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Project Overview
Develop Low-Pressure Hydrogenolysis Catalyst

Project Goal: Develop hydrogenolysis catalyst that can operate at low-pressures
(< 5 MPa) and demonstrate conversion of a fermentation-derived C6 intermediate
to a high value chemical monomer.

Outcome:

» Accelerated catalyst and process development to convert the bio-derived
iIntermediate to a high value monomer.

= Supporting the start-up company (Visolis) with commercializing their
technology.

Relevance:
= Risk and cost reduction for bioproduct process commercialization
= Develop a stable and selective catalyst for biomass conversion R&D
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1 — Management

ChemCatBio Foundation — Fiscal Year 2021

Catalytic Technologies

Catalytic Upgrading of Biochemical

Intermediates

National Renewable Energy Laboratory (NREL), Pacific Northwest
National Laboratory (PNNL), Oak Ridge National Laboratory (ORNL),
Los Alamos National Laboratory

Upgrading of C1 Building Blocks
NREL

Upgrading of C2 Intermediates
PNNL, ORNL

Catalytic Fast Pyrolysis
NREL, PNNL

Electrocatalytic CO, Utilization
NREL

ChemCatBio Lead Team Support (NREL)

Enabling Capabilities

Advanced Catalyst Synthesis and

Characterization
NREL, Argonne National Laboratory, ORNL

Consortium for Computational

Physics and Chemistry
ORNL, NREL, PNNL, Argonne National Laboratory,
National Energy Technology Laboratory

Catalyst Deactivation Mitigation for

Biomass Conversion
PNNL

Cross-Cutting Support

ChemCatBio DataHUB (NREL)

Chem

Industry
Partnerships
(Phase Il Directed

Funding)

Opus12 (NREL)

Visolis (PNNL)

Sironix

(Los Alamos National Laboratory)




1 — Management

Integrated Work between PNNL and Visolis

S~ Project Management | Karthikeyan Ramasamy (PNNL) | Deepak Dugar (Visolis) Y

Pacific Develop strategy, coordinate research activities, facilitate regular communications between the team
Northwest members and communicate with BETO.

Catalyst Synthesis | Senthil Subramaniam (PNNL)

Prepare hydrogenolysis catalyst for combinatorial
and flow reactor testing and engineer the catalyst.

Combinatorial Experiments | Mond Guo (PNNL)

Design, plan and conduct combinatorial experiments
for catalyst and process parameter identification.

Flow Reactor Testing | Mond Guo (PNNL)

Conduct catalyst testing experiments in flow reactor
to develop deactivation kinetics and demonstrate
catalyst lifetime.

ChemCatBio

CARBON NEGATIVE MATERIALS

Intermediate Production | Shylesh Pillai (Visolis)

Generate and purify (as needed) fermentation derived

intermediate feedstocks for the hydrogenolysis
catalyst development testing.

Techno Economic Analysis | Kedar Cholkar (Visolis)

Conduct techno economic analysis to guide the

experimental work and develop process flow diagram.

Bioenergy Technologies Office |




1 — Management
Communication between Stake Holders Enables the Project Success

“ Project Structure “ Project Management

External industrial Catalyst = Milestones and Go/No-Go
partners Discovery decision

v' Catalyst development = Communication between
v Process development Catalyst Techno PNNL and Visolis

BETO peer review Stability Economic v Biweekly team meeting

Demonstration Analysis

v" Year end face to face

\/ meeting

Literature information

Successfully Completed the Phase | Go/No-Go:

= Developed the hydrogenolysis catalyst that can operate below 5SMPa pressure
= Demonstrated the catalyst lifetime beyond 100 hours with product selectivity >85%

Risk Mitigation:
= Ensure the catalyst developed is industrially relevant and commercially viable
= Coordinated approach to alleviate scale-up and investment risk

ChemCatBio Bioenergy Technologies Office | 5



2 — Approach (Phase I)

Combinatorial Catalysis to Develop Hydrogenolysis Catalyst

Catalyst Formulation Testing with High Throughput

Experimentation: Identify hydrogenolysis catalysts (e.g.,
support and metal composition) that can operate at pressure
below SMPa.

Process Optimization in Flow Reactor: Optimize
operating conditions (e.g., temperature, residence time) as a
function of system pressure to achieve at least 80% selectivity to
desired product at < 5SMPa.

Catalyst Stability and Lifetime Testing: Conduct time-on-
stream (TOS) experiments for at least 100 hours to demonstrate
catalyst stability and product selectivity at pressure < SMPa.

TEA and Pilot: Develop and demonstrate a stable
hydrogenolysis catalyst at = 80% selectivity at < 5MPa and

complete the analysis for pilot plant design based on process and
economic analysis.

ChemCatBio

Phase | Project Duration
Start: March 2018
End: June 2020
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2 — Approach (Phase Il):
Combinatorial Catalysis to Develop Hydrogenolysis Catalyst

Catalyst Impurity Tolerance: Identify bio-intermediate Phase Il Project Duration
feedstock impurity tolerance on the low-pressure Start: October 2020
hydrogenolysis catalyst and develop mitigation protocol. End: September 2022

Evaluation of Engineered (pellets) Catalysts:
Develop and evaluate extruded versions of the catalyst
formulation and demonstrate the catalyst stability and
product selectivity.

Catalyst Stability and Lifetime Testing: Conduct
TOS experiment for 500 hours on engineered catalyst and
provide engineered catalyst to Visolis to test in 20-gram
reactor (scale-up).

TEA and Pilot: Develop and show a stable
hydrogenolysis catalyst at = 80% selectivity under 5 MPa
and update the analysis for pilot plant design based on
process and economic analysis.
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3 — Impact
Develop Low-Pressure Hydrogenolysis Catalyst

* The best hydrogenolysis catalyst identified in the 4 Synthetic Biology/ Fermentation )
preliminary work by Visolis requires 13MPa pressure and @
the catalyst was stable for only few hours.
v Low-pressure and stable hydrogenolysis catalyst improve the High Throughput ;‘:,g",;;:g’""""c
commercial case with major capital cost savings and decreased e Process

Development

operating costs.

= Synthetic biology/fermentation is the core competency for X )
Visolis (start-up company). . Catalyst Synthesis & Evaluation )
= PNNL and ChemCatBio’s demonstrated technical capability
in developing the hydrogenolysis catalyst and unique Deepak Dugar (President, Visolis
catalyst development tools that are beneficial in developing Inc.): "PNNL’s involvement will
the low-pressure hydrogenolysis catalyst. accelerate the low-pressure

hydrogenolysis catalyst discovery

and the process development
cycle.”

= This project will enable the successful catalyst development
and commercialization of this technology.

Phase | of this project is successfully completed by demonstrating the hydrogenolysis catalyst at

~S5MPa pressure for >100 hours TOS, with product selectivity of >85%.
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4 — Progress and Outcomes (Phase )
Combinatorial Experiment for Catalyst Screening

Selectivity (%)

ChemCatBio

I Product [ Intermediate Il Side Product I Product 7] Intermediate [l Side Product
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Catalyst Catalyst

= Combinatorial capabilities enable the evaluation of a wide range of metal promoters, supports,

and reaction conditions.

= Mono-metallic promoters were found ineffective.

» |dentified key synergistic promoter X during an extensive screening of bimetallic formulations.
» Tuning support was allowed for the further improvement of catalytic performance.
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4 — Progress and Outcomes (Phase )
Bimetallic Catalyst Development

B Product [ ] Intermediate [} Side Product
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Catalyst

Mono-metallic catalysts were found to
be ineffective for the rate limiting
reaction step.

|dentified key synergistic promoter X in
an extensive screening of bimetallic
formulations.

Effect was verified for several paired
promoters, with A-B being most
selective.

Verification in flow reactor system was
demonstrated.

Bioenergy Technologies Office |
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4 — Progress and Outcomes (Phase |)
Effect of Bimetallic Formulation

[ 020 :
l Promoter A .
Promoter A+X :
0.154
< i
g 0.10 - :
0.05
o.oo'...........:........
0.5 0.6 0.7 0.8 0.9
E (V vs Ag-AgCl)
= TEM Analysis: Element maps show evidence of co- = CO-Stripping Experiment: Change in oxidation
localization of metal A and X. onset potential with addition of metal A to metal X
: : _ v" Verifies formation of A-X bimetallic alloy
= Spot analysis of nanoparticles reveals alloy formation. v Results in increased electron density on metal A

= Molar ratio of A and X matches expected alloy = Provides explanation for synergistic behavior in
distribution from phase diagram. experimental results.
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4 — Progress and Outcomes (Phase I)

Catalyst Stability Demonstration

~

Desired Product Yield, %

0%

100% -

80% A

60% A

40% A

20% A

—e—Pre Phase |

—e—Post Phase |

50

100 150 200 250
Time on Stream, hr

300

350

Product

= Catalyst stability data comparing copper based (Pre-Phase 1) catalyst vs low-pressure

hydrogenolysis catalyst developed during Phase | of the project.

= Copper-based catalyst was tested at 13MPa, 200°C, and weight hourly space velocity
(WHSV) of 0.8 hr'. Phase | catalyst was tested at ~4MPa, 145°C, and WHSV of 0.8 hr.

ChemCatBio
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4 — Progress and Outcomes
Economic Update from Phase | Results

(

Feedstocks

Cellulosic Final

O @D =

Sugar Product

Flue Gas S

Fermenter Filtration Distillation Hydrogenolysis Distillation
L Simplified process flow diagram used in the TEA )
Parameter Pre-Phasel Post-Phasel % Reduction Description

,(°\$r;{10una)l CelElRICe 780 620 21 Improved catalyst lifetime and stability
éitp;:]a)l Expense 540 450 16.7 Reduced hydrogenolysis pressure
Operating Expense 1140 950 16.7 Re<Ijuct|on in frequent catalyst
($/ton) maintenance and hydrogen pressure
Total Production Cost 5700 4700 17 5 Improved product selectivity and

($/ton)

everything mentioned above

ChemCatBio
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Phase Il Work Plan

Start

End
®

Completed

Future Work

Fiscal Year (FY) 2020 Oct.

September
2021

September
2022

ChemCatBio

[
FY 2022 Sept.

Evaluate the impacts of feedstock-based impurities on the
product yield and develop mitigation strategies.

Reduce the Pt group metal loading < 1.5% in the catalyst and
show the product yield > 85%.

Achieve catalyst regeneration and spent-regenerated catalyst
performance with greater than 90% of fresh catalyst level.

Demonstrate > 500-hour TOS experiment with a product yield >
85% over the engineered catalyst.

Bioenergy Technologies Office | 14



Summary

= Develop a low-pressure and water-tolerant hydrogenolysis catalyst to convert
the fermentation derived C6 oxygenate to a high-value monomer.

Overview

» High-throughput experiments to discover potential catalyst composition and
Approach process conditions. Transition to the flow reactor setup to optimize and
demonstrate the stability of the catalyst.

= Support the start-up company (Visolis) to commercialize their technology by
developing a stable catalyst and by reducing the scale-up risk.

Prog ress and = Developed the hydrogenolysis catalyst that can operate < 5SMPa pressure and

demonstrated the catalyst lifetime beyond 300 hours TOS with product
Outcome selectivity > 85%.

= Develop an engineered catalyst that is tolerant for feedstock impurities and
operate ~6Mpa. Demonstrate the catalyst stability beyond 500 hours TOS.
Update the process and economic analysis.

ChemCatBio Bioenergy Technologies Office |



Quad Chart Overview

Timeline Project Goal
. Project start date: 10/1/2020 Develop a low-pressure and water-tolerant
. Project end date: 9/30/2022 hydrogenolysis catalyst to convert the fermentation
derived C6 oxygenate to a high-value monomer and
FY 2021 Active Project demonstrate the chemistry with engineered catalyst.
U.S. - -
Department of $200.000 $400,000 (FY 2021- End of PI'OjeFt Milestone o
Energy ’ 2022) -  Cost-effective catalyst that maintains performance
Funding at lower pressure (<5Mpa) for long TOS.
o $174,000 (FY 2021- . Stable catalyst that is tolerant to minor impurities
e $87,000 2022) and recycles.
. . Engineered catalyst (extrudates) that is easily
Barriers Addressed scalable.

. Ct-H. Efficient Catalytic Upgrading of
Sugars/Aromatics, Gaseous, and Bio-Qill
Intermediates to Fuels and Chemicals Funding Mechanism

. Ct-J. Process Integration Directed Funding Assistance through ChemCatBio

Chem
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Preliminary Work from Phase II

Impact of Feedstock Impurity on Hydrogenolysis

I Product[ ] Intermediate [l Side Product

Sorbic Acid Acetic Acid Water
100 A
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40 -
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0 0.08 1.28 4.89 0 005 05 50 0 04 20 10

Concentration (wt%)

ChemCatBio

Additional Slides

Combinatorial experiments were conducted
to identify the impact of the impuirities.

Impurities in the form of sorbic acid and
acetic acid at concentration below 1%
improves the hydrogenolysis performance.

v' At lower concentration levels sorbic acid and
acetic acid might interact with the strong base
sites to improve the performance.

Presence of water in the feed mixture tends
to improve the hydrogenolysis performance.

Flow experiments and catalyst
characterization are planned to better
understand the influence of these impurities.

Bioenergy Technologies Office |



2019 Peer Review Response Additional Slides

Lack of technical information in the peer review discussion

We apologize for not able to provide detailed technical information during the peer review presentation. This is due
to the constraints of confidentiality with a commercial partner. Once the novelty is protected by patent, our goal is

to make the information available to public and document all the information in the data management hub
operated by ChemCatBio consortium.

Potential benefit from the third-party interaction

Visolis is having ongoing discussion with potential suppliers about customized catalyst to be able to
scale the material and reaction. This project will access the ACSC and CCPC from the CCB to further
develop this catalyst.

Constraints in achieving the high selectivity

The constraint to the selectivity is to manage the right balance between the C-C scission, C=0 and
over saturation via hydrogenation. We will be comparing to a baseline standard achieved by
commercial catalyst.

Chem Rio Bioenergy Technologies Office | 20



Abbreviations and Acronyms

BETO: Bioenergy Technologies Office

FY: fiscal year

NREL: National Renewable Energy Laboratory
ORNL: Oak Ridge National Laboratory

PNNL: Pacific Northwest National Laboratory
TEA: techno-economic analysis

TOS: time-on-stream

WHSV: weight hourly space velocity

21




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Monitor Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /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 0.76
    /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 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice
device

92.000]
>> setpagedevice
ments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



