
Electric mobility calls for innovative materials

The future of travel is electric

Over the next decade, cars will undergo a greater transformation than in the last hundred years, with their drive systems, 

design and materials changing fundamentally. The push toward electric mobility presents carmakers with completely new 

challenges. Vehicles don't just have to be lighter – high-tech batteries also make the car a true electrical appliance. Meet-

ing these challenges calls for innovative materials and comprehensive solutions as offered by the global team of automotive 

experts from Bayer MaterialScience. These range from electric charging stations and materials for batteries and bodywork 

parts to special raw materials for adhesives and coatings. Innovative Bayer materials are also enabling further expansion of 

renewable energy sources, such as electricity generated by wind and solar power.
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tence centers for the automotive industry in all 

three regions (America, Europe and Asia). Bayer 

researchers are harnessing their material know-

how to develop new materials for lighter vehi-

cles and more powerful batteries, among other 

things. “Current trends such as lightweight con-

struction are being expanded further by electric 

mobility,” says Dr. Joachim Simon, Head of Auto-

motive and Transport at Bayer MaterialScience's 

Polycarbonates Business Unit in Leverkusen. In 

his view, cars will become genuine electrical 

products in the future. This will result in a com-

pletely new set of requirements.

“Although electric drives are highly efficient, 

the storage capacity of today's batteries is still 

far from adequate, and they are also extremely 

heavy,” says Radunz. For a range of 150 kilo-

meters, an electric car needs batteries that can 

weigh several hundred kilograms. By way of 

comparison, an average vehicle with a gasoline 

combustion engine only needs to carry appro-

ximately five kilograms of fuel for the same 

distance, because a 90-kilogram battery has 

roughly as much energy as a liter of fuel. Electric 

cars therefore need to be “slimmed down.” The 

heavier they are, the faster the battery dischar-

ges, thereby reducing the range. “A lightweight 

body can offset the weight of the battery. And 

if the vehicle as a whole weighs less, the battery 

can also be smaller, as less mass needs to be 

transported,” says Radunz. The “diet” therefore 

pays off in several ways, including financially. 

This is because batteries are currently still the 

most expensive element of electric mobility. 

“Lower costs for batteries will play a key role in 

making vehicles affordable and therefore esta-

blishing electric mobility on a broad scale,” says 

Holly Lei, Simon's colleague in Shanghai.

Up to now, most vehicles still largely consist 

of heavy steel. Bayer researchers are therefore 

making cars lighter with plastics such as poly-

carbonate and polyurethane (PU). “Polyurethane 

weighs much less than steel and around half as 

much as aluminum. Yet polyurethane bodywork 

parts offer optimal protection to the vehicle 

occupants in a crash,” says Jörg Palmersheim, an 

expert in polyurethane applications in automo-

biles at Bayer MaterialScience. Bumpers, fenders 

and door sills have been made from polyure-

thane in the past. “We're working on producing 

entire car roofs from  this material – making 

Electricity creates mobility – roads are becoming 

quieter, and in the future cars will drive without 

producing any exhaust gases. In many large cit-

ies, small numbers of electric vehicles are already 

buzzing through the heavy traffic of gasoline 

and diesel cars. But climate protection and 

shrinking oil reserves are now pushing carmak-

ers throughout the world to put electric mobil-

ity in the fast lane. First and foremost, the new 

drives reduce reliance on oil. And charged with 

energy from wind, solar or hydroelectric power, 

electric cars substantially reduce CO
2
 emissions. 

Some carmakers are now already manufacturing 

electric cars in series production, though still in 

small volumes.

As promising as this development is, 

numerous problems need to be solved before 

these quiet, eco-friendly vehicles can become 

widely established. “It's not enough to sim-

ply replace the combustion engine and fuel 

tank with an electric motor and battery,” 

says Herbert Radunz, Head of Industrial   

Marketing Automotive at Bayer Material-

Science. “People also want to cover longer dis-

tances easily without constantly stopping to 

recharge. If electric cars can manage that, they 

can also gain a foothold in the mass market.” 

Based in Leverkusen, Radunz coordinates the 

Group's global focus in the automotive indus-

try and thus also the development activities for 

electric mobility. The company operates compe-

High battery weight offset by 
 lightweight body

The team of lightweight construc-

tion experts at Bayer Material-

Science headed by Dr. Joachim 

Simon plans to make new vehicle 

concepts possible with exterior 

components and roof elements 

made of Bayer materials.

Sunroofs – Bayer  researchers 

are using innovative photo-

voltaic modules and solar air 

collectors that also serve as 

roof coverings to enable solar 

energy to be used for power-

ing private electric cars (see 

also page 40).
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them lightweight but nevertheless strong and 

safe,” he says. Plastics are particularly robust 

when reinforced with carbon fibers, for example. 

With carbon fiber-reinforced plastic, or CFRP for 

short, carmakers can achieve weight reductions 

of up to 80 percent over steel. The material is 

already tried-and-tested in Formula 1. The safety 

cell of race cars – the monocoque – consists 

entirely of CFRP, for example, and has already 

saved many drivers' lives in crashes.

In the future, a car's occupant cell could also be 

made of CFRP. “But this doesn't just help elec-

tric cars – innovative lightweight construction 

concepts also reduce fuel consumption and 

emissions for vehicles equipped with combus-

tion engines, thus playing a key role in climate 

protection,” says Bruce Benda, Vice-President, 

Automotive Key Account Management at Bayer 

in Pittsburgh, United States. 

The new materials are also changing produc-

tion processes, as more plastic in exterior auto-

motive components is leading to increasing use 

of new bonding technologies, too: “In the future, 

bonding will be used even more than welding 

or riveting,” says Dr. Lothar Kahl, responsible for 

coating/adhesive activities in the automotive 

sector at Bayer Material Science. Bayer develop-

ment engineers are therefore working on eco-

friendly, high-performance, polyurethane-based 

adhesives for plastic components. Polyurethane, 

too, will play an even greater role in coating car 

bodies in the future, and this will help cut energy  

consumption in vehicle production. “Most of the 

energy used in automobile manufacturing goes 

on the coatings because they cure at tempera-

tures of up to 200 degrees Celsius,” says Kahl. 

However, plastics are processed at much lower 

temperatures. With polyurethane-based coating 

systems, Bayer's materials experts can achieve 

the required quality at just 80 degrees Celsius.

In addition, plastics do not need a layer of 

anti-rust protection. The number of paint coats 

can therefore be reduced, markedly decreasing 

CO
2
 emissions in automobile production.

Yet, in slimming down the cars of the future, 

Bayer researchers are not just using plastics: 

Innovative material concept – 
aluminum with nanotechnology

Checking out the results – at 

Bayer MaterialScience's Polymer 

Innovation Center in Shanghai, 

development engineer Yilan Li 

checks freshly molded headlight 

inserts made from lightweight 

plastics.

Electricity from wind – 

Bayer polyurethanes ensure 

the rotor blades of innovative 

wind turbines are exception-

ally strong and also enable a 

unique aerodynamic design 

(see also page 7).
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“Although composite materials such as CFRP 

are promising, they're still very expensive in pro-

duction. Aluminum also has great potential as a 

material for lightweight construction in specific 

applications,” says Dr. Daniel Rudhardt from the 

Carbon Nanotubes group at Bayer Material-

Science. This is because the strength of alumi-

num could still be increased to an exceptional 

degree by pulling something out of the nano-

technology box of tricks. Bayer researchers are 

looking to further optimize the properties of the 

metal with carbon nanotubes, or CNTs for short. 

Baytubes™ – carbon atoms linked together like 

a honeycomb – are about ten thousand times 

thinner than a human hair and yet are excep-

tionally strong. And with this property, CNTs can 

also enhance other materials: “We're working to 

strengthen aluminum with our Baytubes so that 

it becomes as hard as steel,” says Rudhardt. “If 

this is successful, it will revolutionize automotive 

technology.”

And nanotubes can do even more – they also 

extend the lifespan of lithium-ion batteries 

for electric cars, as they conduct electricity 

extremely effectively. While driving – i.e. when 

the battery releases electricity – lithium ions 

move from one electrode to another. When the 

vehicle is idle, the charged particles are stored 

in a graphite electrode. However, over time, 

small cracks appear there that break the electri-

cal contact and, as a result, the battery's stor-

age capacity decreases. This is something that 

Bayer researchers aim to prevent by using CNTs. 

“Thanks to their elongated form, carbon nano-

tubes wrap around the graphite electrode like 

Quality control – if the aim is to 

make cars lighter by using plastics, 

innovative approaches to coating 

are required. Laboratory engineers 

Michael Chen (left) and Daogui 

Li (right) assess a freshly coated 

fender at Bayer MaterialScience's 

Shanghai research center.

High-tech materials for electric 

cars – Bayer MaterialScience mate-

rial specialists offer numerous inno-

vative approaches to future electric 

mobility, ranging from batteries, raw 

materials for coatings and adhesives 

to bodywork parts.

Carbon nanotubes 

for lithium-ion 

batteries

Polyurethane 

 dashboards

Lightweight polyure-

thane roof elements

Polycarbonate 

 glazing

Polyurethanes, films, 

raw materials for 

 coatings and adhesives 

for lightweight plastic 

bodywork parts

Polycarbonate for 

 lightweight headlights

Aluminum  components 

reinforced with carbon 

nanotubes (CNTs)

Baytubes™ boost lifespan of 
 lithium-ion batteries
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spaghetti and ensure a reliable flow of current, 

even if there is a small amount of damage,” says 

Rudhardt. And the benefits don't end there – 

CNTs can accommodate more lithium ions than 

graphite because they offer a larger surface area 

thanks to their three-dimensional, tubular shape. 

Bayer experts are therefore replacing a portion 

of the graphite with nanotubes, thus enabling 

the battery to store more energy while weigh-

ing the same.

Batteries also have to meet extremely strict 

safety requirements. “Although the chemistry 

is the same as in a laptop lithium-ion battery, 

the dimensions are not comparable,” says flame 

retardance expert Dr. Claus Rüdiger. A com-

puter stores less than 100 watt hours, whereas 

an electric car battery stores several thousand. 

“Even the small storage devices in a notebook 

can explode if damaged and set fire to the whole 

appliance. This must not happen in a car, even 

in the event of an accident,” he says. He and his 

colleague Roger Lian in Shanghai head up the 

international Bayer team that is therefore also 

developing special plastics for the outer casings 

of new high-performance storage devices. The 

main requirements are for them to be strong and 

flame-retardant.

Designed to deliver peak performance and 

ensure safety, the battery doesn't provide energy 

for just the vehicle's drive system, but also for 

the air conditioning, for instance. Some ques-

tions remain unanswered when comparing 

electric cars to gasoline-powered vehicles: “The 

combustion engine offers one key advantage 

despite its low efficiency. In reality, it's a rolling 

heating system, and the abundant heat gener-

ated by the engine can easily heat the interior. 

An electric motor, in contrast, emits hardly any 

usable heat,” says Volkhard Krause, Head of the 

Automotive Glazing team.

Automotive engineers therefore need to 

develop new ideas to ensure heating and air-

conditioning systems do not consume too much 

of the useful battery current. One potential solu-

tion is for the vehicle interior to be heated to a 

comfortable temperature while the car is still at 

the charging station. Improved insulation would 

then ensure a stable environment during travel. 

However, “the glazing is the weak spot – a car's 

interior quickly heats up through the glass in the 

summer and loses heat through it in the winter,” 

In the fast lane – Hans-Peter Neu-

wald, automotive expert at Bayer 

MaterialScience, coordinates an 

international team of researchers 

and developers. They are working 

together on innovative solutions for 

batteries, adhesives, coatings and 

bodywork parts to ensure electric 

cars will also be able to cover longer 

distances in the future without 

stopping to recharge.

says Krause. The trend toward large panoramic 

roofs could therefore lead to an energy prob-

lem in electric cars. But Bayer materials experts 

have also developed an alternative solution for 

this. They are replacing the glass in roof modules 

with the transparent Bayer polycarbonate Mak-

rolon™, which offers significantly better heat 

insulation. Using polycarbonate glazing also 

cuts weight substantially, and not just in the 

roof area. Specialists from the Bayer Material-

Science glazing team have already developed 

a prototype for a complete rear hatch with a 

plastic/metal composite, using polycarbonate for 

the hatch glazing, among other things. Tail and 

brake lights, turn signals and high-mount brake 

lights are located behind the outer shell, which 

is made completely of Makrolon™. Overall, this 

innovative design weighs up to 40 percent less 

than the conventional version with metal and 

glass, and also helps ensure electric cars do not 

need to be charged up so often from the outlet.

And as each vehicle is far from having its 

own garage to park in, electric mobility in the 

future also needs a public infrastructure, such 

as electric charging stations. The charging posts 

of these are still largely made of metal, but the 

polycarbonate Makrolon™ offers a number of 

advantages here: firstly, it enables disruption-

free wireless communication between the driver 

and the charging station via RFID and cellphone 

NFC (radio frequency identification and near 

field communication) systems. Secondly, com-

pared with metal it permits great design free-

Solar aircraft – the ultra-

light “Solar Impulse” aircraft 

is set to fly all around the 

world powered only by solar 

energy. Products such as spe-

cial carbon nanotubes from 

Bayer – Baytubes™ – help 

cut the aircraft's weight and 

ensure greater stability.

Optimal thermal management for the 
electric cars of the future
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What are currently the biggest obstacles to establishing 
 electric mobility on a widespread basis?
The core technologies for electric cars, such as batteries and 

battery management systems, are available. However, the cost 

of constructing an electric vehicle is relatively high due to the 

enormous initial investments. Another factor is the long lead 

time for electric cars – nowadays, it takes three to four years to 

develop a completely new model and if you move away from 

the traditional design, it takes even longer. The market there-

fore needs to wait a while for progress to become apparent.

What possibilities do you see for extending the electric 
car's range?
The distance an electric car can drive depends on the battery's 

energy density. Next-generation batteries with an energy 

density twice as high as existing electric car batteries are 

currently being developed in the automotive industry. 

This means doubling the range and halving the costs.

Do you see solutions for cutting battery charging time?
Charging takes several hours under current technical conditions. 

Even fast charging, where a battery is charged to 50  percent, 

still takes twenty minutes. Car owners can charge their cars at 

Dr. Xu Kangcong is Chief Engineer for electric vehicles at 

Chinese automotive manufacturer SAIC Motor Passenger 

Vehicle Co. research spoke to him about electric mobility.

Interview: Dr. Xu Kangcong 

Automotive expert – Dr. Xu Kangcong has 

produced over 18 nationally patented 

inventions and drafted several national 

standards.

Electric mobility in China – large numbers of Chinese 

are already using electric vehicles, but these are still 

mainly two-wheelers, such as scooters and e-bikes. 

Nonetheless, experts also expect to see an e-mobility 

boom in the automotive sector.

This interview represents the personal opinions of Dr. Xu Kangcong and does not reflect the position of SAIC Motor Corp. Ltd.

“The market needs to be patient and wait for 
 progress to become apparent.”

work, in designated parking spaces or at home, for example. 

Numerous charging stations and facilities will be made available 

in public areas.

When do you believe the electric car will achieve its 
 breakthrough?

The market for electric cars will grow slowly with the develop-

ment of a dynamic battery. Electric cars are regarded as commuter 

vehicles at the current stage of development. They aren't suitable 

for long distances and won't replace cars with combustion 

engines so quickly. Conventional, hybrid and electric cars will 

coexist for a long time yet.

How will mobility change in the future?
Electricity is an excellent energy source – 

perhaps the optimal energy source for cars. 

Electric cars in China are currently running 

on lithium batteries whose energy is largely 

generated at coal-fired or hydroelectric 

power plants. Other technologies for produc-

ing and storing electricity, such as hydrogen 

and nuclear power, are still in development.
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www.research.bayer.com/e-mobility
Further information on electric mobility

dom, so it can be used not only to build the 

casing but also the transparent display, which 

will make a flexible, modular structure for charg-

ing stations possible. One side of the station 

could then be used to charge the batteries of 

an electric car while on the other side an e-bike 

is charging. In fact, charging stations made of 

Makrolon™ can already be seen in the Nether-

lands, where e-bikes are in widespread use, as 

well as elsewhere in the world.

"Charging stations made of Makrolon are 

extremely robust," says Dr. Thorsten  Niklas, a 

polycarbonate expert at Bayer Material Science. 

"Makrolon is not only resistant to subzero 

 temperatures, wind and rain, it also offers pro-

tection against vandalism." Materials from 

Bayer  MaterialScience are therefore found in 

all aspects of electric mobility – from vehicles 

and batteries to charging stations. Radunz sums 

Harnessing electricity – the 

Bayer plastic Makrolon™ 

is ideal for robust, cost-

effective charging stations. 

It doesn't just withstand 

subzero temperatures and 

rain – it also offers protection 

against vandalism.

Coatings under climatic stress – new 

materials for coating plastics need 

to withstand extreme temperatures 

and weathering. That's why labora-

tory engineer Wen Xu tests material 

 samples in the climatic chamber 

at Bayer MaterialScience's Polymer 

Innovation Center in Shanghai under 

the toughest conditions.

up the objectives of Bayer MaterialScience in the 

following way: “With our innovative system 

solutions and services, our aim is to continue to 

be the partner and supplier of choice for the 

automotive industry in the future – for the 

entire value-added chain, from parts and sys-

tems suppliers to the automotive manufacturer.” 

After all, the design of electric cars still barely 

differs from today's conventional vehicles with 

combustion engines. Electric vehicles largely 

continue to be developed and produced in the 

traditional way. “However, we expect to see fun-

damental changes in material usage and produc-

tion processes in the long term as a result of 

completely new vehicle  concepts,” says Radunz. 

The global E-mobility team at Bayer Material-

Science is already working on this.

Filling up with electricity at 
 Makrolon™ charging stations

71

Ba
ye

r 
re

se
ar

ch
 _

23

Materials 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting true
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /SimulatePress
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


