrate pellets of 1-2mm in size. It was developed in 
the 1960’s by the Shell Corporation for the 
decomposition of hydrazine [22]. The basic 
morphology can be clearly seen in the two scanning 
electron microscope (SEM) images in Fig. 1. 
 

 
Fig. 1. Single Shell 405 particle and surface features. 



Previous work has found that Shell 405 has a high 
activity towards the decomposition of N2O [18]. By 
using the combined DSC-RGA instrumentation the 
plot shown in Fig. 2. was produced to show the 
catalytic effect of Shell 405. As can clearly be seen the 
concentration of N2O and its secondary artefact NO, 
drop during decomposition while the concentrations of 
the decomposition products, O2 & N2, increase. 
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Fig. 2. DSC-RGA data for Shell 405. 

 
At oxidation temperatures up to 1273K, Shell 405 
reproducibly decomposed N2O. After heating at 1473K 
the Ir/IrO2 shows signs of sintering, Fig. 3. After 
~1500K the alumina began to irreversibly convert to α-
Al2O3, thereby drastically reducing the surface area. 
 

 

 
Fig. 3. Sintered Ir/IrO2 particle on surface of a  Shell 
405 catalyst after oxidising heating at 1673K 16hrs. 

EDAX mapped region and element distributions. 
 
After 1673K the sintered Ir/IrO2 begins to volatilise 
from the catalyst surface. Finally, after heating at 
1873K all that remains are pellets of α-Al2O3 with only 
traces of retained Ir. The catalyst is therefore rendered 
useless, ruling out thruster restarts. The powder X-ray 
diffraction (XRD) patterns in Fig. 4 illustrate the 
drastic change in the structure of Shell 405 during 
oxidative heating.  

2θ (degrees)

20 30 40 50 60 70

C
ou

nt
s 

(a
rb

itr
ar

y)

673 K
873 K
1073 K
1273 K
1473 K
1673 K
1873 K

*
* *

* *
*

**

o

x

* = Al2O3

o = IrO2

x = Ir

o

x
o

 
Fig. 4. XRD spectra for Shell 405 after heating in 

oxidising atmosphere for 16hrs at each temperature. 
 
3.2 Cu, Co, Zr mixed metal oxide 
 
Continuing the work of Euesden [16,17,21], the first 
group of catalysts tested showing potential, were based 
on a mixture of Cu, Co and Zr oxides. Fig. 5 shows the 
activity of one of these catalysts. This activity is much 
less than that of Shell 405, but this catalyst was still 
active after heating above 1673K, although the 
corresponding drop in activity was substantial. 
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Fig. 5. DSC-RGA data for a Cu, Co, Zr based catalyst. 
 
3.3 Ni, Co, Zr mixed metal oxide 
 
Further experimentation to improve on the activity and 
thermal stability observed, led to this mixed metal 
oxide catalyst. It is based on a mixture of Ni, Co and Zr 
oxides. The morphology is quite uniform, as can be 
seen in the SEM micrographs in Fig. 6. 

Fig. 6. SEM images of Ni, Co, Zr mixed metal oxide 
particle fracture plane. 



This catalyst has been demonstrated to be entirely 
thermally stable to 1473K, with a moderate drop in 
activity at higher temperatures, it has also shown an 
activity comparable to Shell 405. The activity plot for 
this catalyst is presented in Fig. 7. 
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Fig. 7. DSC-RGA data for a Ni, Co, Zr mixed metal 

oxide catalyst. 
 
The XRD patterns shown in Fig. 8. show that only 
slight changes occur in the structure of the catalyst at 
higher temperatures than the calcination temperature 
(~1000K), thereby indicating its thermal stability. 
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Fig. 8. XRD spectra for Ni, Co, Zr mixed metal oxide 

catalyst after heating in oxidising atmosphere for 16hrs 
at each temperature. 

 

4. N2O CATALYST ACTIVITY 
 
It has been demonstrated, that a mixed metal oxide 
catalyst can experience a significant increase in activity 
by the supplement of nanoparticles (2-4 nm) of a 
precious metal [19]. It was shown that the temperature 
of decomposition initiation dropped from ~673K to 
~573K, by using a similar catalyst doped with Au 
nanoparticles. It is surmised that a similar effect on 
activity can be obtained by supplementing the best N2O 
thruster catalyst with nanoparticles of Au, Ir or Rh. 
However, the increase in activity experienced by these 
catalysts is mirrored by a drop in thermal stability. 
Therefore, these highly active catalysts are only useful 

if the decomposition temperature is reduced, which in 
turn lowers the ISP. 
 

5. DESIGNS 
 
The proposed design requirements for a SSTL N2O 
monopropellant micro thruster are summarised in 
Table 1. 
 

Table 1. Proposed thruster requirements. 
Property Value 
∆V (velocity change) 20-25 ms-1 
Minimum ISP >150s 
Desired ISP 180s 
Thrust 100-200mN 
Total Impulse ~5,000 Ns 
Power Requirement <10W, or <60W 
Thruster Volume <5cm3 
Thruster Mass <10g 
 
For the catalyst to be useful it must be able to be 
engineered into a useful form to be included in the 
propulsion system. The mixed metal oxide catalysts are 
prepared as colloids, therefore to use these on a macro 
scale the colloidal units have to be locked within a 
larger lattice structure. The methods that have been 
considered to produce this effect are low energy 
chemical vapour deposition (CVD) and close packed 
pellets. 
 
The low energy CVD method would involve 
depositing the catalyst onto a preformed regular 
structure either as a positive or negative image of the 
chosen geometry. This structure would most probably 
be produced from a silicon wafer using the deep 
reactive ion etching technique [4]. The geometry could 
be similar to that in Fig. 9. 
 

 
Fig. 9. Deep reactive ion etched silicon square grid. 

 
The close packed pellet technique would involve 
mixing the catalyst in its colloidal form with a low 
melting point material of controlled size. This mixture 
would then be formed into a pellet which would be 
heated to remove the added material and also to calcine 
the catalyst. This would leave a porous pellet of 



catalyst ready to be inserted into the catalytic chamber. 
This form is preferred as it is the easiest technique to 
test in simple lab scale experiments. Also there is a 
great range of properties that these ceramic foams can 
take on, dependent on density, porosity and pore size 
distribution. A micrograph of similarly produced 
‘ceramic foam’ is shown in Fig. 10. 
 

 
Fig. 10. α-Al2O3 ‘ceramic foam’ surface SEM image. 

 

6. DISCUSSION 
 
Currently UniS is manufacturing a test bed thruster that 
will enable different geometries of catalyst bed to be 
tested with varying flows to determine the optimal 
design for the micro thruster. This will then be built 
with the aid of SSTL and tested using their in-house 
facilities. If successful this system will be included on 
a future demonstrator satellite. 
 
Propellant toxicity is pivotal to this project, although 
toxicity is only one of the relevant propellant hazards. 
Nitrous oxide was considered by many to be 
completely non toxic. However, reports are available 
indicating toxic effects of prolonged exposure, a 
summary of these are presented in Tables 2 & 3. 
 

Table 2. Toxicity data for N2O [23]. 
Test Value 
LD50 (oral) N/A 
LC50 (inhalation) 160 mg/m3/6hr (rat) 
LD50 (dermal) N/A 

 
Table 3. Reported toxicity summary for N2O [23]. 

Eye Effects; Adverse effects not anticipated. 
Skin Effects; Adverse effects not anticipated. 
Ingestion Effects; None known. Ingestion is unlikely. 
Inhalation Effects; High concentrations may cause 
deep breathing, dizziness, nausea and eventual 
unconsciousness due to inadequate oxygen supply. 
Anaesthetic effects may occur when mixed with 
oxygen at a ratio of 80% N2O to 20% oxygen. 
Laughter effects seem to occur after incipient 
asphyxia accompanied by the sudden return of 
oxygen as in air. Nitrous oxide is a slight narcotic, but 
lacks substantial toxicity. Asphyxia will occur due to 
oxygen exclusion. 

Reproductive Effects; Reproductive toxicity has been 
observed in experimental animals exposed at 
concentrations in high concentrations. These effects 
include: 
- Toxic effects to newborn rats after exposure of 
pregnant female to 50,000 ppm for 4 hours. 
- Toxic effects to testes, epididymis, sperm duct in 
male rat following exposures of 200,000 ppm for 8 
hours. 
- Effects on embryo and foetus in exposed rats. 
Teratogenic effects observed in other mammalian 
species. 
Mutagenicity; Effects on genetic material have been 
observed in human, mammalian and insect mutation 
test systems exposed at concentrations of 50,000 ppm 
or greater. 
Carcinogenicity; No carcinogenic effect. 
Other Effects; Blood changes, including changes in 
erythrocyte and leukocyte count, have been reported 
in experimental rats and mice exposed at near the 
current TLV (50 ppm). Changes in body and liver 
weight have been reported. 

 
Nitrous oxide causes toxic effects by irreversible 
oxidation of vitamin B12. This inhibits methionine 
synthase resulting in reduced DNA-synthesis and 
causes the myelotoxic, neurotoxic and most likely 
reproductive toxic effects of N2O [24]. The effects can 
be prevented by folinic acid or methionine 
supplements. Nitrous oxide can lead to severe 
neurological deficits in patients with vitamin B12 
deficiency. Neurologic degeneration has been observed 
in these patients after N2O exposure of only 1.5 to 3.5 
hrs [25,26]. Nitrous oxide in anaesthetic concentrations 
is a mild teratogen in the rat, but in humans there is no 
epidemiological evidence for an increase of foetal 
abnormalities following N2O during pregnancy [27]. 
 
In addition the relevant hazards associated with N2O 
use are summarised in Table 4. 
 

Table 4. Hazard summary of N2O [28]. 
Hazard Value 
Class 2.2 
Explosive No 
Asphyxiant Yes 
Toxic Low 
Flammable No 
Oxidiser Yes 
Corrosive No 
Anaesthetic, MAC Yes, 105% 
 

7. CONCLUSIONS 
 
The catalyst composing of a mixed metal oxide of Ni, 
Co and Zr has been shown to be the most promising 



thermally stable catalyst so far developed at UniS, for 
the decomposition of N2O. Modifications to improve 
upon its activity and thermal stability are continuing, as 
well as a search for other active catalysts. The best 
catalysts will be tested within a thruster, in order to 
prove their compatibility. This testing will also allow a 
detailed design for a N2O monopropellant micro 
thruster to be made.  
 

8. ACKNOWLEDGEMENT 
 
This research is funded by the IMPACT group of the 
Faraday Partnership and Dytech Corporation Ltd. 
 
Special thanks to Society of Chemistry and Industry for 
their support through the award of a Messel Travel 
Bursary. 
 
Thanks also to Dr. J. Sansom, Dr. C. Euesden, Ms. C. 
Thatcher, Mr. F. Ahmed and Ms. K. Powell for their 
help and assistance towards this research. 
 

9. REFERENCES 
 
[1] Lawrence, T. J., 1st International Conference on 
Green Propellants for Space Propulsion, ESTEC, 
Noordwijk, Netherlands, pg. 13, 20th-22nd June, 2001. 
[2] Zakirov, V., et al, Acta Astronautica, Vol. 48(5-12), 
pg. 353, 2001. 
[3] Zakirov, V., Investigation into Nitrous Oxide 
Propulsion Option for Small Satellite Applications, 
University of Surrey, UK, 2001. 
[4] Judy, J. W., Smart Materials and Structures, Vol. 
10(6), pg. 1115, 2001. 
[5] Esper, J., et al., Acta Astronautica, Vol. 46(2-6), pg. 
287, 2000. 
[6] Toki, K., et al, Acta Astronautica, Vol. 50(5), pg. 
285, 2002. 
[7] Rhee, M. S., et al, 14th Annual USU Conference on 
Small Satellites, SSC00-X-5, Utah State University, 
USA, 2002. 
[8] Stavrinidis, C., 1st International Conference on 
Green Propellants for Space Propulsion, ESTEC, 
Noordwijk, Netherlands, pg. 3, 20th-22nd June, 2001. 
[9] Clark, J. D., Ignition! An Informal History of Liquid 
Rocket Propellants, Rutgers University, USA, 1972. 
[10] Sabol, A. P., Evans, J. S., Technical Note 3624, 
National Advisory Comittee for Aeronautics, Langely 
Aeronautical Laboratory, USA, 1956. 
[11] Frolik, S., Aerospace America, pg. 61, DEC 2002. 
[12] Scaled Composites, http://www.scaled.com. 
[13] Lawrence, T. J., Research into resistojet rockets 
for small satellite applications”, University of Surrey, 
UK, 1998. 
[14] Soares Neto, T. G., Applied Catalysis A: General, 
Vol. 250(2), pg. 331,  2003. 

[15] Kapteijn, F., J. et al, Applied Catalysis B-
Environmental, Vol. 9(1-4), pg. 25, 1996. 
[16] Sermon, P. A., et al, 1st International Conference 
on Green Propellants for Space Propulsion, ESTEC, 
Noordwijk, Netherlands, pg. 201, 20th-22nd June, 2001. 
[17] Euesden, C., Comparison of Sol-Gel Prepared 
Catalysts for CO Oxidation and N2O Decomposition 
Reactions, University of Surrey, UK, 2002. 
[18] Ahmed, F., Design of Catalysts for the Abatement 
and Decomposition of Anthropogenic CO2, CH4 and 
N2O, University of Surrey, UK, pending. 
[19] Thatcher, C., Novel Catalytic Converters for Low 
Technology Engines, University of Surrey, UK, 
pending. 
[20] Greaves, G. N., et al, Nuclear Instruments and 
Methods in Physics Research Section B: Beam 
Interactions with Materials and Atoms, Vol. 199, pg. 
98, 2003. 
[21] Sermon, P. A., et al, 13th International Congress 
on Catalysis, Paris, France, 11th-16th July 2004. 
[22] Reed, B. D., On-Board Chemical Propulsion 
Technology, TM - 2004-212698, NASA, USA, 2004. 
[23] BOC Group, Nitrous Oxide : Material Safety Data 
Sheet, USA & Canada, revision 7th June 1996. 
[24] Layzer, R. B., Lancet, Vol. 2(8102), pg. 1227, 
1978. 
[25] Holloway, K. L., Alberico, A., M., Journal of 
Neurosurgery, Vol. 72, pg. 732, 1990. 
[26] Takacs, J., Anaesthesiologie Intensivmedizin 
Notfallmedizin Schmerztherapie, Vol. 31, pg. 525, 
1996. 
[27] Hobbhahn, J., Are Inhaled Anaesthetics Still 
Toxic?, European Society of Anaesthesiologists, 
Refresher Course, Vienna, Italy, 1st April 2000. 
[28] BOC Group, BOC Gasses Handbook, USA & 
Canada, 2001. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


