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ABSTRACT 

The main focus of powertrain development is shifting gradually to the improvement of fuel 
economy and the reduction of CO2 emissions. Lean burn combustion approaches such as the 
diesel engine or stratified spray-guided gasoline direct injection technology are an important 
element in achieving those goals due to the good fuel economy associated with these engine 
concepts.  
A substantial success factor for both types of engines is the further improvement of innova-
tive exhaust gas aftertreatment solutions able to convert nitrogen oxides, or NOx under oxi-
dizing conditions. The NOx storage catalyst or lean NOx trap (LNT) has become the most 
widely adopted choice for engines with gasoline direct injection systems and also for the cur-
rent diesel Bluetec systems from DaimlerChrysler. In the heavy duty sector, as well as for the 
introduction of heavy passenger vehicles for the BIN5 legislation in the USA, urea-SCR tech-
nology is already in use in series production or is being developed for series production.  
In this paper, requirements and trends for future NOx aftertreatment technologies are being 
discussed. Ongoing development work focusing on improving the durability and sulfur resis-
tance of LNT formulations will be presented and discussed in detail. 
 
1.  INTRODUCTION 

The right plot in Figure 5 compares the conversion curves for different aging temperatures 
with the fresh catalyst. Except for one case, the catalysts were aged for 5 hours; only in the 
case of the 750°C aging the data for 10 hours aging were used since data for the 5h aging 
were not available. The plot shows that there are impacts of the aging for all temperatures 
even if an extension of the duration of the aging does not lead to further deactivation like in 
the case of 650 and 750°C. Thermal aging primarily affects NOx performance at lower tem-
peratures, which is evident from the drop in activity at 150°C after 650°C aging.  After aging 
750°C there is also a reduction in NOx conversion activity at 200 °C. For higher operating 
temperatures above 250°C however thermal aging causes an increase in the catalytic per-
formance. This effect has already been described in the literature [7]. The reason is presuma-
bly linked to precious metal sites which have been shown to limit the stability of nitrates at 
high temperatures. After moderate aging those precious metal sites sinter which attenuates 
their activity in general and their destabilising impact on nitrate sites in particular. Lower 
precious metal activity allows some nitrates to exist at higher temperatures than their inherent 
thermodynamic stability would suggest thereby improving NOx storage at higher tempera-
tures.  

For diesel applications the current emission legislation standards can be met without a cata-
lytic aftertreatment solution in most parts of the world. As of 2007 the only exception were 
the new Tier II Bin 8 and Tier II Bin 5 standards in the US, which are virtually impossible to 
comply with without a catalytic aftertreatment device. For example the Daimler E320 
Bluetec, launched at the end of 2006 in the US represented the first diesel vehicle certified to 
Tier II Bin 8 and is equipped with a NOx-storage catalyst. Outside the US, changes to the en-
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gine calibration were enough to bring emissions into compliance with existing standards. 
However new legislation standards in Japan, Europe and North America will in many cases 
require dedicated catalytic aftertreatment solutions for diesel applications since adjustments to 
the engine calibration alone won’t be sufficient (Fig. 1). While the upcoming Euro 5 stan-
dards which will come into effect in 2009 won’t require catalytic aftertreatment, the more 
challenging Euro 6 standards will most certainly require both a further reduction in raw emis-
sions and an active NOx aftertreatment.  
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Figure 1: Emission legislation in North America and Europe 

 
In Japan the market share of diesel passenger cars has always been relatively small in the past 
because of its particulate emissions and the higher noise levels than those found in gasoline 
engines. Improved driving characteristics as well as ever increasing fuel prices have led to an 
increased acceptance of the diesel in Japan as well. In Japan an active NOx aftertreatment will 
most likely be widely required in 2009. 

The first direct injection gasoline applications with stratified direct injection were introduced 
into the European market in 1999 and complied with the Euro 4 legislation standards. Like 
stoichiometric gasoline applications, gasoline DI applications have always required an active 
aftertreatment solution. LNTs are the key component for emission control. They function as a 
NOx-control device under lean conditions as well as a regular three way catalyst under 
stoichiometric conditions [2]. 
The application of an LNT in a diesel vehicle poses some particular challenges compared to a 
gasoline DI case. In a diesel application the LNT must function properly in lean mode in the 
entire engine map since unlike in the gasoline DI case the diesel operates lean all the time. 
This puts high demands on the LNT’s robustness. Another challenge is associated to the 
LNT’s inherent vulnerability to sulfur poisoning which requires regular desulfations in order 
to restore the LNT’s catalytic activity. The desulfation procedure involves quite harsh condi-
tions of temperatures in the order of 600-750°C under rich, that is net reducing conditions. 
High temperatures are much harder to achieve in a diesel application compared to the gaso-
line DI case where desulfating conditions occur much more frequently. Furthermore an LNT 
requires brief intervals with rich exhaust gas, in order to provide NOx control. Achieving rich 
exhaust gas in a diesel without adversely affecting driveability and sonic behaviour was a 
huge challenge that took some time to be solved.  
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In order to increase robustness and reduce cost, LNT systems are still being optimised and 
further improved. Especially for diesel applications one main approach in that regard is a re-
duction of the required desulfation temperature necessary to remove the sulphur adsorbed on 
the catalyst which causes deactivation over time. The desulfation procedure involves quite 
harsh conditions of temperatures in the order of 600-750°C which can cause unwanted ther-
mal deactivation of the catalyst. A lower propensity to adsorb sulphur as well as a lower 
desulfation temperature required to remove the sulphur lead to a substantially improved dura-
bility of the LNT. 
In this paper we focus on the ongoing development of diesel LNT formulations. We will pre-
sent and discuss a detailed study into the effect of thermal aging at different temperatures and 
for various periods of time. These data allow to precisely define optimal operating conditions 
which in turn ensure maximum long term performance of the catalyst. The main subject of the 
remainder of the text is a formulation, denoted catalyst A, that exhibits improved sulphur re-
lease properties that allows for lower desulfation temperatures and hence result in improved 
long term performance as demonstrated in engine bench testing. 
 
 
2.  WORKING PRINCIPLE OF THE LNT 

The basic mechanism of NOx-reduction by an LNT involves storage of NOx under lean engine 
operating conditions and subsequent reduction to nitrogen in brief pulses of net reducing gas 
composition. Substantial improvement in engine calibration of diesel engines has led to very 
smooth lean/rich transitions that go completely unnoticed by the driver. The NOx storage 
process involves the oxidation of NO, which is the most abundant NOx species, to NO2. This 
step is crucial since NO2 has a much higher adsorption rate than NO [3-6]. In the absorption 
process, NO2 is stored as nitrate on basic sites on the catalyst, mainly oxides of alkali or earth 
alkaline elements such as barium or potassium. The transformation from NO2 to nitrate in-
volves another oxidation step which is believed to be assisted by precious metal present on 
the catalyst. The typical activity window of an LNT ranges from 150 to 500°C with a maxi-
mum NOx conversion activity between 300 and 400°C. 
In the temperature region below 300°C the activity is mainly limited by the kinetics of the 
NO-oxidation reaction. This reaction produces the precursor for the NOx-storage, the NO2, 
and the rate of this reaction decreases with temperature. In the high temperature regime the 
stability of the nitrates limits the conversion activity. Their thermodynamic stability decreases 
with increasing temperature and above 550°C Ba nitrates do not form anymore under lean gas 
atmosphere. The main storage materials comprise metal oxides that form stable nitrates in the 
relevant temperature range. Those are mainly oxides of alkali metals (Na, K, Rb, Cs), earth 
alkaline metals (Mg, Ca, Sr, Ba) and to some extend rare earth metals, like for instance La [7]. 
Two main mechanisms are responsible for the deactivation of an LNT catalyst in a diesel ap-
plication [7,8]. Regular thermal regenerations of the particulate filter and desulfations of the 
LNT itself represent a substantial thermal load for the catalyst. Thermal aging impacts the 
NOx conversion activity at moderate operating temperatures between 150-350°C first, while 
NOx activity for higher operating temperatures is more resilient with respect to thermal expo-
sure [8,9]. The second important deactivation mechanism involves the poisoning with sulphur 
contained in the exhaust gas. Sulfur forms very stable sulfates with the storage sites on the 
LNT and thereby reduces the number of sites available for NOx-storage. Sulfur removal in-
volves exposing the catalyst to reducing conditions at elevated temperatures of some 600-
750°C for several minutes. Desulfation intervals can be anywhere in the region of one thou-
sand to several thousand km. Sulfur contained in the fuel is the major source of the poisoning 
agent SO2 which is why low sulfur fuel with less than 10 ppm of sulfur is recommended in 
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order to achieve realistic desulfation intervals. Low sulfur levels in the fuel reduce the num-
bers of desulfation events over the catalyst’s lifetime and in turn reduce the thermal stress. 
Yet, even with 10ppm of sulfur in the fuel the catalyst still needs to be desulfated regularly, 
albeit with longer mileage between two events. Since lubricants also contain some sulfur 
components, sulfur poisoning will most likely still be an issue even with possible increased 
future use of synthetic fuels. 
A delicate balance has to be struck in choosing the optimal desulfation temperatures. The 
desulfation represents thermal stress which can impact the NOx conversion activity at moder-
ate temperatures below 300°C. On the other hand inefficient desulfation due to insufficient 
temperature levels causes NOx conversion at higher operating temperatures above 400°C to 
suffer. The desulfation temperature must therefore be defined depending on the type of appli-
cation and the temperature window where NOx conversion activity is mostly required.   
 
 
3.  AGING STUDY 

The discussion in this paper will be mainly based on one LNT formulation, denoted catalyst 
A. If not stated otherwise the discussion pertains to this formulation. A systematic aging study 
has been conducted in order to assess the impact of high temperatures on catalyst aging. In 
particular the question regarding the relative importance of aging temperature and duration 
was being investigated. The sensitivity of catalyst aging to both parameters is crucial in order 
to define the optimal window for operating conditions which at least partly results from the 
trade-off between required desulfation temperature and maximum acceptable thermal expo-
sure.  
 
 1h 2h 5h 10h 20h 50h 100h 
650°C        
750°C        
800°C        
850°C        
900°C        

Figure 2: Aging matrix for the LNT aging study 
 
 
Cores with dimensions of one inch diameter and 3 inch length were being aged in a furnace at 
different temperatures and exposition times. The aging matrix is shown in Figure 2. It con-
tains systematically varying temperatures and aging durations in order to derive quantitative 
trends and assess the relative impact of temperature and exposure time. The aging tempera-
tures were chosen in order to reflect relevant conditions on the vehicle. Shorter durations 
were chosen for the higher aging temperatures since long expositions are not realistic on the 
vehicle. Furthermore, since aging processes are faster at elevated temperatures and therefore 
happen on a shorter timescale. The aged samples were tested on a synthetic gas bench with 
respect to their NOxconversion activity.  
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Figure 3:  NOx conversion for different times of aging and two aging temperatures;  

left T=650°C, right T=750°C 
 
 
The activity test involves monitoring the exhaust species under lean/rich cycling conditions, 
typical of the operation on the vehicle. The NOx conversion values represent average numbers 
calculated by averaging over both the lean and rich cycle. The duration of lean and rich cycles 
was 300 seconds and 20 seconds respectively at a space velocity of 35000 h-1. The NOx-
concentration was 100ppm. Figures 2-5 show the NOx conversion curve after aging for one 
given aging temperature and varying exposition time. The right plot in Figure 5 finally shows 
a comparison for a constant exposure time and varying temperature. For the lowest aging tem-
perature (650°C) there is no noticeable deactivation for any time between 5h und 100h of ex-
position. The slight spread of results is most likely due to statistical variations in the aging 
and testing procedures. For aging at 750°C the same is being observed as for 650°C aging. 
The exposition time seems to have no impact on NOx conversion activity for any duration 
between 5 and 100h (there are no data available for aging after 5h due to a malfunction of the 
analysis). For aging temperatures of 800, 850 and 900°C on the other hand there is a clear 
trend with exposition time. Longer thermal exposure leads to more severe deactivation of the 
catalyst. 
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Figure 4:  NOx conversion for different times of aging and two aging temperatures;  
left T=800°C, right T=850°C 

 
 
The right plot in Figure 5 compares the conversion curves for different aging temperatures 
with the fresh catalyst. Except for one case, the catalysts were aged for 5 hours; only in the 
case of the 750°C aging the data for 10 hours aging were used since data for the 5h aging 
were not available. The plot shows that there are impacts of the aging for all temperatures 
even if an extension of the duration of the aging does not lead to further deactivation like in 
the case of 650 and 750°C. Thermal aging primarily affects NOx performance at lower tem-
peratures, which is evident from the drop in activity at 150°C after 650°C aging.  After aging 
750°C there is also a reduction in NOx conversion activity at 200 °C. For higher operating 
temperatures above 250°C however thermal aging causes an increase in the catalytic perform-
ance. This effect has already been described in the literature [7]. The reason is presumably 
linked to precious metal sites which have been shown to limit the stability of nitrates at high 
temperatures. After moderate aging those precious metal sites sinter which attenuates their 
activity in general and their destabilising impact on nitrate sites in particular. Lower precious 
metal activity allows some nitrates to exist at higher temperatures than their inherent thermo-
dynamic stability would suggest thereby improving NOx storage at higher temperatures.  
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Figure 5:  NOx-conversion for different times of aging at T=900°C (left); NOx-
conversion for different aging temperatures and given time of aging (right) 

 
 
  
One obvious strategy to protect low temperature NOx activity as much as possible is therefore 
a reduction of thermal exposure during desulfation events by improving the sulfur release 
properties of the catalyst. The technology discussed in the aging study had been improved 
substantially with respect to the required desulfation temperature compared to its predecessor 
formulation (B). A reduction of the desulfation temperature by some 100°C allows to limit the 
peak thermal exposure during desulfation to 650°C and in turn to maintain good NOx conver-
sion activity at moderate temperatures. Figure 7 shows lab results for sulfur release tests per-
formed on synthetic gas bench for catalysts A and B. The plot shows the rate of sulfur release 
as a function of temperature. The peak of maximum rate of sulfur release is occurring at 
clearly lower temperatures for catalyst A compared to formulation B. 
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Figure 6:  NOx-conversions for two selected operating temperatures (200, 400°C) and 
two aging temperatures (left T=650°C, right T=750°C) 
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Figure 7:  Sulfur release rate as a function of temperature for catalysts A and B 
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4.   ENGINE AGING AND TESTING 
 
In order to assess the long term stability under more realistic operating conditions catalysts 
were aged on the engine bench and evaluated in regular intervals in simulated NEDC (New 
European Driving Cycle) tests. This work was being conducted in cooperation with Bosch. 
The investigations were carried out with a catalyst volume of 2.5 L on a 2.2 L common rail 
diesel engine. Diesel fuel with 50 ppm sulfur content was being used throughout, so this ag-
ing also included aging effects due to sulfur poisoning. The catalyst was desulfated in regular 
intervals (after 1g per litre of catalyst exposure) and its performance in the NEDC cycle was 
evaluated after each desulfation. An aging sequence was being conducted with technologies 
A und B using a desulfation temperature of ~750°C and a desulfation strategy which had 
been optimised for technology A (Figure 8). The NOx-performance as evaluated in the NEDC 
drops from 95% in the fresh state to some 60% after 450 hours of aging.  Based on the sulfur 
exposure and assuming typical fuel consumptions of low sulfur fuel (10ppm) the entire aging 
corresponds to a mileage of some 200,000 km. 
The trade off between the required desulfation temperature and the thermal aging linked to 
that is apparent in the test results. As Figure 7 shows the desulfation temperature for technol-
ogy A is lower by some 100°C compared with catalyst B. The aging sequence was being re-
peated with catalyst A only and with a desulfation temperature of 650°C which is the optimal 
value for that technology. Furthermore the NOx-regeneration strategy was being optimised. 
The results show an improved long term performance with a NOx conversion of some 85% at 
the end of the aging.  
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Figure 8:  NOx-conversions as recorded on the engine bench in simulated NEDC driv-
ing cycles as a function of aging time. Vehicle mileage was extrapolated as-
suming 15 ppm sulfur fuel 
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5.  CONCLUSIONS 
 
A detailed aging study has been conducted on synthetic gas bench in order to investigate the 
relative impact of aging temperature and time of exposure. Both parameters have an important 
influence on the catalytic performance. At increasing temperatures the rate of thermal deacti-
vation accelerates so that a maximum temperature limit should be defined that the catalyst is 
not to exceed. In the case of technology A this limit is somewhere in the region of 650-700°C 
in order to protect and maintain good performance in the regime of moderate temperatures of 
200-250°C. A reduction of the desulfation temperature by increasing the rate of sulfur release 
is the most important strategy to achieve this goal. The aging tests on the diesel engine dem-
onstrated the improved robustness and durability of technology A once the desulfation tem-
perature is adjusted to the technology’s optimal value. The present work shows that a holistic 
approach is crucial for a successful implementation of an LNT in a diesel application. Tar-
geted design of the the chemistry of the LNT formulation as well as a good understanding of 
the importance and influences of application parameters are key in order to ensure long term 
stability and robustness of the LNT system. 
 
 
6.  ACKNOWLEDGEMENTS 
 
The authors would like to thank all colleagues from Bosch and Umicore for their contribution 
to this work. 
 
 
LITERATUR 
 

[1]  A. Waltner, P. Lückert, U. Schaupp, E. Rau, R. Kemmler, R. Weller / Die Zukunfts-
technologie des Ottomotors: strahlgeführte Direkteinspritzung mit Piezo-Injektor / 27. 
Internationales Wiener Motorensymposium /  S. 24-43 (2006).  

[2]  R. Krebs, E. Pott, T. Kreuzer, U.Göbel, K.-H. Glück, SAE Technical Paper No. 2001-
01-0346 (2002). 

[3]  A. Amberntsson, M. Skoglundh, S. Ljungström, E. Fridell, J. Catal. 217 (2003) 253. 

[4] A. Amberntsson, M. Skoglundh, M. Jonsson, E. Fridell, Catal. Today 73 (2002) 297.  

[5] F. Rohr, S.D. Peter, E. Lox, M. Kögel, A. Sassi, L. Juste, C. Rigaudeau, G. Belot, P. 
Gélin, M. Primet, Appl. Catal. B; 56, (2005) 201. 

[6]  H. Mazoul, J.F. Brilhac, P. Gilot, Appl. Catal. B 20 (1999) 47. 

[7] W.S. Epling, L.E Campbell, A. Yezerets, N.W. Currier, J.E. Parks II, Catal. Rev. 46(2) 
(2004), 163. 

[8]  C. Sedlmair, K. Seshan, A. Jentys, J.A. Lercher, Catal. Today 75 (2002) 413. 

[9] F. Rohr, U. Göbel, P. Kattwinkel, T. Kreuzer, W. Müller, S. Philipp, P. Gélin, Appl. 
Catal. B, 70 (2007) 189. 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


